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Disclaimer

ATTENTION:

- Please note that NEI materials are FOR INTERNAL USE ONLY. If they shall be
used as source for customer consultation presentation, it is mandatory to align the
contents with Product Management or/and local Sales teams first!
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NEI Complex Introduction D Main Menu

Link Adaptation concept

The purpose of Link Adaptation Is to Improve system capacity, peak data rate and coverage
reliability by the adaptation of transmission settings to the radio channel conditions

* If the conditions of the radio link are good, a high-level m \

efficient modulation scheme and a small amount of error
correction is used. This gives a high data throughput on S':fefis:{li:':;rh
the radio channel.

* If the conditions of the radio channel are poor, a low-level,
more robust, modulation scheme is used and the amount
of error correction is increased. The data throughput will
drop considerably.

*  The same concept is re-used across different channels

NOTE
SINR distribution strictly depends on the environment
and load condition; it determines how many
subscribers can really exploit dual-stream MIMO
| (Spatial Multiplexing). L )
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NEI Complex Introduction D Main Menu

LTE physical radio channels and modulation

* Link adaptation for LTE is defined separately for PDSCH, PDCCH and PUSCH
* LTE PHY supports QPSK, 16QAM and 64QAM but not all of them can be applied with any physical channel

* In data channels, adjustment of the channel occur in Modulation and Coding Scheme (MCS) and number of Physical
Resource Blocks (PRB) domain (UL ATB only)

* In downlink control channel, only one modulation is available, thus adaptation is performed in number of Control
Channel Elements (CCE) domain

LTE physical channels and modulation

. QPSK

Downlink | Upllnk

N\

] ( ‘PUCCH

D D Signaling > —1+BPSK and QPSK (for ACK/NACK
T e e e e 16QAM | and CQI messages)

e s |s o \_

(PBCH and PCFICH
—{-QPSK — PRACH

N B4QAM (PHICH

sa ~|*BPSK

g ~ y,
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NEI Complex Introduction D Main Menu

Link adaptation features release history

PDSCH PUSCH PDCCH
LTE releases
Basic LTE Basic LTE Basic LTE
{ RL10/RLO5 TD} functionality functionality functionality
L LTE1035 Outer Loop Link ‘
L TE1034 Extended Adaptation for PDCCH
Uplink Link Adaptation LTE616 Usage based PDCCH
[ RL30/RL25TD J g adaptation (FDD only)
) LTE939 Usage based PDCCH
RL35TD adaptation (7DD only)

L LTE1495 Fast Uplink

( RL60/RL35TD \ Link Adaptation
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NEI Complex Introduction

Downlink function dependencies

> Main Menu

PDCCH Link Adaptation

HARQFeedback | 5oy /Nack/DTX
(for initial DL S
transmission)

©
g [=
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ﬁ O
UL L1/L2 S
signalling m—
CQ!I reporting o 8
o E
> =
g E
wLjo
N

- I?L L1/_L2
signalling
pdcchCqiShift
Aggregation Level
o
O
\?: I Sbilcduiillg inu'ix,aTons Crannr |
° Scheduler
Outer Link Quality
Control o
. oec
deltaCQl
' -
DL Link Adaptation MCS selection

A —
. DbL-AMC = processed CQlv

PDSCH Link Adaptation

alues
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NEI Complex Introduction

Comparison of Link Adaptation in LTE Data channels

> Main Menu

Downlink - data

Downlink - signaling

Uplink - data

— fast — fast — Fast, event triggered
L = 17Tl = 17Tl = 17Tl >
[ — Channel aware — Channel aware — Channel partly aware N
= CQI based (frequency selective) = CQI based (wideband CQI/RI) = average BLER based
\ J
f— MCS selection — CCE AGG level selection — MCS adaptation *
= Absolute:1 out of 0-28 = Absolute:1,2,4,8 = Relative:+/- 1 MCS correction
\_ = F-ULA: absolute: 1 out of 0-24 Y,
— Output per UE — Output per UE — Output per UE *
" MCS = CCE AGG level e
N = TBS = ATB Y
[ _ UE capabilities support — UE capabilities support N
= max. TBS per TTI = power headroom
> =_QqaS profile <
\ — up to 64QAM support — QPSK only - g?o:oulEGC;;tzﬁ:;\A support
MBB CS Network Engineering © Nokia Solutions and Networks 2014 | J—I_I_)



NEI complex introduction D Main Menu

Terminal categories for LTE-Advanced

LTE (Rel.8) == L TE-Advanced devices based on these
categories User Equipment categones

Class 1 Class 2 Class 6 Class 7 Class 8

RF Bandwidth 40 MHz 40 MHz
Modulation DL 64 QAM 64 QAM
Modulation UL 16 QAM 16 QAM
MIMO DL ' 2x2(CA) or 4x4 2x2(CA) or 4x4
MIMO UL no 2x2

\ ] |\ J

| I
Defined in initial LTE release (3GPP Release 8) Defined in initial LTE-Advanced release (3GPP Rel. 10)

\ J
Carner aggregatinL of up to 40MHz

Source: TS 36.306
For internal use n
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LTE Link Adaptation — Reference Page

PDSCH PDCCH PUCCH LTE physical channels and modulation

Fast=> 1 TTI Fast=> 1 TTI Fast, event triggered = 1 TTI |
Channel aware = CQI based Channel aware =»CQI based Channel partly aware =» average { Downllnk ‘ [ Upllnk
(frequency selective) (wideband CQI/RI) BLER based
MCS selection = Absolute:1 out of CCE AGG level selection MCS adaptation =» E-ULA: Relative:+/- User data - _ _
0-28 = Absolute:1,2,4,8 1 / F-ULA absolute MCS correction E_______________&
PUCCH

Output per UE = MCS,TBS Output per UE = CCE AGG level  Output per UE =& MCS,#PRB Signaling - _ ‘{-BPSKandQPSK(forACK/NACK ’
UE capabilities support =& max. TBS UE capabilities support =» power and CQl messages)

i PBCH and PCFICH
per TTI headroom,QoS profile ‘{_QPSK‘"‘ ’ ‘{ PRACH ’
up to 64QAM support 16 QAM only up to 16 QAM support (*for UE cat 4)

_{PHICH
Mode 2-0 CQI report subband size Mode 3-0 CQI report subband size REMENEE 19 K2 EHET SMiE1Ee (ESG| o eCEY

i i Parameter Name Enabling/disablin
System Subband Size k M System Bandwidth Subband Size k (RBs) . g . g -
Bandwidth (RBs) (RBs) (RBs) dlamcEnable Dynamic DL link adaptation (DL LA)
6—-7 NA NA 6-7 NA : :
810 2 1 8-10 4 dlOlgcEnable Outer Link Quality Control (OLQC) fUILa > RL60 FULA
11 - 26 2 3 11-26 4 actUlLnkAdp UL link adaptation (UL LA) (value = eUlLa »> RL30 EULA)
27-63 3 5 27 - 63 6 enableAmcPdcch  CQI-based AMC for PDCCH (DL-AMC-CCH)
64-110 4 6 64 - 110 8 enablePcPdcch Power Control for PDCCH (DL-PC-CCH)
f‘GGI Code rate | Message Type Tag Value Priority actOlLaPdcch Activate PDCCH Outer Loop Link Adaptation
eve (highest priority) 3 3 3 F
F—— o= 1 actLdPdech _Enablmg/dlsabllng the load adaptive number of PDCCH symbols
A 2 in a cell
3
2xCCE 113 UL: HARQ Retransmission 4 Reference to Key Parameter Values
4xCCE 1/6 2
6 Parameter Name Definition Default Value
8xCCE 112 UL: Scheduling Request Z P .
ST S AT 9 3 iniMesDI Initial MCS in DL 4
DL/UL DRX Prioritised Allocati 10 37 H HY H
DL/UL: Signallrilr?gr;I s:dio BC;[;arnaI?T/vith or w/o Dynamic Allocation 11 31 iniMcsUI Initial MCS in UL MCS5
DL/UL: D ic Allocati initial t issi GBR 12 25 . L .
_ DLUL: Dﬁﬂ!ﬁ Allgggt:g: 82:&; 5222212333 non-GBR delay sensitive 13 19 iniPrbsul Selection of initial Bandwidth at Call Setup 10
- ‘DL/UL Dynamic Allocation (initial transmission) non-GBR non-delay sensitive 14 13 i
Network_ ~ UL Proactive Assignment (Dummy Grant) 15 7 maxNrSymPdcch  Maximum number of OFDM symbols for 3
Engineering ) 'Spare with lowest priority for future use’ 16 - 30 0 PDCCH per subframe

11 Mobile Broadband k Engineering © Nokia Solutions and Networks 2014 T H H


http://pkdb1.emea.nsn-net.net:8080/pkdbWebTool/
http://paul.wad.homepage.dk/LTE/lte_resource_grid.html

Link Quality Control (OLQC)
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Outer Link Quality Control (OLQC)

Table of Contents

Dimensioning Aspects

Motivation and Feature Overview ' T Dimensioning Impacts and Examples
Interdependencies 3 Energy Savings Aspects

Interdependencies with Other Features and Functions ' Energy Savings Examples and Calculations

o - ’

Technical Details Performance Aspects

Functionality and Implementation, Message Flows Counters and KPIs

Configuration Management

Parameters
N\ )
Deployment Aspects

Feature Activation and Configuration Examples

Benefits and Gains

Simulation, Lab and Field Findings

NEI Contact: Krzysztof Wascinski
For internal use
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Introduction

Outer Link Quality Control Introduction

> Table of Contents > Main Menu

OLQC corrects CQI reports for other RRM blocks

* The purpose of OLQC is to adapt/correct CQI values,
delivered by UE and later on used by DL link
adaptation (DL LA) and DL scheduler (DL SCH),

* The target of this adaptation is certain target block error
ratio (BLER) of the first HARQ transmission

* OLQC can be activated by network operator through
O&M

— active by default settings

r

Important

If OLQC is not active, DL LA and DL SCH fully

rely on UE reported CQI values |
I
For internal use ] S n
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|ntr0dUCt|On > Table of Contents > Main Menu
OLQC - why to adapt/correct CQI values?

* CQI estimation error of the UE
* CQI reporting error

* time delay between CQI measurement and the
reception of the subsequent data block

* CQIl interpolation error
* errors due to CQI averaging of PRBs

CQI inaccuracy sources

 If CQI inaccuracies are not corrected, target BLER might not be reached

* Inaccurate CQI values would cause retransmissions and hence visible user/cell throughput
degradation

For internal use ‘ S n
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|nterd8penden0|93 > Table of Contents > Main Menu

* OLQC improves other RRM blocks performance, thanks to more accurate CQI reports

I
rdMimoOllaUsed(CL or O/)
I

For internal use
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Technical Details
Downlink Link Adaptation for PDSCH - Algorithm input and output

> Table of Contents > Main Menu

OLQC corrects CQI reports for other RRM blocks

»' T

* CQIl reports (from UL L1/L2 sig):

— wideband * Corrected CQI reports (to DL LA):

— frequency selective — wideband

— code word specific (starting from RL20) — frequency selective
* HARQ feedback (from DL HARQ) — code word specific (starting from RL20)

— ack/nack information * Corrected CQI reports (to DL MIMO-MC):
* MiMo mode selection (from MiMO-MC) — means of the R&D Parameters

— single/double code word case rdMimoOllaUsedXX (XX = Ol, Cl, range 0,1

step 1) the effect of OLLA can be turned on/off
separately for closed loop MIMO and open
loop MIMO. Default shall be 1 meaning "On".

For internal use ] S n
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B i
CQI/RI/PMI reporting modes granularity

. N
Wideband report provides one CQI value for the entire downlink (Edff?g:gr'ﬁc iﬁmgztgzgg?;' g’i?‘f'e’?e";’]'t‘iéh orted COI values) }
system bandwidth. P

UE selected subband CQI report divides the system bandwidth

into multiple subbands, selects a set of preferred subbands (the best T e 'l'cg:ﬁrl"arzzr
M subbands), then reports one CQI value for the wideband and one ‘ . S:bzﬁj subt?and
differential CQI value for the set (assume transmission only over the Wideband " » Mode 3
selected M subbands). Mode 1-x Mode 2-x 0ae IX
6-7 NA NA
8-10 2 1
11-26 2 3
27 —63 3 5
64 - 110 4 6 —
Higher layer configured subband report provides the highest E
granularity. It divides the entire system bandwidth into multiple 5
subbands, then reports one wideband CQI value and multiple e
differential CQI values, one for each subband. -
6-7 NA
8-10 4
11- 26 4
27 - 63 6
64 -110 8

g

For internal use
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Technical Details

> Table of Contents > Main Menu
CQI/RI/PMI reporting modes family tree

* Periodic * Aperiodic
— Combinations of wideband / frequency-selective (sub- — Combinations of wideband / frequency-selective (sub-

band) CQIl and PMI are possible. band) CQI and precoding matrix indicator (PMI) are
— Frequency selected is based on best subband of a possm.)le.' _ _

“bandwidth part”. Subband index within the partis also — Rank indicator is always wideband. Encoded separately

reported. but sent with the CQI/PMI report on PUSCH.
— Rank indicator is always wideband. It may be delivered Note

modes are defined
in 3GPP 36.213
Periodic Aperiodic (see slide notes for
(on PUCCH) (on PUSCH) extract)
| I 1 | e 1 I
: UE selected - UE selected 'gher layer
CQIlfeedback type Wideband subband Wideband subband configured
subband
e ™
| NoPMI || NoPMI || MutiPMI | | NoPMI | | NoPMI
Mode 1-0 Mode 2-0 Mode 1-2 Mode 2-0 Mode 3-0

PMI feedback type

Single PMI Single PMI Multi PMI Single PMI

Mode 1-1 Mode 2-1 Mode 2-2 Mode 3-1
20 N MBB CS Network Engineering O NOKIa Solttions and Networks 2014 o | I—a n




Technical Details

CQIl reporting mode configuration

> Table of Contents > Main Menu

* Modes can be selected through parameter cgiAperMode, which implements 3GPP “cqgi-
ReportingModeAperiodic’.

