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Preface

In pursuit of the idea “First-class service, Customer service”, and in order to make more profit and provide better service for our customers, we have edited this Special Edition of GSM Network Planning and Network Optimization, which aims at providing the most useful maintenance experience and improving relevant technical personnel’s knowledge and skills.

With fierce competition in the operating market, improving the network quality has become a very important problem, and network optimization is a major method applied in this field. The network planning and network optimization department of ZTE, which is specially engaged in GSM network planning and optimization service for customers, has rich practical experience. This special edition just collects articles written by this department. We hope it will be helpful to your routine maintenance work.

For more articles of maintenance experience and related technical materials, please log on ZTE technical support website http://support.zte.com.cn.

If you have any requirement, question, or suggestion, please feel free to contact us, your attention and support are greatly appreciated.

ZTE Maintenance Experience Editor Committee

SSeptember 2006
Contents

1Chapter 1 Handling Unidirectional Call


11.1 Reasons of Unidirectional Call


21.2 Handling Flow


41.3 Typical Cases


41.3.1 Unidirectional Call Fault in China Unicom, Baoji


51.3.2 Unidirectional Call Fault in Luyi County


1Chapter 2 Handling Crosstalk


12.1 Reasons of Crosstalk


12.2 Handling Flow


32.3 Typical Cases


32.3.1 Crosstalk Fault of GSM Network in Nepal


42.3.2 Site-Five Crosstalk Fault of China Mobile (Bijie) in Zhijin County


6Chapter 3 Handling Bidirectional No-Voice


63.1 Reasons of Bidirectional No-Voice


63.2 Handling Flow


83.3 Typical Cases


83.3.1 Bidirectional No-Voice Fault of GSM Network in China Unicom, Xi’an


1Chapter 4 Handling Poor Call Quality


14.1 Reasons of Poor Call Quality


14.2 Handling Flow


34.3 Typical Cases


34.3.1 Poor Call Quality Fault in China Unicom, Shiyan


44.3.2 Poor Call Quality Fault in China Unicom, Baishan Audit Bureau Site


1Chapter 5 Handling Bad Coverage


15.1 Fundamental Knowledge of Antenna


25.2 Reasons of Poor Site Coverage


35.3 Handling Flow


55.4 Methods of Improving Coverage


55.5 Typical Cases


55.5.1 Bad Coverage in Meat Refrigerated Warehouse Site


75.5.2 Bad Coverage in Chunyang Bridge Site


1Chapter 6 Handling TCH Call Drop


16.1 Statistics Point and Type of TCH Call Drop


16.1.1 RF Loss Call Drop


26.1.2 Handover Failure Call Drop


46.1.3 LAPD Call Drop


46.2 Reasons of Call Drop


46.2.1 Reasons of RF Loss Call Drop


56.2.2 Reasons of Handover Failure Call Drop


66.2.3 Reasons of LAPD Call Drop


66.3 Handling Flow


96.4 Typical Cases


96.4.1 High Call Drop Rate in Cell 1 and Cell 3 of North Xi’an Bus Company


106.4.2 High Call Drop Rate in Cell 3 of Delian Building in North Xi’an


1Chapter 7 Handling Interference


17.1 GSM Frequency Allocation


17.2 Interference Decision


17.2.1 Statistics and Analysis of Network Performance Indices


27.2.2 Drive Test and CQT Test


47.3 Intra-System Interference


47.3.1 Unreasonable Frequency Planning


57.3.2 Interference due to Cross-Cell Coverage


57.3.3 Interference due to Equipment Fault


67.4 External Interference


67.4.1 External Interference Decision by SITEMASTER


77.4.2 External Interference Decision by NetTek Analyzer


87.5 Interference Problem Handling Flow


107.6 Typical Cases


107.6.1 Interference in Cell of Indian SPICE Network


1Chapter 8 Handling TCH Allocation Failure


18.1 Definition of TCH Allocation Failure


28.2 Main Reasons of Allocation Failure


48.3 Handling Flow


58.4 Typical Cases


58.4.1 Low TCH Allocation Success Rate in Chang’an_Nanjiang Village


1Chapter 9 Handling TCH/SDCCH Congestion


19.1 Types of Radio Network Congestion


19.1.1 SDCCH Congestion


29.1.2 TCH Congestion


29.2 Reasons of Radio Network Congestion


39.3 Handling Flow


79.4 Typical Cases


79.4.1 High SDCCH Congestion Rate in Shiliuhua Hotel, XI’an


1Chapter 10 Handling TCH Handover Failure


110.1 Handover Types and Algorithms


310.2 Reasons of Handover Failure


410.3 Handling Flow


510.4 Typical Cases


510.4.1 Low Handover Success Rate in Zhonglou Business Office, Xi’an


610.4.2 Low Handover Success Rate in Caotan, Weiyang


710.4.3 Low Handover Success Rate in Dongdatieliao, Chang’an




Chapter 1 Handling Unidirectional Call

1.1 Reasons of Unidirectional Call

The following are possible reasons of unidirectional call:

1．
Radio part
The reasons mainly concern radio environment, such as poor quality of one party caused by unbalanced uplink/downlink level, and interference, etc.