— Value “FTB1” selects the reporting mode 2.x.
— Value “FTB2"selects the reporting mode 3.x

Abbreviated Range/  Default

Description

Name Step Value

AperModt Aperiodic CQI feedback reporting FBT1 (0),

mode FBT2 (1) AU

MIMO-MC selects variant “x” automatically, i.e., PMI-enabled variants for CL and without PMI
for OL.

“‘Best-M” average mode is used for CQI in UE-selected type.
Higher layer type allows for one CQI per subband report.

For internal use S n
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Technical Details

CQIl adaptation/correction algorithm 1/6

> Table of Contents > Main Menu

* OLQC has a UE scope and a time resolution of up to single TTI

* Adaptation/correction is done through a calculation of CQI offset and its addition to the initially
received CQI values

* The CQI offset itself is controlled by the incoming ACK/NACK responses for the initial
transmission of each transport block

* Adapted/corrected CQIl is delivered to DL LA

* DL LA will base the selection of transport block size and modulation/coding scheme on
corrected CQI values

For internal use l S n
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Technical Details

CQIl adaptation/correction algorithm 2/6

> Table of Contents > Main Menu

* OLQC adds a CQlI offset (ACQ)) to the wideband/frequency selective and code word specific
(starting from RL20) CQI values for codeword x and frequencies 7, at time {

CQIcorrected (X’ t) : CQI reported (X’ t) + ACQI(t)

C:cglcorrected (X’ frep ! t) — CQI reported (X’ frep ! t) + ACQl(t)

* Delta CQIl is initialized in the following way

ACQI(t.. ) = ACQI

init

setup

For internal use ' S n
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TeCh n|CaI Deta”S > Table of Contents > Main Menu

CQI adaptation/correction algorithm 3/6

* For dimensioning purposes a balance condition for the CQI offset can be defined since the CQI
increase and decrease steps should be balanced.

* Itis assumed that the HARQ DTX will occur with a probability pdcchHargTargetBler. This
parameter is set to 0.01 if PDCCH OLLA is disabled or it is taken from the O&M parameter
pdcchHarqgTargetBler it PDCCH OLLA is enabled.

* With a certain assumption the balance condition (for single codeword) is defined as:

stepdown stepdown

(1-0.02)x (1= BLER ;e X CQl gpp = (1-0.01)x BLER, ,, x CQI +0.01xCQI ,if PDCCH OLLA disabled
(1- pdcchHartT argetBler )x (1 - BLER,,get X CQlgepyp = (1— pdcchHartT argetBler )x BLER ,yet X CQlgepgoun  »if PDCCH OLLA enabled

* Therefore, CQlgepiown CaN be calculated from the O&M parameters CQlg,,,,, and the BLER, ¢
as:

[ (1-0.01) -(1-BLER 4 )

(1-0.01) -BLER ,, +0.01
CQl stepdown cQl stepup ) (1 -BLER t:rgitt)

BLER

, If PDCCH OLLA is disabled

, if PDCCH OLLA is enabled

target

For internal use ‘ S n
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TeCh n|CaI Deta”S > Table of Contents > Main Menu

CQI adaptation/correction algorithm 4/6

¢ Starting from the initial value the CQI offset is adjusted in response to the ACK/NACK/DTX for the new transmission
of a transport block.

* The basic algorithm is based on the well-known outer loop link adaptation algorithm used also in WCDMA. This well-
known algorithm can be directly applied for the single code word case which results in the following equation:

min(ACQI(t -1) + CQl,,,,ACQI .,),  forfirst HARQ feedback = ACK,
ACQI(t) = max(ACQI(t —1) — CQI phomn s ACQI ), for first HARQ feedback = NACK or DTX,
ACQI(t -1), for first HARQ feedback = N/A.

*  For the dual code word case (MIMOQ) the algorithm has to be slightly adapted, since up to two HARQ feedbacks are
available per TTI:

min(ACQI(t -1) + CQl,,,, ACQI .. ), for first HARQ feedbacks = ACK + ACK,
Max(ACQI(t —1) — CQI phomn s ACQI i1 ), for first HARQ feedbacks = NACK + NACK or DTX,
min(max(ACQI(t —1) + (CQI - CQl /2,
(Max(ACQI(t =1) + (CQlepp ~CQlsepsomn) for first HARQ feedbacks = ACK + NACK,

ACQI(t) =1ACQI,,;,), ACQI ,.),
min(ACQI(t -1) + CQl,,,,, ACQI ), for first HARQ feedbacks = ACK + N/A,
mMax(ACQI(t —1) — CQI epiomn » ACQI i), for first HARQ feedbacks = NACK + N/A,
(ACQI(t -1), for first HARQ feedbacks = N/A + N/A.

For internal use ‘ S n
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Technical Details

> Table of Contents > Main Menu

26

CQI adaptation/correction algorithm 5/6

Delta CQI calculation

— shall not be performed if the latest received wideband CQI is equal to O or 15

Switch between single/double code word case triggered by MiMo-MC

ACK shall be mapped to N/A if:

— new transmission has been done with maximum MCS which results from UE or eNodeB capabilities

— MCS downgrade has been done for the new transmission due to the fact that the selected transport
block exceeds the peak data rate or the amount of buffered data of the considered UE

NACK shall be mapped to N/A if:
— the minimum MCS has been reached

Maximum and a minimum CQ)I offset is defined in order to suppress very large fluctuations that
may arise in extreme situations

For internal use ‘ S n
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Technical Details

27

> Table of Contents > Main Menu
CQIl adaptation/correction algorithm 6/6

Provide DL LA with:
— corrected wideband CQlI

CQ ! corrected (X’ t) e CQI reported (X’ t) + ACQ ! (t)

— corrected frequency selective CQI

CQ I corrected (X’ frep ’ t) e CQI reported (X’ frep ’ t) -+ ACQ I (t)

For internal use l S n
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Configuration Management

Basic feature configuration

Abbreviated
NElE

Description

diOlgqcEnable Switch to enable/disable OLQC

diOlgcDeltaCgilni Initial value of CQI offset

Target block error ratio of transport

diTargetBler blocks for 1st transmission
:IJI;)chDeItvaiS’tep CQI offset increase for an ACK

For internal use
28 MBB CS Network Engineering

Range/
Step

Boolean (0/1)
0=True
1=False

-15to +15
in steps of
0.1

0.001 to
0.999
in steps of
0.001

Oto1l
in steps of
0.001

Default
Value

True

-0.5

0.10

0.125

Recomendation

The feature shall be enabled all the time

The value determine initial correction, delivered to DL AMC, later on
modified by algorithm.

*Value close to 0=» UE overestimates the CQI often - reported CQI is too
high

*Value close to edge (-15 or 15) =» UE underestimates the CQI >
reported CQI is too low

«dITargetBler is not applicable if dlOlqcEnable = false
*pdcchHargTargetBler shall be at maximum one half of diTargetBler

*Low value =» Very low CQI offset adjustment
*High value =» Quick MCS adjustment (value will not be higher than
dIOlgcDeltaCqiMax and lower than dIOlgcDeltaCqiMin)

. n
© Nokia Solutions and Networks 2014 ,



Configuration Management

Minimum and maximum delta CQI

Abbreviated

Name Description

diOlgcDeltaCgiMax Maximum value of CQI offset

diOlgeDeltaCqiMin Minimum value of CQI offset

For internal use
29 MBB CS Network Engineering

) Main Menu

Default _
Value Recomendation
0to 15 _ ' o
in steps of 5 The value define suppression of CQI fluctuation = degree of freedom for
0.1 oLQC
*Value close to 0 =» Low deltaCQI fluctuation - recommended 0+- 3

ity -Value close to edge (-15 or 15) High deltaCQI fluctuation, MCSs will be
n Stoegs of s changed more often, worse performance expected
dlOlgcDeltaCqiMax

diOlgcDeltaCqiMin

© Nokia Solutions and Networks 2014




For ACK+NACK:

rrmDeltaCqgi = min(max(rrmDeltaCqiprev +
(dIOlgcDeltaCqiStepUp — rrmCqiStepDown)/2/
rrmDIOlqcSlowdownFactor,

For dual NACK or NACK+NA:

StepDown value varies and is not exactly 1.125 as derived
(rrmCqjiStepDown = dIOlqcDeltaCqiStepUp * (1 — diTargetBler)/ Control) called
diTargetBler) because of rrmDIOIlqcSlowdownFactor.

rrmDeltaCqgi = max(rrmDeltaCqiprev — rrmCqiStepDown/

CQlI offset value in OLLA
(or Outer Loop Quality
Column added
manually to
show step size
values

rrmDeltaCQI, ranging
between olgcDeltaCqiMin &
olgcDeltaCqgiMax

dI0lgcDeltaCqiMin), diOlgcDeltaCdiMax) rrmDIOlgcSlowdownfFactor,-dlOlgcReltaCqgiMin) /
. : . ackMack | ackMack |mody um | karghlum| mezindes | mezindeg] tbeCwl | tbeCw2 | numbes | numUezf numbUes]  total | nomOFrbs :
el || e || i) TR, G Cul Cu? Cul | owe | cwt | cwz |inBuesi|inBuesi] cs | Td | Fd |Proses| anee | ™MCeheCai| STEFSIZE
w w b w b L w L L w L L b L L b w L w w
742 2 137011713 2 hlewTx MEN ACK ALK MM EEAR 1 3 1 1 28 2% 4 4 2 5 1 1459257513 0
782 9 137011719 2 MewTu | MewToN\MACK | MACK=L_BEAM | 16GAM 2 10 14 1 23 2% 4 4 2 25 1 1459257513 0
743 0 13701719 2 MewTx | MewTs | “MACK ACK ==-1GGAM AN _ 3 1l 14 1 23 2 4 4 2 5 1 1459257513 0
743 1 13701719 2 MewTs | MewTy ACK ACKE | BDAM Wsmm----_L_:“rz-n-_u___ 13 m " 4 4 1 5 25 DATIIZHI 0075625
743 2 13701719 2 MewTs | MewTy ACK ECE | BEAM | 1REAM R LT TR '14'~~—-gs.___ 2 4 4 2 5 1 D A5E0G4ESE  DUIPEE1ZE
743 3 13701719 2 MewTs | MewTy ACK ECE | BEAM | 1REAM 5 14 1 W “~~~:~s--___23"-~~+-___ i 2 5 1 DAIB4TEEGT  DUIPEPE1ZE
743 4 13701719 2 MewTs | MewTy ACK ECE | BEAM | 1REAM 7 15 1 1 23 R T | "‘z-—~-25____ 1 s 0420993438 DOIP5PE1ZE
743 7 13701719 2 ReTwl | FeTwl | ACK ACK == ~BQAN __ TBEAM z 10 1 0 2 __ 172 0587890625 | -0IRE3I21EE
783 | naoms | 2 ReTwl | BCK | OTH | HOAM | Tme=ell L 2 Re’;':’a(r?s"rgig;opni"’/‘ffk?;n I T 0683085938 007595303
743 9 13701719 2 BMewTs | MewTs | MACK | RKACK | BEAM | BGAM i N e § iy 1 DEHENIEET | 0021484375
784 0 11,375 2 MewTy | MewTy ACK == —EZAM | TBEAM 1 3 1 B E4-=-Rgiransmission /lacks, since 062103375 0020807813
QAN ek §_ | T2 13 r | \_rocayseniist IXEEER 535 | DI
StepUpavalue varies and is not exactly0.125;as configured OAM | TREAM R “—ﬁ~_-__13__ 12 26 25 4 4 2 | R m== 4=~ 30 534360 il
(dlIOIgcbBeltaCqiStepUp) because of rrmDIOIlgeSlowdownFactor. OAM | TREAM g 1 T i TR M 4 4 2 25 1 0 FB49E0928 il
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/}'LTE MAC shall calculate OLQC slowdown factor (rrmDIOlgcSlowdownFactor) in order to slowdown OLQC *’\

update speed for frequently scheduled UE. Since the HARQ feedback is delayed by 8 TTls a change of
ACQI at time t will become visible in the HARQ feedback earliest at time t+8. Therefore, the step sizes
CQlgtepup aNd CQlgiepgoun Shall be reduced depending on the number of received HARQ feedbacks as well

in the currently considered HARQ feedback. Furthermore, the number of DL schedulings in the last 8TTls
reflects the number of coming steps that the OLQC will perform in future. Therefore, the step sizes should
be downscaled in an appropriate way depending on the number of previous changes and the number of

Qoming changes.

the number of DL schedulings in the last 8 TTIs. The number of received HARQ feedbacks in the last 8 TTls
reflects the number of adaptations that the OLQC has done in the past and the result of those is not known

as

=

/\HARQ feedbacks received for an UE within last 8 TTIs (HARQ feedback Ioop)/

-
rrmDIOlgcSlowdownFactor :

IF (rrmNumOfSchedulings + rrmNumOfHargReceived > 8),
rrmDIOlgcSlowdownFactor = max(1, rdDIOlgcSlowdownEnable *
max(rrmNumOfSchedulings, rmNumOfHargReceived))

ELSE rrmDIOlgcSlowdownFactor = max(1, rdDIOlgcSlowdownEnable *
(rrmNumOfSchedulings + rrmNumOfHargReceived))

Where: rmNumOfSchedulings = number of schedulings done for an UE within
last 8 TTls (HARQ feedback loop & rrmNumOfHargReceived = number of




Benefits and Gains
BLER from DL Multi UE PF case
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Dimensioning impact

* OLQC is not relevant for link budget calculations

* Capacity figures used in RAN Dim, already consider OLQC algorithm being implemented in
the system-level simulator

For internal use ] S n
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* OLQC has direct impact on DL AMC performance, thus it can impact UE battery consumption
as described in Downlink Link Adaptation NEI

*  Low A CQI fluctuation reduction range can disable CQI adaptation, thus UE reported value
will be used = more retransmissions due to reporting inaccuracy - higher battery
freedom for

consumption
OLQC

For internal use ] S n
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Performance Aspects

LTE _Pwr_and_Qual DL family (M8010), can be used to verify CQI OLQC performance

Histogram distribution of specific CQI usage can be drawn for every cell.

Without OLQC enabled — histogram variance shall be higher, and mean CQI value will be less
predictive, due to more variations in the CQI reports from UE.

Abbreviated Name Description Comment

. . . Th ters inf bout CQI hist
UE_REP_CQI_LEVEL_00 xx UE reported (wideband) Channel Quality Indicator CQl class xx ov:riggncglrls Inform about CQI usage histogram
The counter is updated when the min/max
assumed CQI in LA process is obtained

CQI_OFF_MIN Minimum/maximum CQl offset applied in link adaption from CQI reports and corrected by Outer Loop
CQI_OFF_MAX process from outer loop link adaptation on the Quiality Control.
CQI_OFF_MEAN reported CQl values from UE

Mean value is also obtained — indication about
average CQ offset used by Link Adaptation in a cell.

For internal use 5 n
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Downlink Link Adaptation for PDSCH
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Introduction

> Table of Contents > Main Menu
Downlink Link Adaptation for PDSCH

The purpose of DL LA Is to Improve system capacity, peak data rate and coverage
reliability by the adaptation of transmission settings to the radio channel conditions

. . . . Link Adaptation concept illustration
* DL LA determines suitable Modulation and Coding Scheme

(MCS) as well as transport block size, that shall be applied for SINR distribution
the PRBsS/RBGs assigned to a UE by the downlink scheduler, Jisncoware
basing on the reported/corrected CQI values

* DL LA can be activated by network operator through O&M
* active by default settings
* If not active, initial MCS is used all the time

Good
SINR
region

For internal use ] S n
40 MBB CS Network Engineering © Nokia Solutions and Networks 2014 i



InterdependenC|eS > Table of Contents > Main Menu

*  Downlink link adaptation is basic feature and it's functionality is obligatory to achieve optimum
radio performance.

* It shall be disabled only in special cases (e.g. when static MCS setting for all UEs is desired)

* One of the most important interdependencies can be drawn for OLQC feature
» Different combinations of those features configurations are described in Configuration

Management section
[ OLQC ]

DL PDSCH

Link Adaptation

For internal use I S n
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Technical Details
Downlink Link Adaptation for PDSCH - Algorithm input and output

> Table of Contents

> Main Menu

42

DL LA provides transmission settings to other RRM blocks

CQlI values (from OLQC)

— corrected wideband/frequency selective CQIls

— If OLQC is switched off — value reported by user is used

Scheduling information (from DL SCH)

— list of PRBsS/RBGs assigned to the UE

— upper or lower downlink rate limit

HARQ feedback (from DL HARQ)

— ack/nack information

UE capabilities (from RAC)

— maximum allowed number of bits for single(all) DL SCH
transport block(s) within a TTI according to 3GPP-36.306

MiMo mode selection (from MiMo-MC)

— single/double code word case

Rank indicator (from OLQC)

For internal use
MBB CS Network Engineering

) ) ' ——

* Transmission settings (to DL SCH)
— modulation and coding scheme (MCS)

— transport block size (TBS)
* Processed CQI values (to DL SCH)

© Nokia Solutions and Networks 2014
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Technical Details

Modulation and Coding scheme set

+ 3GPP defined set of modulation and coding schemes (MCS) is
used to determine transport block size (TBS)

— Different tables are defined for UL and DL
— Higher modulation orders can be disabled by O&M parameters

> Table of Contents > Main Menu

——MGS-1 [QPSK,R=1/8]
—MCS-2 [QPSK,R=1/5]
1|=—mcs-3 [aPSK,R=1/4]
—MCS-4 [QPSK,R=1/3]

5 || ——MCS-5 [QPSK,R=1/2]
—MCS-6 [QPSK,R=2/3]

|| ——Mcs-7 [QPSK,R=4/5]
MCS-8 [16 QAM,R=1/2]
MCS-9 [16 QAM,R=2/3]
31 MCS-10 [16 QAM,R=4/5]

Throughput, bits per second per Hz

MCS-11 [64 QAM,R=2/3] ‘
5 | |=—MCS-12 [64 QAM,R=3/4]
~—=MCS-13 [64 QAM,R=4/5] — -
;] = 8hannon 1 /
/ | [
J ri i J )
A v A | r i ’ |
0 ~ 7 7 7 7 ‘ Z 7
-10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20

For internal use n S n
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Technical Details

Downlink Link Adaptation for PDSCH — algorithm overview

> Table of Contents > Main Menu

The degrees of freedom for the AMC consist of the modulation and coding schemes

* The DL LA algorithm responsible for selecting the
MCS is called PDSCH Adaptive Modulation and
Coding (AMC)

* PDSCH AMC is performed every TTI (1 ms)
* In case the link adaptation is disabled — default MCS

No

is used (iniMcsDI)

*  For retransmissions, the same MCS as for initial R dalé?alftion
transmission is used

disabled
* Modulation order (resulting in specific code rate) is

decided based on CQI (Channel Quality Indicator)
reports

= UE delivers periodic CQIs on PUCCH and aperiodic CQIs
multiplexed with user data on PUSCH

* MCS determination consists of two main steps:
= CQI post-processing (i.e. mapping to CIR)
= CQI to code rate mapping

Start with default
MCS

ynami
Yes
{ Retransmission ]
HARQ Yes \/
No
v

Use same MCS as for

= Determination of the MCS resulting in a code
rate close to the target value

For internal use
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Technical Details

> Table of Contents > Main Menu

Downlink Link Adaptation - MCS determination (1/2)

* Average CQI can be mapped to the target code rate using a look-up table
— If 64QAM modulation is not enabled in the cell CQI index is limited to 9
— Itis up to a vendor to extend the CQI to code rate mapping table
— Itis up to the eNB to choose the MCS which will result in a code rate similar to the target value

Note:
. " Modulstion ofder mapping
. 1 J p out of range ‘ QPSK >2
Map CQI 8 to modulation 78 15 16QAM =>4
+ 16QAM 2344 64QAM =26
\_
Note:
/ : : . What is the maximum code
Determine effective coding & rate?

rate

* Efficiency = 1.9141 with 16QAM
(modulation order 4)

L Coderate =1.9141/4 =0.479

For internal use EXAMPLE FROM 3GPP 36.213, TABLE 7.2.3- ‘ S n
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MCS determination (2/2)
' MCS Index [Modulation| -o o ey
p 3 order

Knowing farget modulation type, select 3 Note for step 4.
,_qusslb/e 7I'BS indexes and corresponding #PDSCH_RE_PRB
Size value = number of PDSCH symbols per

*For e.g. 16 QAM = modulation order 4, and 5PRBs PRB. With 3 symbols for PDCCH,
*TBS 9-15 2 antennas, and normal cyclic

\e _ prefix = 120

Calculate effective coding rates
*TBS / (#PRBs * modulation order * #PDSCH_RE_PRB )

(Select 7BS index corresponding to the 5
transport block size for which the difference of .
the ‘arger coding rate (from CQI table) and

the effective coding rateis minimized

*For code rate 0.479:
\_ the minimum difference is 0.470 =»TBS 12 J

/Finally, the MCS index corresponding
to the selected 7BS index

should be chosen

for the transmission

& TBS12 - MCS13

For internal use ) I I
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Technical Details

MCS determination — padding optimization

> Main Menu

* RL40 introduces a change in the scheduler implementation in order to avoid too much
padding in transport blocks, which directly refers to Link Adaptation algorithm

— MCS is downgraded until the data fits "perfectly” into the TB.

= In case of low data volume in DL buffers this leads to a downgrade to very low MCS's (even MCS 0 is possible)
— RL30 always uses the MCS requested by link adaptation.

= This could lead to cases where we schedule only 10 bytes in a big TB with MCS 28

User data Padding bits User data  Padding bits minimized
I . 1 . 1 I . T 4 1
- 000000000000000000000000000000000000000000000000000000000 0000
\ ) \ )
T T
Transport block size with high MCS (e.g. MCS28) Transport block size with
low MCS (e.g. MCSO)

For internal use l S n
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Technical Details

: Table of Contents : Main Menu
Timer for historical MCS

* If no new CQI values are available for a UE, and the UE is scheduled nevertheless, the MCS
IS determined based on the latest available CQI information is not older than d/amcTHistCqr

* If dlamcTHistCqris already exceeded (or CQI values are not yet available) the /nitial MCS
shall be applied.

<
e [ UE scheduled all the time
Last received CQI dlamcTHistCqi default MCS used )
)
i
CQl received |CQI cQl|cal | cQl{cql cQl .
TTls

MCS used N

- o Default
Abbrevi Nam Description
bbreviated Name escriptio Value
i . . 0..28,
iniMesDI Initial modulation and coding scheme step: 1 4
0..1000,
dlamcTHistCqi Timer for the lifetime of historical CQI step: 1, 1000

unit: ms
For internal use n
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Technical Details

> Table of Contents
Processing of CQI information 1/2

> Main Menu

* DL AMC delivers processed CQI values to DL scheduler with PRB/RBG granularity
* Triggered by new CQI reporting received from OLQC

*CQlI values for PRBs/RBGs for which
no CQI reporting has been received

— 1f only wideband CQI is available, no CQI processing is necessary

— otherwise, proceed with CQI processing in order to map CQI values to PRBs/RBGs for which no
frequency selective CQIs have been reported

*Wideband CQI per code word

*Frequency selective CQIs per code
word

* Assumption:

For internal use ' S n
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Processing of CQIl information 2/2

*  Algorithm:
1. Map wideband and frequency CQl, (X,t) CIR;(x,t)
selective CQIs to CIR values
CQI, (X, frep,t) CIR; (X, f,ep,t)
2. Calculate CIR for remaining PRB/RBG:
: N *CIR(x,t)— > CIR(x, f,,,t)
y CIR(x, f )= Trep
. ( no_ rep ) N — N
. where:
. N - total number of frequencies (i.e. PRBs or RBGs/sub-bands, subject to configuration)
. Nrep - total number of available frequency-selective CQI reports

fmo_rep - frequencies for which no frequency-selective CQI report is available
Map this CIR to CQI

4. Provide DL-Scheduler with originally UE delivered frequency selective CQIs and recently calculated
CQIs for remaining frequencies

For internal use ' S n
o1 MBB CS Network Engineering © Nokia Solutions and Networks 2014
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Configuration Management

Abbreviated
NELE

dlamcEnable

iniMesDI

dlamcTHistCqi

52

Description

Enabling/disabling dynamic DL link
adapatation

Initial modulation and coding
scheme

Timer for the lifetime of historical

CQl

For internal use
MBB CS Network Engineering

Range/ Default
Step Value

Boolean

(true, false) true

0..28,
step: 1

0..1000,
step: 1, 1000
unit: ms

Recomendation

It is highly recommended to enable link adaptation, otherwise iniMesDI
Is used all the time

*In case if DL AMC is disabled — this is the only MCS used in the cell.
Otherwise, the value reflecting the minimum MCS shall be set

«iniMcsDl is applicable only if both, dlOlgcEnable and dlamcEnable are set
to 'false’.

*Low value (1-250) = not recommended, MCS will be quickly reset to

iniMesDI

*Medium value (250-750) =» Shall be adjusted accordingly to environment:
*Lower value = quickly changing conditions, high UE speed, low
fading dominating
*Higher value - Low UE mobility, high fast fading

*High (750-1000) = timer impact on historical CQI is practically disabled

; n
© Nokia Solutions and Networks 2014 )



Configuration Management

Abbreviated

Name Description Recomendation

*Must be true if di64QamEnable=false

Parameter controls if DL-AMC is ble / *If set to false, iniMesDI can be set to 9 at maximum
enableDI16Qam allowed to select 16QAM ?jri]:ab?e enable
modulation for PDSCH. *Enabling this parameter is required to achieve high cell throughput

*Should be disabled only in special cases

*Must be false if enableDlI16Qam=false

_ _ *enableDI16Qam must be set to true if this parameter is set to true
Parameter controls if DL-AMC is

dle4QamEnable allowed to select 64QAM %?::tlg?e/ enable If set to false, iniMesDI can be set to 16 at maximum
modulation for PDSCH. : . : : . .
*Enabling this parameter is required to achieve high cell throughput
*Should be disabled only in special cases
CQI compensation value for UE -10..0
cqiCompSmRi10l reported RI=1 while MIMO mode step: 0.1 -3.0 -
setting is 2. unit: CQI step
CQI compensation value for UE 0..10
cqiCompTdRi20l  reported RI=2 while MIMO mode step: 0.1 3.0 -
setting is 1. unit: CQI step

i |
For internal use )
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dlamcEnable =TRUE dlamcEnable = TRUE dlamcEnable = FALSE
dlOlqcEnable =TRUE dlOlqcEnable = FALSE dlOlgcEnable = TRUE

‘Reqular” link

adpatation with
activated inner loop

component for the
mapping from
corrected CQI to
transport format and
with activated outer
loop component for
control of BLER target
on 1st transmission via
CQI offset being added
to reported CQI
(reported CQI + CQI
offset corresponds to
corrected CQI).

Pure inner loop Pure outer loop
component based link component based link
adaptation. Reported adaptation (BLER on
CQl is mapped directly 1st transmission

to the transport format, controlled ). CQI offset

the BLER on 1st is added to the O&M
transmission Is not configurable inital

controlled. MCS; the results is
AMC fully relies on then mapped into a
UE COI reports transport format

For internal use
>4 MBB CS Network Engineering © Nokia Solutions and Networks 2014

dlamcEnable = FALSE
dlOlgqcEnable = FALSE

Fixed O&M
configurable value for
initial MCS is used for

the mapping into a
transport format.
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DL AMC in TTI Trace

CQlI reports are the preferred
choice. Periodic reports also
have sub-band reports. )
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1020 rimo | 7.E22E1T1ES MewTs MewTH ACKE P\.CK G!F'SK QFSkK 1 3 5 3 645 545 50 7
1020 &alue gjgce“@g MMimo | F.F2IETIESS MewTs Pew T ACKE QFSE [ E] 5 5 543 543 50 7
1020 srrmMﬁ'W@ :m?a%;gm mo 0OIRITHhD, rdlvhmoRlAgermg L] romnddow 'éelta wre) i rrﬁﬂWmoRQF*SK & 14 & 3 645 645 50 z
1021 ? é ém:-'ssas 4 12 5 5 543 543 50 7
1021 /Flll'lel’sﬂ ate when RI v ue:=issmissing and rrmMimoRi > mimoOIRIThD: - GFsk QFSk 3 1 & & 645 645 50 7
1021 [ E7ERTAINE Lo T Lo T el FTei’a CIE Sk fe1=3=1"4 [ 12 E B E45 E45 50 7 TR O

If no new CQI values were received for a scheduled UE, the MCS shall be determined from the

latest available CQI information not older than T_HIST_MCS DL; if T_HIST_MCS_DL is already
For internal use exceeded, the initial MCS (determined by INI-MCS_DL) shall be applied. ‘ n
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Deployment Aspects
DL Fast AMC graphs

59789

from 0-15

UE sent WB Cqi ranges

> Table of Contents > Main Menu

|

v

rage WE CQI CW1 per cRnti

MAC DL Throughput (Mbps) per cRnti

MIMO CQl per cRnti

59759
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e Throughput varies according to chosen TBS, 77777

B0.00 which in turn comes from mapping MCS

. (given by LA) and PRB (given by DL-S)
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Appropriate TBS is picked to fulfill

chosen code rate

DL MCS id per cRnti

DL TBS (B) per cRnti
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k ,,,,, varies with radio conditions
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DL Link Adaptation dimensioning

*  RAN Dim supports link budget calculation for either manual or optimized MCS setting for
given throughput requirement

Method for modulation and coding scheme User Defined Optimize
Modulation and coding scheme (Optimized) = 5_QPSK
Modulation and coding scheme (User defined) 1_QPSK -

* Capacity figures used in the tool, were obtained in the product aligned system level simulator
with full DL-AMC implementation

DL basic effects impacting MAPL
. Major effect (dominating)
Downlink Minor effect (usually no impact)
p— . . No impact at all

MCS selection is mainly determined by LOWerMES .
the required SINR (usually the lowest r'd
possible MCS is chosen). Higher number of allocated PRBs

Lower FDPS gain No change in power per PRB Lower turbo- —» | Better SINR

* * coding degradation *
Lower MAPL No change in MAPL Better MAPL

For internal use I_b n
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Base station capacity, site count

* LTE Link Budget is limited by uplink in most of the cases, therefore DL AMC settings
manipulation will not change site count number resulting from link budget calculation

* Preventing the using high MCSs, may lead to higher UE battery consumption

For internal use ] S n
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DL AMC - performance counters

LTE cell load measurements family (M8001) and cell throughput (M8012), can be used to verify DL-
AMC performance

With such counters, histogram distribution of usage per every MCS can be drawn for every cell (next
slide)

Abbreviated Name Description Comment
PDSCH_TRANS_ USING_ MCSxx The number of transmissions on PDSCH over the measurement period using MCSxx Uiz c0l:|nt.er s update.d el [IES.05 e et
- - - transmission. SIB, Paging and RA response excluded.
This counter will be incremented 4 times before
PDSCH_TRANS_NACK_MCSxx The number of unacknowledged transmissions on PDSCH using MCSxx TB_BAD_PDSCH_MCSxx will be increased

This counter is updated when the maximum number

number of unsuccessful transmissions on PDSCH using MCSxx
. of HARQ retransmissions has been exceeded for the

TB_BAD_PDSCH_MCSxx . : . .
= —PDSCH_MCS Only not transmitted TBs exceeding max HARQ retransmissions are considered.

TB.
volume (kbytes) of MAC PDUs on PDSCH transferred by using MCSxx This counter is updated when MAC PDU is
T8_VOL_PDSCH_MCSxx The volume of MAC PDUs is considered. scheduled. Retransmissions are included.

The counter is updated in each TTIl scheduling period
when bundle NACK received on PDSCH using bundle
size yy from MCSxx

The number of negative acknowledged transmissions with bundle size yy using

TB_BUNDyy_NACK_PDSCH_MCSxx MCSxx on PDSCH.

a
For internal use )
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DL AMC - performance counters

*  MCS usage from exemplary customer o 1 PL-MCS usage and effective ,coding rate; o4
network shows that MCS11-MCS20 are o
used the most 03
. ] 7
* MCS9 is used rarely, because CQl’s 03
reported within its range (~9) are _© g
mapped to MCS10 = 028
= o
3 o
S 4 - 02%
a 2
1.0 . 3 i
09 4CQ_|AL5_Ef_T_EELBLe_CDﬂE_I’_aIE7: 01
0.8 / 2
g:; e 1 - 0.1
05 / 4y
0.4 / p [ cQio4=98 0 ! o0
02— A peareast SEEEEEEEIIOULOU0L0UCoieaedgety
01 — = -
0.0 : ; . . . . . . - Effective coding rate (code rate /
0 2 4 6 8 10 12 14 16 moaulation order) plotted for 3
CQl PDCCH symbols and 5 PRBs

|
For internal use ] S n
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LTE1034 - Extended Uplink Link Adaptation
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Uplink Link Adaptation

Uplink Link Adaptation consist of AMC and ATB

UL Adaptive Modulation and Coding (UL AMC) which selects appropriate MCS
for UL transmission taking actual transmission reliability (BLER). UL-AMC is split
into:

Inner Loop Link Adaptation (ILLA) — slow periodic AMC

Periodic ACK/NACK information is used for calculating BLER (Block Error Rate) after 15t
transmission or sth retransmission

Quter Loop Link Adaptation (OLLA) — event-triggered aperiodic AMC

[
Periodic ACK/NACK information is used for calculating BLER after 1st transmission of a Transport ‘L
Block in order to derive a compensation factor RL10 UL LA

Adaptive Transmission Bandwidth (ATB)

responsible for defining maximum number of PRBs that can be assigned to a
particular UE by UL SCH

At call setup, starts with default initial number of PRBs defined by O&M parameter

iniPrbsUl
Selecting
MCS msx of
number
adjustment PRBs L
RL30 E-ULA

For internal use ] S n
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Introduction
Uplink Link Adaptation - history

> Table of Contents > Main Menu

NEWURIIMKIANNKIAGU aPIAati 0N CONCEPHNEASTIBEENNTNIOUUCEMNNTRIESO

@-10 UL LA

/L30 E-ULA \

« OLLA

* ILLA

 SIoWATB
PHR based

« OLLA
 Remains unchanged

o |[LLA
 Not used when E-ULA is active

 NewATB PHR and BLER based
algorithm

For internal use
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Introduction

> Table of Contents > Main Menu
Extended Uplink Link Adaptation motivation 1/3

ESUIFATCOpESThEERWIThIEXTTEm e VIR O WERCONOISSEINGs

* SlowATB algorithm, PHR-only based, acting independently from the other two algorithms (Slow AMC and OLLA) in

certain condition react too fast reducing drastically the BW allocated to a UE not allowing taking advantage of the
full range MCS adaptation.

* The bigger the path-loss is the more number of PRBs is reduced and the higher the MCS level is selected.

* A new Uplink LA concept has been then developed and investigated following Shannon‘s principle in order to
better cope with these extreme settings in power control.
K

SIowATB is affecting drastically the
UE throughput

The pink line shows ATB drastically
reducing the number of PRBs allocated

\to UE
\

UL UDP EVA3 Medium Corrolation

8 8 & &

E-ULA maximizes UE throughput
The orange line shows E-ULA

maintains the maximum number of
PRBs, optimally syhcronized with MCS
setting

pink line = RL10 behaviour noticed in
trials

orange line - expected behaviour by
E-ULA

5 i o 5 10 15 2 >
For internal use : SINR ‘ n
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Introduction

> Table of Contents > Main Menu
Extended Uplink Link Adaptation motivation 2/3

[tIS" MOre efCIeEnt te distiute the pewereverawiderhandwidth (mere PRBS) using IowerriviCs

* If a UE is power limited (corresponding to bad RF conditions)

* This fact is due to Shannon‘s formula for the channel capacity of a bandwidth and power limited
channel.

re efficient

Wider bandwidth Less efficien
(more PRBS)

Lower MCS

Few PRBS
Higher MCS

For internal use n S n
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Extended Uplink Link Adaptation motivation 3/3

¥ It introduces a coordination between SlowATB-Algorithm and OLLA

v SlowATB algorithm becomes BLER based even if PHR is still used in the algorithm.

VIt Improves performances in case of high PO settings (which are required to transmit peak data
rates) retarding the reduction of the maximum number of allocable PRBs and improving consequently
throughput performances (especially when under very low load condition in the cell).

Y It introduces a more power efficient strategy trying, when possible, to transmit with a bigger
number of PRBs and lower MCS level according to the required data rate, this is especially

advantageous with power limitations.

*  The new E-ULA method assumes that in bad RF conditions (corresponding to power limitations, e.g.
at cell edge or with too high PO and alpha settings) the SINR is limited

For internal use ‘ S n
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Interdependencies

Extended Uplink Link Adaptation — interaction with other RRM blocks

Uplink link adaptation is basic feature and it's functionality is
obligatory to achieve optimum radio performance.

It shall be disabled only in special cases (e.g. when static

MCS setting for all UEs is desired)

/

> Table of Contents > Main Menu

Radio Admission Control
(RAC)

L9 RRI

UL Scheduler (UL-SCH)

Scheduler

Uplink Power Control
(UL-PC)

PHR |

Teleceom CRlane (TCR)

(\\ ik Quiality Contrel / LA

N

AT Downlink signalling (DL-
L1L2-SIG)

O&M parameters
adjustment

UL HARQ

Performance
Measurment (PM)

Telecom User Plane

Telecom O&M Plane

Lor intaoral e

MBB CS Network Engineering
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* Basic LTE AMC functionality is affected by LTE1034 in term of change of parameterization for
feature activation.

* Additionally Flexible UL Bandiwdth (LTE786), can limit LTE1034 performance.

LTE1034

Extended Uplink
Link Adaptation

For internal use 1 S n
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Technical Details
Uplink Link Adaptation - algorithm input and output

> Table of Contents > Main Menu

E-ULCA provides transmission settings 1o ether RRIVITBIeEKS

'\I

Measurments:
BLER, PHR

per UE
For outer loop link adaptation (OLLA): *  Transmission settings (to UL SCH)
— ACK/NACK information (from UL HARQ Process) — only changes indicated
= only first transmission of TB — modulation and coding (MCS)
— Inactivity or DRX/DTX Periods characterized by no UL — maximum number of PRBs
scheduling indications * UE PHR configurations
For ATB: (to Telecom C-PLANE)

— indication of UE status scheduled/not scheduled (from UL
SCH)

— number of PRBs allocated to UE (from UL SCH)

— maximum/minimum UL UE bitrates (from RAC)

— UE Power Control Headroom Report (from UL PC)
— Block Error Rate (BLER)

For internal use ] S n
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TeChnlcaI Detalls > Table of Contents > Main Menu
Definitions of MCS for PUSCH

AlVIECrad apisIVICSIacCording torcurrentradiorchannEIfcoNdItenSs

MCS Index Modulation order Redundancy.
Version

* RL 30uses only
MCS 0-20
(QPSK and 16QAM)

* Feature LTES29 (hcreased uplink MCS range)
enables MCS21-24 as 16QAM (Modulation order

4)

25% higher UL peak rate

* Enabled/disabled by parameter aciModulationSchemeUL
* Catb devices are supported with max MCS20 even if

LTE829 is enabled as in RL30 there is no support of 64-
QAM in UL.

by "9563’“96“'3 =
ved y
For internal use b N ﬁ
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Technical Details

UL LA logical structure

INTRIESOIAT B hecomes BILER based toe

Max/Min Compensation:

> Table of Contents > Main Menu

AC,i, ACH;NACHax 1st TB Transmission
Comp. Step Size: Cgepup Outer Loop Ack/Nack /
Link Adaptation ' HARQ N
"M TB Ack/Nack P
Target BLER, MCS _ | l l
€.9. BLER4get—=10%0 v
DG BLER ==
y snik | Averaging Measurements
N Comp Filter
P
N SR Schedul
N cneaqauler,
T Link Adaptation ' NG e
INITIAL_MCS | Power Control,
UPDOWNGRADE_FACTOR | AMC Decision RIS SR ISPTE S PETIE : :
T_HIST, T_INACTIVE | Inee e ———————_ = g
AMC Switching Period T 5\ ' T

o o e o e e ~
\I\_____---
RAC: MAX_BITRATE_UL

MIN_BITRATE_UL : .
ULATB INIPRBs |4 | besesssssssmems==-
ULATB_DECFACTOR
ULATB_EVENTS (Tatg)

UL-PC: PWR_HEADR_UL, UE_SCHEDULED_ UL, UE_PRBs_UL

For internal use ' S n
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Technical Details
RL30 E-ULA concept

> Table of Contents > Main Menu

Withr EEL 0845 he Siprecesses (UIEAM CHUITATBrandr UIS O ECA) that rulethe UL ki Ad apiatieon; Werk
Synchrenized but Independently te each ether.

Eliminate any possibility of BLER target drifting by:
®stopping the SLOW AMC algorithm (ILLA)
®leaving the MCS regulation the OLLA algorithm

OLLA reacts relatively fast when it comes to reduce MCS index
and slowly enough when it comes to upgrade MCS index

1

Therefore OLLA algorithm is unchanged and become
the only one ruling the MCS index up and down

(<>
2

ATB is no longer PHR based but BLER based (with

It will become active only when the OLLA has already
reached the lower possible limit for the MCSindex

PHR correction).

The main idea[¢
3 4
A

Most of all SlowATB is coordinated with OLLA.

This means that SIowATB acts only when OLLA has no
longer margin left in term of reaction.

For internal use
MBB CS Network Engineering
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TeCh n|CaI Deta”S > Parameter section > Table of Contents > Main Menu
Outer Loop Link Adaptation 1/5

OLILATS an apenodic event tiggered algenthmihased en a detection ol fiast channel 'conditions CAangeS

* OLLA is acting on the 1st TBs transmissions and performs following calculation:

MIN(AC(t —1) + Cgtepup » AC max )» for first HARQ feedback = ACK,
AC(t) = 1 max(AC(t —1) — Cgstepdown » AC min ), for first HARQ feedback = NACK,
AC((t —1), for first HARQ feedback = N/A.
AC(tyy) = AC(t e ) = ULAMC_DELTA_CINI.

— DeltaC is called compensation factor
— DeltaCmax and DeltaCmin give upper and lower limits of the compensation factor

— CstepUp and CstepDown are incremental compensation steps sizes, which obey to the following
formula:

1-BLER

_ target
Cstepdown = Cstepup : BLER

target

For internal use l S n
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Technical Details
Outer Loop Link Adaptation 2/5

> Table of Contents > Main Menu

FUGand EDG events guickly adjust MI€Siterchanging radiorcenditions

Fast upgrade ACima

(FUG) of MCS in
case of fast BLER
decrease

i RL10-RL20
P ILLA
i periodic trigger

BLER decreasing

_________________________________________________________________

Emergency
downgrade (EDG)

of MCS in case of

fast BLER increase
Min
5cmin

Range(Stepsize/Granularity)

Default

Description

ulamcSwitchPer 10 TBs, 20 TBs. ..., 500 TBs 30TBs AMC switching Period

/10 TBs
ulamcDeltaCmin 0.0, ...,-10.0/-0.1 -5.0 OLLA minimum Limit for Compensation
ulamcDeltaCmax 0.0,...,10.0/0.1 5.0 OLLA maximum Limit for Compensation

80
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Technical Details

> Table of Contents > Main Menu

Outer Loop Link Adaptation 3/5

Example

* Settings:

BLER target = 10%

CstepUp = 0.2

CstepDown = 0.2*(1-0.1)/0.1 = 1.8
DeltaCini=0

DeltaCmin = -5

DeltaCmax =5

deltaC = deltaCini = 0 EDG will be \
1st unsuccessful 1t transmission gggaelﬁg

= delta deltaC— CstepDown =0- 1.8 =-1.8 DeltaCmin=-5
2nd unsuccessful 1st transmission has been

= delta deltaC- CstepDown = -1.8 -1.8 = -3.6 exceeded
3rd unsuccessful 1st transmission j

> delta deltaC — CstepDown = -3.6 - 1.8 = -5.4 @ l J

* EDG will be triggered after 3 unsuccessfully received consecutive 1st transmissions of TBs.
Note that by such an adjustment OLLA will be able to switch down the MCS after 3 ms (3
TTIs) even if the ILLA reaction time would be rather high with e.g. 30 TBs (~30ms)

81

For internal use
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Technical Details
Outer Loop Link Adaptation 5/5

> Table of Contents > Main Menu

Perermance evaltation in inkilevel simulations

— Settings:

Target BLER=10%
CstepUp=0.1
CstepDown=0.9
DeltaCini=0
DeltaCmin=-9

— EDG will be triggered after:
DeltaCmin / CstepDown = 10

unsuccesstully received
consecutive
1st transmission (10 TTIs)

For internal use
82 MBB CS Network Engineering

UL Throughput vs. SNR; 20 MHz LTE System, RX-Div, AWGN Channel

50000

45000 {Red line — EDG on

. 10% BLER
40000 {Blue line — EDG off Targets of 1st |
35000 Transmission

30000
25000
20000
15000
10000

5000

Throughput [kbps]

SNR [dB]
—— QPSK 1/6 —=—QPSK 1/3 QPSK 1/2
—+<- QPSK 2/3 —*— 16QAM 1/2 —e— 16QAM 2/3
—— 16QAM 5/6 === Thrp. Envelope w/o EDG === Thrp. Envelope with EDG

UL Throughput vs. SNR for 20 MHz LTE System assuming SIMO 1x2 RX Diversity (MRC) with
Incremental Redundancy (up to 3 HARQ Retransmissions). Different MCS Performance presented in
combination with LAJAMC curves with/without EDG (LL Source Josef Forster, 4GMAX).
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Technical Details

> Table of Contents > Main Menu
Adaptive Transmission Bandwidth 1/2

AlBrcalculates maximum numbereifPRBS that ULl 'schieduler can assignitera partcular UE

® Takes into account:

¢ Maximum and minimum bitrates — given by Admission Control and QoS OR by O&M (minBitrateU/ and
maxBitrateUl)

¢ BLER - calculation is based on running average filter acting continuously on all of the incoming ACK/NACK of a
certain UE, the averaging windows are defined by a related O&M the parameter called eU/LaBlerAveWin

¢ Available UE power headroom (as a correction) - based on running average filter acting continuously on all of the

incoming power headroom reports of a certain UE. The averaging period is defined by O&M parameter called
ulatbPhrAvgF

¢ At call setup, starts with default initial number of PRBs defined by O&M parameter iniPrbsUl/
¢ Is synchronized with AMC
° In RL30 ATB is triggered by EDG or periodically

Abpbreviated Name Range efa ote

eUlL aBlerAveWin 1,2 3, 4) 1 Z 54 expressed in number of TTI when UE has been actively scheduled E-
ulatbPhrAvaE 0.0, ... 1.0/0.05 09 Running Averaging Factor for processing filter for Power Headroom

Reports

liniPrbsUI 1,2,..,100/1 10 Reference: _[3GPP-36.213]
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Technical Details

> Table of Contents > Main Menu
Adaptive Transmission Bandwidth 2/2

ATB Bancwiatiasimits
o Bandw|d}bJLm1mnnanmJJnnnian4{E QoS prof”e

— UPPER] Note that with ulatbPhrAvgF = 1 always the last
MAX _B/] power headroom report is used and with )/ (MCS_THROUGHPUT per PRB*(1- ULAMC TARGET BLER)) N\
ulatbPhrAvgF = 0the ATB is disabled and always MCS dependent UE
—  LOWER the initial static 0&M setting iniPrbsUlis used (this Format -23 to 40. throughput under ideal
MIN_B/T| is a second possibility to switch the algorithm off). |/ WCS B*(1-ULAMC TARGET BL radio condltlor]s (0%
— values t Thus value needs to be BLER) assuming a
" linearized fictive allocation of 1
. . .. . PRB per TTI
Bandwidth limita resulting from UE -

—  PWR_HEADR _PRBs(t) = UBNPRBs_UL(t) * PWR_HEADRCUL(Y)

—  RUNAVG_PRBs(n) = (1 - ulatbPhrAvgF)*RUNAVG_PRBs(n-1) + ULATB_T_AVG*PWR_HEADR_PRBs(n)

— last two formulas calculated when both UE PH reporting and number of assigned UL PRBs are available

— MAX _NUM_PRBs =floor( RUNAVG_PRBs)
= value to be recalculated at end of ATB period
= check if obtained maximum number of PRBs fits between upper and lower limits

* UL scheduler is informed about maximum number of PRBs only if this value has changed

For internal use ] S n
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E-ULA algorithm overview

*OLLA verifies BLER conditions and triggers

AMC FUG or EDG events when necessary as in former
MCS adjustment OLLA releases
*Counter isincremented in every TTIl when user
IS actively scheduled
Synchronization e ATB is triggered for:
ttiEventCounter threshold for periodical ATB triggering
(eUlLaAtbPeriod)
OR
SlowATB EDG trigger - /s sent by OLLA when EDG event happens
' and the lowest MCS Index has been already reached.
PRB Therefore EDG cannot further decrease this MCS index.
adjustment In this case OLLA triggers the earlier activation of the
SIowATB process.
Abbreviated Name  Range Default
Next (Stepsize/Granularity)

eUlLaAtbPeriod {10, 15, 20, 30, 35, 40, 45, 50}

slide
euvilLaftbreriod 30
For internal use
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conditions
\

No

Yes
BLER > blerTarget ?

N

OLLA has already set the MCS Index to the
eUlLaLowMcsTh+ eUlLaDeltaMcs (value

Yes

When BLER is lower than the given target an:\

conditions

<

The number of PRBs is increased by factor

eUlLaPrbincDecFactor

When BLER is higher than the given target and
OLLA has already set the MCS Index to the

eUlLaLowMcsTh, while MAX_NUM_PRB is still

Amount of PRBs is decreased by factor

Abbreviated Name

v

Range REINEN
eUlLaLowPrbThr {1,2,3.4,5} ! This shall be always bigger than or equal to redBwMinRbUI
eUlLaLowMcsThr {1, 2, 3,4} ! -
eUlLaPrbIincDecFactor {0.5,0.6,0.7,0.75, 0.8, 0.85, 0.9} 0.8 -
Defines how many MCS indexes above the minimum MCS index are required
elllbelisuics EEREAE KO ASHE e before ATB may increase the amount of allocable PRBs
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Technical Details

> Table of Contents > Main Menu
Resetting the algorithm after long pause between active-scheduled TTIs 1/3

[tISTAECESSAN/ 1o dElNE W IO FEaCt 10 10ng pauses between IiisswhererUET S actuvely scheduled.

* UL-AMC defines already the parameter/timer ulamcinactT for the purpose of resetting the MCS-index
after the expiration of this timer.

* To avoid parameter multiplications those parameters are utilized with a similar function in E-ULA but
in E-ULA instead the algorithm acts as well on the number of allocable PRBs instead of the MCS

Index only. ,
With E-ULA Without E-ULA MCS W
L Start decreasing PRBs would be reset already hereJ
Counter is reset = —
because user is Incrementing = When PRBs decreased to Note
(&)
scheduled counter g initial, reset MCS If numer of PRBs is already
g under the initial value at the
3 time w/amclinactT is reached,
1 y I\ ' I Y T TTls no further action is taken. J
User scheduled . User actively
No transmission scheduled again
- long pause

Abbreviated Name Range(Stepsize/Granularity) Default Description

ulamelnactT 10 ms, 20 ms, ..., 1000 ms / 10 ms 100 ms Timer for Inactivity and DRX/DTX Periods

For internal use
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Resetting the algorithm after long pause between active-scheduled TTIs 2/3

[IFUSeriS stillfner active aiter expiratoen o timer; IS/ reseurcerassigments should be gradually decreased

o If meantime user was scheduled again,
* No transmission — long pause the counter is reset and no further LA
User is not  Wait until counter ulamelnactTis reached adjustment is done
scheduled
Start » When counter reached and PRB > iniPrbsUl —> start decreasing PRBs by eUlLaPrbilncDecFactor

decreasing
PRBs

* When PRBs already at iniPrbsUlset MCS to iniMesUI -

Reset counters and re-
initialize OLLA in case of

<\any recalculation

Abbreviated Name Range(Stepsize/Granularity) Default

iniPrbsul 1,2,..,100/1 10

iniMcsUI MCSO0, MCS2, ..., MCS20 MCS5
For internal use ‘ S n
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Counter reached

Yes Yes

‘ \ I MAX_NUM_PRB = max ( \

I Re-initialize OLLA
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Technical Details

UE power headroom reporting

> Table of Contents > Main Menu

* The UL AMC/ATB delivers to Telecom C-Plane the relevant configuration data for the UE Power Headroom
Configuration

The UE shall be configured to report PERIODIC PWR_HEADR_UL reports. For this the period shall be configured by RRC - if applicable. The parameter
tPeriodicPhr is available from O&M. Also the minimum time period in-between two reports is available by O&M with tProhibitPhr. Event driven Parameter
such as rapid change in path loss shall be set according to dIPathlossChg. Also the latter data is taken from O&M parameter settings.

- So the UE shall be configured as follows by:
— event triggered reporting

DL_PATHLOSS CHANGE = dIPathlossChg with {dB1, dB3, dB6, infinity}

— periodical reporting -
PERIODIC_PHR_TIMER = tPeriodicPhr with {sf10, sf20, sf50, sf100, sf200, sf500, sf1000, infinity}

— report prohibit timer arameter section

PROHIBIT_PHR_TIMER = tProhibitPhr with {sf0, sf10, sf20, sf50, sf100, sf200, sf500, sf1000}

* If the periodic PHR Timer is set to infinity and the DL path loss change, too, then no PWR_HEADR_UL

indications are received during the whole call. Then in this case the ATB stays with the initial static setup
ULATB_INIPRBS.

For internal use ] S n
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figuration Management

— General + ILLA parameters

Abbreviated — Default ,
Description Recommendation / Note
Name P Value
- SemcnonqﬂnnmlMCS MCSO0, MCS2, ... MCS20 MCS5
iniMcsUI Reference:
[3GPP-36.213]
Target BLER for AMC UL o o o o
ulTargetBler Reference: D% ey S0V L 10% Default recomended
[BGPP-36.213]
T Factor to calculate Downgrade 1.0,...... 3.0/0.05 1,20
D g and Upgrade BLER Thresholds
BLER calculation based on 1st TB enable / disable enable q q
ulamcAllITbEn Transmission or all Transmissions Better results are obtained with enable value
10 TBs, 20 TBs. ...., 500 TBs / 30 TBs
ulamcSwitchPer AMC switching Period 10 TBs ILLA related parameter which is not used in case E-ULA is activated
0 ms, 100 ms, ...., 20000 ms / 1000
ulamcHistMcsT Timer for "historical MCS" 100 ms ms *ILLA related parameter which is not used in case E-ULA is activated
Timer for Inactivity and DRX/DTX X 2y 20, =20 LD T 100 ms

ulamclnactT 10 ms

Periods

>N
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Configuration Management able of Contents Aain
UL LA — OLLA parameters (o7 Tebiectronients | [ e Mamhend

Default
Value

Abbreviated

Recomendation
Name

Description

OLLA minimum Limit -5.0

ulamcDeltaCmin for Compensation 0.0, ...,-10.0/-0.1

The difference beteween those two parameters shall be big enough
to accommodate variance of deltaC, which is impacted by

. i . 5.0 ulamcCStepUp
ulamcDeltaCmax OLLA maximum Limit for Compensation 0.0, ..., 10.0/0.1
| DeltaCini T N SRV 00. . 10.0/041 ; The default value is recomended, since marginal parameter impact
HEEDEl e P R is expected to values other than 0
OLLA Compensation Step size Up (Step 02 Increasing the vqlue' to higher than 0.55 leaving the default for_
ulamcCStepUp size Down is calculated accordingto 0.0, ..., 2.0/ 0.05 ' ulamcDeltaCmin will cause unstable system performance lading to
o & excessive MCS downgrade events triggered by every NACK
4 20 step down
With CStepUp>1.1 MCS will be p |
downgraded with every NACK 15

even if the DeltaCmin = -10

c
(minimum possible value) 2
LB - T
& :
/ 5 : NOfe
OLLA Default value of DeltaCmin = '5, EEEEEEENN : 10% BLER |S aSSumed
therefore with CStepUp=0.55 . ’
MCS will be downgraded with : : | |
every NACK 0 - ' '
\_ 0.0 0.5 1.0 1.5 2.0

For internal use ulamcCStepUp
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Configuration Management
UL LA — ATB parameters

Abbreviated N Default :
Description Recomendation
Name P Value
Selection of initial Bandwidth at Call High allocation is recommended for the initial transmission, as long
iniPrbsul z‘;tf‘;';’ence, 1,2,..,100/1 10 as it would be quickly decreased, when not needed. Following the E-
[3GPP-36.2 213] ULA principle low value may cause inefficient transmission.
The parameter is no longer valid with RL30/RL25TD onwards where
ATB update period in multiples of AMC 1

1,..,50/1 ILLA algorithm is not used anymore and eUlLaAtbPeriod replaces
that parameter for the calculation of ATB period

ulatbEventPer

switching periods and EDG/FUG events

Running Averaging Factor for 0.9
ulatbPhrAvgF processing filter for Power Headroom 0.0,....,1.0/0.05 ’
Reports

i
For internal use b
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Configuration Management
UL LA - PHR

Abbreviated

Name Description

Trigger Condition for Power Headroom
submission due to Downlink Path loss
dIPathlossChg change
Reference:
[3GPP-36.331]
UE configuration for sending periodic
power headroom reports (PHR)
Reference:
[3GPP-36.331]
Minimum Intermediate Time within 2
consecutive Power Headroom reports
tProhibitPhr controlled by Prohibit Timer
Reference:
[3GPP-36.331]

tPeriodicPhr

PHR

For internal use
94 MBB CS Network Engineering

dB1, dB3, dB6, infinity 3dB
sf10, sf20, sf50, sf100, _
sf200, sf500, sf1000, 20 Ms =sf20
infinity

sf0, sf10, sf20, sf50, 0 ms = sf0

sf100, sf200, sf500,
sf1000

© Nokia Solutions and Networks 2014
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Abbreviated
NEllE

actUILnkAdp

eUlLaAtbPeriod

eUlLaPrbincDecFacto

r

eUlLaDeltaMcs

Description

Activates Uplink Link Adaptation and defines Link
Adaptation mode

When set to "off" no Uplink link Adaptation function is active at
all.

When set to "eUlLa" the new extended Uplink Link {off, slowAmc,

Adaptation function is activated. SlowAmCATB,
slowAmcOlla,

The other choices allow to configure the old UL Link slowAmcOlla

Adaptation functions as it was up to RL20 so by "slowAMC"  ATB, eUILa}
only old SlowAMC is activated, by "slowAmcOlla" the SlowAMC

and EDG and FUG are active, by "slowAmcATB" only old

SlowAMC and SlowATB functions are active and finally by
"slowAmcOIlaATB" all the 3 old function are active together as

up to RL20 Adaptation and defines Link Adaptation mode

When not externally triggered by Outer Loop Link Adaptation

(OLLA), the Adaptive Transmission Bandwidth (ATB) gl()0,3155, 4200’ -
algorithm will be activated when the amount of TTI events 50’} T
here defined has been reached

Incremental and decremental factor for the Adaptive

Transmission Bandwidth's calculation of allocable PRBs

Multiplying the amount of PRBs by this factor the total amount of 00755 00% 0.7
allocable PRBs is decreasing. 0.85.0.9]

Dividing the amount of PRBs by this factor, then the number of
allocable PRB is increasing

Defines how many MCS indexes above the minimal MCS
index are required before ATB may increase the amount of Ql} 2.3.4.5
allocable PRBs

Default
Value

eUlLa

30

0.8

Recomendation

E-ULA is recommended from RL30/RL25TD onwards

Usually OLLA triggers necessary PRB adjustment by ATB if
needed, therefore the counter has no major impact on the
network performance.

Parameter determines how quickly PRB limit is
decreased/increased, when MCS has been already minimized

11
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Abbreviated

Name

eUlLaLowPrbThr

eUlLaLowMcsThr

eUlLaBlerAveWin

Minimum number of PRBs assigned in
uplink
Defines the minimum number of PRBs which
may be assigned to a UE scheduled in UL
when LTE786 Flexible UL Bandwidth feature

in uplink is enabled

Description Recomendation

Defines the lowest possible ame-

allocable PRBs 1
{1,2,3, 4,5}

This shall be alw=;s"pigger than or equal to

redBwMinRbUI

Defines the lowest possible MCS index

before Adaptive Transmission 1
Bandwidth (ATB) algorithm may act and 1.2,3.4

decrease the amount of allocable PRBs.

The new feature takes into account BLER measurements. L1/L.2 HARQ process
periodically submits the UE specific Ack/Nacks for both 1st TB transmissions and
all TB transmissions (including also retransmissions), which result in a BLER level.
To make it stable, the calculation is based on the running average filter.

If the BLER has been derived from the 15t HARQ transmissions only, i.e. the BLER
does not take into account any HARQ gains achieved by soft combining. If the

Averaging window for BLER in E-ULA. BLER has been derived from all TB transmissions (ulamcAllITbEn = true) the
It is expressed in number of TTI when el 2,3, 4} 1 HARQ gain is included leading to small decision errors.
has been actively scheduled E-ULA. However, the BLER calculation window get much more reqular and stable by

taking into account all TB transmissions.
Short window (<20), can lead to unstable BLER and UL Link adaptation =>
frequent MCS changes.

Parameter is expressed in number of TTI when UE has been actively scheduled E-
ULA.

>N
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Conflguratlon Management > Table of Contents > Main Menu
Parameters deleted RL30

With implementation of E-=ULCA'Seme parameters istnerlongeravailakle

Abbreviated Name Description

O&M switch for enabling/disabling the whole uplink Adaptive
ijon and Coding functionality and use an initial UL MCS

isabling the 1st transmission BLER
based Eme nd Fast Upgrade functionality
included in the UL A nk Adaptation.

O&M switch for enabling/disabling the uplink Adaptive
Transmission Bandwidth (ATB) functionalities. ATB is based on
Power Headroom Reports (PHRSs) from the UE.

For internal use n S n
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Configuration Management
E-ULA activation

> Table of Contents

RParameter actUl tnkAd practvates LinkiAdaptation and defines s moede

> Main Menu

actUILnkAdp

RECOMMENDED
NEW DEFAULT

slowAmc

PHR based

BLER based

slowAmcATB

slowAmcOlla

slowAmcOIllaATB

CCX X

For internal use
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Deployment aspects

ATB in TTI UE delivers (enb configured) Power Headroom Reports to the eNodeB,
which are processed there in UL PC and UL ATB functions. UL ATB is
derived from selected MCS according to radio conditions (by AMC) and
QoS information MAX_BITRATE_UL, MIN_BITRATE_UL commanded by
RAC as well as UE Power Headroom information delivered by UL PC.

Only when changed, UL Scheduler is
informed by slow UL AMC/ATB about
the maximum Number of PRBs per
TTI (MAX_NUM_PRBs per TTl is
only an upper allocation limit and UL-
S can reduce it).

_ _ mcsindesn kb= numbles numles numldes | numles tokal First numiCF rrm rrmifslum it U rrmilcs rrmiTlax
=i B Chinti D SretdEets || e | meElEiEm | ™ mrep [Eytes) Cs Cs3L|stl Td l Fd Proswail | slocPre | Prosailos | Deras | OfTrans N_?rcaknes'd Switches FumPrbs
=77 z ATEG T Tlew T MACE 4 CIFSK ] 261 4 ] 4 £ [E 10 [E E 2% = ] E] 14
277 4 ATEET FieTsa: 1 ACK 3 QFSK ] 261 4 0 4 13 10 1z 14 24 4 i 3 14
277 E ATEET MewTs ACK 1] QFSK E 17 4 i 4 z . 14 21 1 ETi] 1] 0 1] E 11
a7y 7 ATEET FeT:: 1 ALK 1 QFsK 10 ZE1 The format of PWR ‘HEADR: UL is -23 to +40 = 1z 0 i a i 3 11
27% 0 ATEET FieTsa: 1 ACK 4 QFSK ] 261 4 ot T 1 @ [E 26 z 1 1] E 11
a7e & 47EET FlewTs ACK z QFSHE a 17 dB in steps bf 1dB If it Is positive thng UE 21 1 24 5 1 i 12 14
=7% 7 ATEET MewTs MACK 2 QFSK E 233 i . i @ 1 24 3 1 1] 1z 11
=7% E ATEET MewTs ACK 5 QFSK E 17 han:St_I” pOV\gEI‘ reserye ava"@ble’ if it Ig @ 1 24 3 i 1z 11
a7 1] 4TEST MlewTH MOICE [ QFSK a 233 neglatlve then UE runs out oﬁpower. 13 k] T =T E 1 i} 12 14
EYE] z 4TEET MewTy ACK 1] GFSE 4 17 4 i 4 z 13 % -24 3 1 ] 1z 14
EYE] e 4TEET MewTy MACE 1 GFSE 4 233 4 E 7 1 ] 1z 14
---gF9--f--- F--—|--AFE5F - - -FeFut-r--AEK--4--- F--1-+ @PSK - - - - a---1--- 235- - - - - 4---F--F--J---4--4---8---F--—-f@---4--- =+ -----= F---F---= & ---4--- o ------H 12 - —= “t4—— =1
H EYE] T 4TEET MewTy ACK 5 GFSE E 15 4 ] ] 25 |
TTTEYE T g T TdvEsT T T ReTw T T T TACET T T T 5T OFSE T T T E Eicc R E O D A T < D R - It e i D - T R R Y B B =l - =
EYE] 4 4TEET MewTy LLOCEK FT=t=ts 1 A 25
220 i 4TEET MewTy i] . = 217 4 [ 4 RE 4 . iE 25
520 1 47657 ReTs: 1 Slow UL ATB shallact in line:(synchranously) with slow UL AMC: by slovéy adapting the control interval 25
220 z 4TEET MewTy R : - TP 4 iE 25
Son 5 sresr  rewrs | limits of the ATB with multiples of ULAMC_SWITCH_PERIOD. The multiplicity is givenby & . b
850 5 4757 NewTs ULATB_EVENTS'O&M parameter. Note that after every’'EDG artd FUG event the'slow ATB:limits have-to 29
220 = 4TEET MewTy - & . g 217 4 il .4 é . 4 25
820 7 47657 ReTs: 1 be.recalculated independent from ULATFB_EVENTS settings sinee the MCS might:have changed. 25

KATB shall be based on a running average filter (O&M parameter ULATB_T_AVG) acting continuously on all of the incoming power headroom reports of a UE. PWR_HEADR_UL is tightly coupled
with the UE allocation of a certain TTI. Therefore UL-S indicates to AMC/ATB whenever the UE is scheduled by UE_ SCHEDULED_ UL and gives the number of allocated PRBs by UE_PRBs_UL
(From Step 2.3 of UL Scheduler slides)
*ATB stores UE_PRBs_UL and transforms PHR is into equivalent number of PRBs: PWR_HEADR_PRBs(t) = UE_PRBs_UL(t) * PWR_HEADR_UL(t) , where PWR_HEADR_UL is leniarized.
*The running average filter (acting continuously on all of the incoming power headroom reports of a certain UE) output is given by

*RUNAVG_PRBs(0) = ULATB_INIPRBSs ,or,

*RUNAVG_PRBs(n) = (1 - ULATB_T_AVG)*RUNAVG_PRBs(n-1) + ULATB_T_AVG*PWR_HEADR_PRBs(n).
*At any ATB decision point, the present value of the running average filter is read and MAX_NUM_PRBs is set to a rounded integer value by:

*MAX_NUM_PRBs = floor( RUNAVG_PRBs ).
*if MAX_NUM_PRBs < LOWER_LIMIT_PRBs, then MAX_NUM_PRBs = LOWER_LIMIT_PRBs, where LOWER_LIMIT_PRBs = MIN_BITRATE_UL (given by Admission Control and QoS) /
(MCS_THROUGHPUT_per_PRB*(1-ULAMC_TARGET_BLER)).
*if MAX_NUM_PRBs > UPPER_LIMIT_PRBs, then MAX_NUM_PRBs = UPPER_LIMIT_PRBs, where UPPER_LIMIT_PRBs = MAX_BITRATE_UL (given by Admission Control and QoS) /

MCS_THROUGHPUT _per_PRB*(1-ULAMC_TARGET_BLER))
FOor mternar use
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Deployment aspects
E-ULA in TTI (1/3)

All TBs (ULAMC_ENABLE_ALLTBS = true) are
used for BLER calculation, so that HARQ gain

achieved by soft combining is included leading to
small decision errors and more stable and regular
BLER calculation.

LTE MAC updates running average filter bit mask (rrmEUILaBlerBitMask)
telling amount of NACKs for recent transmission on UE basis. Bit mask is
moved and set every TTI based on received HARQ feedback. the
averaging windows shall be defined by a related O&M the parameter
called eLAULBIlerAveWin (30 in this case)

Time ¢ ; nd Enti erfd kT ack, h I Aulati mzslndes th= tatal numizF =sinr rrm rrmifJurm "ENLLmdDF rrmifcs FHE rrmif=1ai
[h:min:sec:ms] =th ==tn e SNt fium Aachilac ArqRAIm ] maduiation ITFI [Eyres] Frosvsil | Prosanoe | Pusch Dieltac: OFTrans T"{'Zn"; Switches MumFrhs
- - - - - - - - - - - - - - - - - - - -
142506395 za3 3 Z561 Z5190 TlewTs BCH 3 CF Sk 5 533 T 15 1 e z7 ] 5] 50
14:25.06:396 z94 i 2561 25190 PMewTs ACH 4 QPSE 5 533 43 43 1 45 za 0 39 ] 50
14:25.06:397 za4 1 2561 25190 PewTs ACK 5 QP Sk 5 437 4z 40 3 43 23 0 50
14:25.06:395 za4 z 2561 25130 MewTs MACK 3 QP Sk 6 621 48 45 0 50
14:25.06:399 z94 3 2561 25190 MewTs MACK 7 QPSE [ g21 4z ] 50
14:25:06:400 za4 4 2561 25190 PewTs MACK 0 QP Sk 5 621 4z PHF§ reports ahe used t§ speed ug PRB allogat'on unogr 0 50
14:25:06:401 a4 5 2561 25190 FlewTs ACE 1 QFSE 5 621 45 special condition. Like in RL20 slow ATB, arrunning == ] 50
14:25.06:402 z94 5 2561 25190 MewTs MACK z QPSE [ g21 4z 3 ] 50
14:25:06:403 za4 7 Z5E1 25130 PlewTs MACK z OFSKE E g21 a4z aVej%ge filter bUtpUt gM%S MAXNG)MPRB PE'|R to el—é 0 50
14:25.06:404 za4 & 2561 25130 MewTs MACH 4 QP Sk 6 621 48 39 0 50
14:25.06:405 z94 3 2561 25190 MewTs MACK 5 QPSE [ r + - 1 39 ] 50
14:26.06:406 zag i 2561 26140 Fre T 1 ACK & OF Sk 3 No PRB reduction, smce@EDG is trlggered bJ.ﬂHOWGSt 2 z 33 0 50
14:25:06:407 zas 1 - - ; : : - . - -
14:25:06:408 295 F] Z5E1 OELA reduces'MCS because of EDG just like E MC%ZQ not yet-!-EeaChed éee ATB tqlgger #2 Qp next i (1] 3 39 1] 50
14:25:06:403 295 3 2561 251% 1 5 slldessNelther |seeUILaAtbPer|od explred for RTB 1 4 40 o 50
14:25:06:410 zas 4 Z561 inRL20. Noehange. g 3 12 5 40 a 50
142506411 za5 5 2561 ) FeTeT s 3 & trlgg_ en#1. 43 43 .44 1z & 40 0 50
14:25:06:412 zag & ZEE1 25180 FieTu: 1 ACK I 3 621 Fr) 1= - 14 7 40 ] 50
I, ¥ T E L g " S —— - I p—— T epepp———— FeTFut - - - —AEHK B - - - - PSS - -H---4--- [ [ s TS — 48-— - pr------ EFR————— A ———— T S ——— [y p——— sa--,
2506414 zas E: 2561 25130 PMewTs ACK 3 437 43 43 1 Az 14 7 41 i} 50 |
“REEUEATS | e Tt - Il i paal FeTa® |- ACE- TS F T mPSK - - B~ T - 5 I s il e ET: el aiiaie i It e T (T it o aliuiais et S Tl i (i it e 50 -
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mesoeel. UE being in bad RF goes to worst RF conditions .. 1 H 357 sz \ 40 3 -10 15 7 41 o 50
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125064~ SetMAX_NUM_PRB.= MAX_NUM_PRB * eUlLaPrbincDecFactor i‘ 48+0,8-40] | Fon 16 o 1 3 it 7 a 3 50
Egggg 33 //asza'alculateg in RRM4066 for tﬁ@@lowATB filter-input 4 437 43 :g } E }; ; :: g gg
142506425 GEi‘gg/laxNumPR B égﬁ? [say x, ﬁlﬂﬁe this is notishown in tti trace But calculated mternally as OQ?RLZO Ai%] 48 1 = 18 7 4 ] 50
425954 MAX'NUM_PRB = max (MAX_NUN._PRB, MaxNumPRB_PHR, eUlLaLowPrbThr) [= max0Xy=40] s ! 0 20 : s 0 0
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H H H ew
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For internal use [ the amount of allocable PRB based on eUlLaPrblncDecFactor

SlowATB algorithm based on BLER situation shall increment or decrement

LTE MAC calculates actual BLER:
rrmEUILaBler = rrmEUILaNacksInAveWin /

MBB CS Network Engineering
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Deployment aspects

E-ULA in TTI (2/3)

> Table of Contents > Main Menu
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142339783 248 4] 2681 43275 PlewT: [ =] CIFSE 1 13 45 25 -3 12 1 1] 35 a 25
14:23:38:7584 243 E 26E1 45276 Mlew T MACE E EIFSE 1 13 43 25 -3 14 2 1] 35 a 25
142339785 a48 T 251 48275 FlewTs A T ZIFSE 1 1z 43 25 -2 -4 e} 1 el a 25
14:23:39:78E E=L ] 2 28E1 42275 FeT::1 AT u} EIFSE 1 1z 43 25 -3 -2 3 1 i a3 Z5
14:23:39:7587 243 a 25E1 45275 Plew T MACE 1 EFSE 1 13 43 25 -4 -2 5 i =1 | 5}
14:23:39:7485 a43 1] 2561 458275 FeT::1 ACK 2 EFSE 1 13 43 25 -2 u] H . H H =}
1423397583 2439 1 25E1 48275 Ml Ta FJo R 2 ZIFSE 1 1z 42 25 -2 = AT(:]B|$-rlgge|\;|gé Whoen E%B II"S] t:;;ggéred 35
1423309730 243 2 2hE1 12475 fl . 1 GIFSE 1 1z 43 25 -4 -16 and lowest l.e. IS reache a3 =}
14:23:39.781 243 3 2681 431?5 Lowest MCS, threshold is 0 reached GFSKE 1 1z 43 25 A -4 = = 5
14:23:39:742 a43 4 2561 48275 FeTu: 1 ALK 1 -1 -5z 10 4 35 a 25
B e T e L I e - - [ B e e T e e T ey e e R e | [ R T ey L =89--,
: 1423309794 243 E 2hE1 422750 FlewTs ACK u} -4 n] n] 7] 26 3 20 !
MREEEA VAR T T T Eds T T T T T T C =1 e HABEFE T 77 S ELES ACE- 77 "7 T B S (1 e [0 i L e L - e = D 20!
142339796 2439 =] 25E1 48275 FlewTs ATk 2 - -2 1 -] a 20
142339797 243 ] 28E1 42275 FeT::1 AT 3 -3E = T a3 Z0
142339798 260 1] 2581 43275 FeTu:1 LK 4 -36 2 T =] 20
LTE MAC calculates actual BLER:
rrmEUILaBler = rrmEUILaNacksInAveWin /
eUlLaBlerAveWin= 5/30=17% which is > 10%
7~ UE being in bad RF goes to worst RF conditions ... N\
If (CurrentMcs <= eUlLaLowMcsThr and MAX NUM_PRB >= eUlLaLowPrbThr and BLER > blerTarget)
/I decreases PRB amount
Set MAX_NUM_PRB = MAX_NUM_PRB * eUlLaPrbincDecFactor [= 25 * 0.8~20]
/las calculated in RRM.4066 for the SIowATB filter input
GET MaxNumPRB_PHR [say X, since this is not shown in tti trace but calculated internally as old RL20 ATB]
MAX_NUM_PRB = max (MAX_NUM_PRB, MaxNumPRB_PHR, eUlLaLowPrbThr)) [=max(20,x,1)=20]
\e/se do nothing // OLLA only shall act under this condition /
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E-ULA in TTI (3/3)
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[h-rnil-'ur-lsr.neec-rns] =fn eskn cellld =111 trfJum ackhlack harghlum | modulation
-

mc=slnde:
[TF1]

th= tokal numiCIf =inr Irm rrmifdu ":‘:iir:dgf rrmiflic
[Eyte=] Frbawail Prob=salloc Fusch DOeltal= EIfTranS Trans Sl.-.utches

42508089 55 ] 2561 25130 TewTn T 5 oFSk 5 T 4z ] ] E ]
14:25:02:990 553 4 2561 25130 MewTs ACK 5 QFSE 7 137 4z 2 63 E: 3
14.25:02:391 553 5 2561 25130 TewTs ACKE 7 7 137 4z E 3
14.26.03.932 553 3 2561 250 CurrentMcs >= eUlLaLowMcsThr + 7 137 43 ATB Tﬁgger #1: 4Per|0d|c g&hen ttlEv§nt00unte§fg 2 g
14.25:08:993 553 7 2561 7 137 43 eUILaAszerlod (30 here) 27 2 3
14:25:02:994 653 S 2661 25 aoeUlLaD aMss 4::1'>e3 7 5 nr 4z 3
14:25:02:995 553 3 2561 25130 FeTw: 4 OT= 5 2 KT 28 3

443502996 - - BB4 - _ L ___| 0o |-—eEer______ ZE180 - _____ FeTrt - - ACK-— - -4 TFee—__ - -B---L-- Wf_—_|-—_A%_______@ ______q2___L___ Az o__ za 2

| 14:75.08.997 554 1 2561 25130 MewTs ACK 7 0 o

“4ZE0S99% T BSL - - N @0 MawTe [ ACE A R st -l Il | Bt e
14:26:02:999 554 £ 2561 25130 MewTn ACK 7 53 1z
14:25:09:000 554 4 2561 25130 MewTs ACK 7 LTE MAC Ca@UIateS act}.lal BLER: 12
14:25:08:001 554 Z561 25130 MewTz ACK 7 rrmEUILaBler:= rrmEUILaNacksInAveWin / 2 1z

FeTe 3 DT 2 G!F'SK E iy I5 a 6 o0 0 12
/}fﬁéﬁrﬂ&m bad RF goés to better RF condifions ... . . i = N\= L eUIEaBIerAve@Vm 1/30=3% which is < 10%_ b
14 I (BLER —édalerTargét and MAX NUM_PRB < u/Cthamd Cuﬁ'entMcs >s eU/LaLchs Thr # eUlLaDeltaMcs) += 12 n 4 1 E3 2 12
iz 2.005 gqu b % 1 UIL %EE DecELta A 7 185 4z 12 3 1::: 5 1 ) z 12
mcreases; amgunt y tactor eVlLa ncDecFactor, .ﬂ-.l:k: s QF"SK 7 185 43 1z 5 12 & 1 632 z 12
glg\HAX_Nf@M PRB!'= MAX=NUM PRBQF@UILaPrbIHeB'eCFact’b‘?E— 9/ 0.8’~12] SPSE 3 132 :g E E 1; ; : gg g :3
?Zaﬁ calculated in RRM.4066 for the SlowAT# filter input. .. ACE CFSk 7 125 45 1z T 16 ) 1 B3 2 1z
1 1 4z 3 6 18 3 1 62 z 12
! é%%?’“ :u!?laxNggﬁPRB_Pﬁl-lR [5@22 since trgg j§ not shoﬁiﬁ’}rﬁ tti tr@éﬁbut calchlated n@@ﬁjally as Bold RL2q QTB] i 3 - x 3 ! 23 z 2
1+ MAXINUM=RRB = min (max:(MAX_NUM:=:RRB, MaxNumPRB RHR) uIChBW)) [—m@e(lz X 1)F12] 185 43 1z 10 2z 1 1 63 2 12
14254301 185 43 12 1 63 0 12
\\: “else do nothing // OLLA only shall act undeér this congiition 5 GPsk 7 15 ) ! 63 0 2
14.25:08:015 555 a 2561 25130 MewTn ACK 7 QFSk 7 1865 4z 12 1 62 i 1z
14.25:08:018 BRE il 2561 25130 MewTs ACKE i QFSK 7 185 4z 12 1 632 i 12
14.25:09:017 556 1 2561 25130 MlewTs ACK 1 QFSEK 7 185 4z 12 1 63 0 12
14.25.09:018 556 z 2561 25130 PewTs ACK z QFSkK 7 185 I8 1= 1 63 0 12
14:26:08:013 B5G £ 2561 25130 MewTn BT 3 QFSk 7 186 17 1 632 i 1z
14:26:09:020 B5G 4 2561 25130 MewTs o7 4 QFSk 7 1865 RRmumOfTrag's - eULffA updaté‘é; for 18 1 632 i 1z
14:25:03:021 BEE 5 2661 25130 PlewT: OTH 5 QFSK 7 185 NeWTsX mcludumg DTX, but not for RSTX 18 1 63 0 1z
14:25:09.022 556 & 2561 25130 MlewTs OT= 5 QFSEK 7 185 6 20 1 0 12
14.25:09.023 556 7 2561 25130 PewTs OT= 7 QFSkK 7 185 6 21 1 3 12
14:26:09:024 B5G 2 2561 25130 MewTn OTH ] QFSk 7 186 BT 44RRMNumofNack |n| eULLA ubdates for - 1z
14:25:09:025 B5G a 2561 25130 MewTs ACK 1 QFSk 7 185 0 1z
14:25:09.026 557 0 Z561 25130 MewTz ACK z QFSE 7 185 7 4sb0th NeW&rX and RQTX NaCkB%Ut not fOE: 1z
14.25:09.027 E57 1 2561 25130 MewTs OT= 3 QFSK 7 185 a5 4EDTX 25 1 63 i 12
14.25:09.028 557 z 2561 T RN 7 185 13 - " 12
14:26:09:029 65T S 2661 @U”e”t'\"% eUILngMCSTg"’ t ek é . &_ 6 4z 27 1 62 i 1z
14:25:09:030 557 4 2661 51@U|LaDe|taN|=c$ 4 +8>7 3 oz | PRB increaseg: 14 4% % 1 B3 ] 1z
14.25:08:031 65T 5 2561 BT FeTeT g 7 THE a3 4z 3 1 632 i 12
14:25:09.032 __ _ 557 _____ 6o _l__zEm_______ 25180_ __ __ FeTuwd | OTH__ - I —— L Fo o ___13E T - BO___L___ T I I B3______ VR 7,
"14.26:09.033 557 7 2561 25130 MewTs OT= 1 QFSkK 8 277 a8 0 0 1 63 0 15
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Benefits and Gains
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AT&T LTE Technology Trial results
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Tralitests shew inemicient RIELOFAT BT hehavieur:

* When UE Power reaches the maximum,
eNB allocates only 1 PRB in UL,

———UE TX|Power (dBm}

decreasing throughput, when MCS is not N
decreased (always 20) :

15 I

* Avg UL SINR =21.07dB 10 .

BLER ™l OLLA (MCS) —> e —
PHR - ATB (#PRBS) \ . X power varying

according to DL

-10 T T T T T T T T 1T T 1T | N B S R N B B e S e v LI AL LA B B N SINR/RSRP
_
——uL MCS UL BLER (%) # PRBs
20 1 I 100 50
18 20 45
16 I \ 20 40 |!- I "!'
14 . 70 35 B
» | MCSis not co 20 1 PRB
w | changing " <0 »s allocated
v
L 20
8 BLER kept under 0
6 - 30 15 N4
10%
4 - 20 10 |
2 = % V
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Benefits and Gains

Telstra LTE Technology Trial case

Jelstra ehservations
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> Main Menu

* Service contour tests yielded lower than expected maximum allowable TPLs, particularly the
3 Mbps nominal throughput target. Some strange behaviour was observed with throughput to

104

SINR curves

To get a full throughput vs SINR curve, it was necessary to prevent the UE issuing power
headroom reports that approach 0% by fixing attenuation for the DL such that the DL
always had “good” TPL / SINR, while the TPL / SINR was varied independently for the UL. As
a side effect, the normal functioning of ULPC was also interrupted (since the DL path loss

was fixed).

s

L] i + -
1] th 1] th

7
=

e ATB tries to maintain SINR by
b ﬁ reducing number of PRBs

Mol

Hi

1] o o ] 1]
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Fc UL 8 INR
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Benefits and Gains
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RL10 performance explanation - scenario configuration dependency

* UL Power Control parameters (P,, a) for PUSCH
* Scenario type — inter-site distance (ISD).

Strictly

Interference ISD Power limited
limited users users

Solutions internal !

;L Simple extension of the
algorithm which red s
PHR value by ed amount (=15

dB) (PHR shift R&D parameter - it q /m
couldn’t be fine tuned) = oo g .
/"' 9000

* E-ULA - It postpones ATB

RL20

TX power per PRB

[ ]
]

Probahility
[ =]
h

E
i

=]
a
L

1 I — _FB_G30UE_3kmh_ISD1732m_
activation and choose most robust 03 e e -
2= PRB/MCS Conﬁguratlon = e — FB_210UE_3kmh_ISD500m_1T

— _FB_3780UE_3kmh_ISD9000m

2 2 1 0D 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Fower [dBm]

15D [m] PO Alpha
S00 -58 dBm 0.5
1732 -E1 dBm 0.5

_ 3000 -B4 dBm 0.6
For internal use o000 57 dBEm 06
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Impact of PONomPUSCH Setting

AlIBrhehavieur highly depends en UE transmisSIon pewWer

High P, Low P,
« Too low number of PRBs is used with high path loss because » Too low SINR is used close to BTS

ATB tries to maintain SINR

\— UE tx power per 1PRB — UL Tput kbps\

\— UE tx power per 1PRB — UL Tput kbps\

30 30000 30 30000

20 + 1 25000 20 Throughput too T 25000
£ = i
D 10 Throughput too -+ 20000 g S 10 + low V\;ﬁh low - 20000 g
o) i ) ) pathloss <
S 5 low with high path | 15000 % z o | 150005
- loss 8 > E
F-10 + + 100003 ,-10 4+ 100005
-’ oD

-20 + 5000 -20 + + 5000

_30 } L L L L L B B T O _30 } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } } \\\\\\\\\\\\\\ O

80 90 100 110 120 130 140 80 90 100 110 120 130 140

Pathloss dB Pathloss dB

* Default value of P, is quite low (-100 dBm or -96 dBm) and does not provide the maximum peak
rates when close to BTS. It would be better to provide higher SINR values.

* High value of P, reduces the number of PRBs when UE runs out of power.

For internal use I S n
© Nokia Solutions and Networks 2014
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E-ULA simulations
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The simulatneniwith the new algenthmrshows ar UE moeving iem cell'centerrtercell’'edge and hack

107

The figure shows that the
Number of allocated

MCS level per llocated code word + NMumber of allocated PRB per MS and TTI

PRBs are changing only =—
when MCS index has
reached the lowest possible
value and UE keep moviQg
to the cell border, accordin {
with our expectations

UE moving from cell
to cell edge anc

iaUlLaDeltaMcs
% eUlLaLowMesThr
HE'D__’ ~710 m
E -
< :
/~990m E
center *I* | HI N HH
back :

D Distance & time

— LTE-%3.2-01-UL-~4/AaTE_ 003/ FEE&O0T1UE_FB_noFF_noSF_POmO20a10_newSimple@@slow _ath_noCwverr_C exe@hMCSLevelPerCoderyord_fi0dhi=s
— LTE-w32.3-01-UL-4/ATE_002'FEEOOT1LUE_FB_noFF_noSF_POmO20a10_newSimple@slow_ath_noCwerr_ S exe@MNumallocatedPRERPerlUser_fid4k
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* Further simulations for the E-ULLA settings shown, that parameters have minor influence on
the system capacity

* Increasing eUlLaDeltaMcs has shown no effect at all.

*  Changing eUlLaLowMcsTh resulted in small changes only. 3 is behaving worse than 1 in low loaded
cells which can be explained with Shannon.

Cell TP [kbps] -mean-

3000

2500

2000

1500 / === | owl_Deltal
/ — Lowl_DE|ta3

1000 === Low3_Delta3

500

0 T T T T T T T T T ]
0 10 20 30 40 50 60 70 80 90 100

number registered user

Reference [6]
For internal use
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Benefits and Gains

Simulations — Macro3 without CLPC
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10¢

With'E-ULCATmehile gets more PRBs wWhile lewenng the MICSHevel

0.9 4

0.5 -

0.7

0.6

0.5

Pratahility

0.4 4

0.3 A

0.2

0.1

oo 25 5.0
M aximum number of PEE=

5% 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475

MCS level per allocated code word
1.0

0.9

0.5

0.7

0.6

0.5

Probatility

0.4 -

0.3

0.2

0.1

0.0

D..D 2.5 5.0 7.5 10.0 12.5 15.0

M CS lewel

17.5 20.0 225 25.0

— defaults fCHALA_realPHE_eldLA@0 1IFTP_12%WolP&EM C5levelPerZodeWord _swlo pf. e
— FDODjCHALA MacroZ _ 2 kmh fCHALA realPHE _edlaa0, 1IFTP_12WolP&@MCSLevelPerCodeWord _swl O, pof. epw

— FDDJCHALASMacro 2 _2kmhfCHALS slowaAT B_slowaal C_0LLA_realPHR_PHEShift-0@&@0, 1FTF_ 12 olP @M CSlevelPear
— FDDJCHALASMacro 2 _2 kmb fCHALA slowvesT B_sloweaid C_OLLA_realPHRE_PHREShifT-15&@0. 1FTP_12%olP@M CsLewelP o

Red and blue lines represent
simulation wit E-ULA

Green — old SIowATB
Pink — old SlowATB with PHR shift

Results show that with E-ULA
probability of getting more PRB
Increases and at the same time MCS
level is lower

Thus, simulation results follow E-ULA
algorithm assumptions

Macro3 (ISD 1732)
Extreme low load conditions:
0.1 FTP + 12 VolIP user / cell
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Conclusions

v Itimproves performances in case of high PO settings (which are required to transmit peak
data rates) retarding the reduction of the maximum number of allocable PRBs and
improving consequently throughput performances (especially when under very low load
condition in the cell).

v The E-ULA algorithm makes the eNodeB less sensitive to wrong PO settings

v It introduces a more power efficient strategy trying, when possible, to transmit with a bigger
perator
b fi number of PRBs and lower MCS level according required data rate. This is especially
enefits advantageous with power limitations.

= ™

Comparison between
slowATB with PHR shift and E-ULA:

With E-ULA slightly better (< +10%) capacity can be achieved, escpecially in small cells

- J

slowATB gives better coverage specifically in Macro3 cells with low loads.
In general the difference is below 10%.

S -
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VzW RL30 Trial in Dallas

E-UlCAieldverficaten

*  Test Execution

— Single Isolated cell UL UDP drives were executed along main lobe of ATC site in order to measure
performance gain in different radio conditions from E-ULA feature

— Drive with E-ULA disabled was performed with RL20 , however no gain is expected from IAS since
All 3 Scheduling areas were seen to measure the same interference (-119dBm)

Test cases
. ™
P1 Cc31 (Test 51):Link budget drive with only
ATC on air with UL UDP throughput. (E-ULA on)
o /
\

/f
C1 ccX : Macro cell Link Budget Isolated Drive
with UL UDP throughput. No E-ULA

-

For internal use l S n
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VzW RL30 Trial in Dallas: Test cases Executive Summary

E-ULLATfield veriication’ brought expected ERENILS

Objective: Verification of E-ULA and compare the performance of the UE with and without this feature.
Results: Higher gains observed at the cell edge with this feature turned, as expected.

The UL throughput vs. SINR curve is closer to the ETU70 simulation

—>

Higher throughput than

= > «° simulation because simulation
& 20 22 uses maximum MCS of 20
2 - AG e and in Test 51 the MCS goes
5 - AAA:,:- Field_ISO to 24.
10 22 e%s A-Simulation
= “:0 :- -
' Test 51 : Macrocell UL UDP Link Rk
. . A‘A0<>’
budget drive with E-ULA ——o—eo 0000000t oo . ; . ;
Field ISO . Macrocell UL UDP -20 -15 -10 -5 0 5 10 : 20 SINRZ[%B]

Link Budget drive without E-ULA |

In Test 51 the curve is closer to simulation as

compared to RL20 (without E-ULA)

For internal use
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VzW RL30 Trial in Dallas: UL throughput
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This is due to difference
in MCS (24 vs. 20) and

maximum PRB’s which
can be allocated to a
single UE

" Test 51 : Macrocell UL UDP Link
budget drive with E-ULA
Field ISO . Macrocell UL UDP Link
Budget drive without E-ULA I

nsn

|



Benefits and Gains
VzW RL30 Trial in Dallas: UL PRB’s and UL MCS

UL PRB’s

> Main Menu

The difference is because settings for
maximum number of PUCCH PRB’s is
different in the two cases. (Test 51 = 2,
Field 1SO = 6)
Max PRB’s available for Test 51 is 48 and
for Field I1SO is 40.

Maximum PRB’s allocated for
longer time in Test 51 in sync with
E-ULA.

==@==TFjeld_ISO === Test51

The E-ULA gain at cell edge because
information is now sent with lower MCS and
higher PRB’s

10

" Test 51 : Macrocell UL UDP Link
budget drive with E-ULA
Field ISO . Macrocell UL UDP Link
‘ Budget drive without E-ULA

e=@==Field_ISO === Test51 . . S n
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VzW RL30 Trial in Dallas: UE TX power and UL BLER

UE TX power

T T
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==@==rFjeld_ISO ==l=Test51

0.9
o8 UL BLER = Field_ISO
0.7 - Test51
0.6
* . o 0.5
est 51 : Macrocell UL UDP Link o \ A
buadget drive with E-ULA 0’3
Field ISO . Macrocell UL UDP Link 0'2
| Budget drive without E-ULA | o [AVA™ _
- V
[0 I o e o o e e L NI B o i e
S 8 8 8 38 8 8 388 388 38 8 38 88 8 8 8 8 8 8
588853588888 838%53 5 R 838
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Dimensioning Aspects
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UL Link Adaptation dimensioning

Similarly as DL Link Adaptation, uplink MCS setting is considered in link budget as well as in
capacity figures obtained from product aligned system-level simulator

DL basic effects impacting MAPL

- Major effect (dominating)
Uplink _ :
_ Minor effect (usually no impact)
Two effects significantly impact the Lower MCS No impact at all
MAPL. A trade-off between the MCS e

level and the number of allocated PRBs

. Higher number of allocated PRBs
is needed. The MCS can be lowered to I \
some extent only.

Linearly lower power per PRB

Lower turbo- —p| Better SINR
* coding degradation *

Lower MAPL

Better MAPL
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ormance Aspects

rmance counters for UL Link Adaptation

LTE cell load measurements family (M8001) and cell throughput Note

(M8012), can be used to verify DL-AMC performance Counters MCS 25-28 will always be
_ o _ - empty with currently available

Histogram distribution of specific MCS usage can be drawn for terminal classes, not supporting

every cell (next slide) 64QAM

Abbreviated Name Description

The counter is updated when MCSxx is used for

PUSCH_TRANS_USING_MCSxx The number of transmissions on PUSCH over the measurement period using MCSxx  transmission. SIB, Paging and RA response
excluded.

PUSCH_TRANS_NACK_MCSxx The number of unacknowledged transmissions on PUSCH using MCSxx

This counter is updated when the maximum
number of HARQ retransmissions has been
exceeded for the TB.

number of unsuccessful transmissions on PUSCH using MCSxx

TB_BAD_PUSCH_MCSxx
= _PUSCH_MCS Only not transmitted TBs exceeding max HARQ retransmissions are considered.

volume (kbytes) of MAC PDUs on PUSCH transferred by using MCSxx This counter is updated when MAC PDU is

TB_VOL_PUSCH_MCSix The volume of MAC PDUs is considered. scheduled. Retransmissions are included.

The counter is updated in each TTI scheduling
period when bundle NACK received on PUSCH
using bundle size yy from MCSxx

The number of negative acknowledged transmissions with bundle size yy using

TB_BUNDyy_NACK_PUSCH_MGSxx .. @ oUsCH.

The number of not acknowledged 1st

PUSCH_1ST_TRANS_NACK_MCSxx First transmission NACKs on PUSCH using MCSxx transmissions on PUSCH for used Modulation
and Coding Scheme.



Performance Aspects
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Exemplary usage of counter data for MCS histogram

The data from exemplary customer
network shows that during 35% of the
time maximum available MCS was used

This can reflect very good radio conditions
resulting from low network load

For internal use
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