2．
Base station

（1）
Hardware: Board fault (such as CDU, TRX, TRM), error of CMM switching network table of TRM, etc.

（2）
Software: Data configuration errors in “Radio channel configuration table” (timeslot No.), and “Site BIE trunk mode table” (the trunk mode No. is inconsistent with that in “Site BIE description table”, which causes the calls among cascaded sites abnormal), etc.

3．
ABIS interface

The reasons mainly concern the following aspects: parts between the base station and TIC (including the trunk transmission equipment), quality of connectors at each interface and connection ports, and bit error of transmission lines, etc. which may cause poor voice quality at one party
4．
BSC
（1）
Hardware: All boards and connection lines between TIC and A interface have faults (including the mother board).

（2）
Software: BIE timeslot configuration and BIE HW configuration have fault.

5．
A interface

（1）
Hardware:

· Board fault: Such as TIC board, GIPP board, and DRT board, etc.

· Connection error: (crossover cable, crossed pair mismatched wires, etc.)

（2）
Software:

(
CIC configuration, whether the setting of A interface trunk circuit is reasonable.
· Do not configure EFR service when using DRT (otherwise, the unidirectional call fault will occur when a MS calls a fixed telephone, or the bidirectional call failure fault will occur when a MS calls another MS.).

· As for a group of multiplexed TCSM units, the four timeslots of four TC boards corresponding to signaling should be configured as unavailable, and the last timeslot of the last TC board should also be configured as unavailable if used as maintenance timeslot. Otherwise, the no voice fault will occur.

6．
MSC
（1）
Hardware:

(
Board (DT, NET, and CTN) fault, bad contact with the backplane, backplane or slot damaged.

· Corrupt connection or contact problem (such as HW connection between DT and NET, fiber connection between SM and AM, outgoing trunk connection).

（2）
Software:

Configuration error in “Semi-permanent connection table”, outgoing trunk data configuration error.

7．
MS

The unidirectional call fault or bidirectional call failure fault of very few MS may also be caused by the MS problems.

1.2 Handling Flow

It is advised to locate the problem by checking hardware and data configuration together with dialing test.

The flow of handling unidirectional call is shown in Figure 1. 
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Figure 1 Flow Chart of Handling Unidirectional Call

Steps of handling unidirectional call are as follows:

1． Diagnose the area and range of the problem.

Based on the users’ feedback and dialing test, decide if the problem occurs between local offices or inside a local office. If it occurs inside a local office, then decide if it is only a few BSC’s fault or all BSC’s fault, and decide if it is only the fault of part of sites under BSC or the fault of all sites under BSC.

2．
If the problem occurs only during the outgoing, then check relevant outgoing trunk and data; as for the fault inside the local office, check each part according to the fault range.

3．
If the problem occurs within the MSC range, then check whether users or other relevant personnel have modified MSC data and performed related cutover during the cutover period.

4．
If the problem occurs within the range of a few BSC or within the range of quite a number of sites of BSC, then check BSC DRT version. If the version is correct, then implement the active/standby handover for the DSN board of the BSC, and test after handover to see if the problem still exists.

During the procedure of problem locating, open “GSM user interface tracing” of MSC-side maintenance system to implement the A interface circuit dialing test. Analyze the occupied trunk of the faulted call based on the interface messages and calculate corresponding boards, thus to check relevant boards and connections (all boards and connections between E3M and NET, including the backplane).
5．
If the problem exists only within the coverage range of a base station, then first check radio parameters of the cell, check whether uplink/downlink power links are balanced (collecting data through signaling tracing), and check whether the maximum transmission power of MS is correct. Secondly, through dialing test and hardware troubleshooting, determine whether there exists any hardware fault, such as equipment connection carrier fault, combiner fault, or antenna fault. Moreover, it can be determined whether uplink or downlink fault exists through MS calling the fixed telephone.

1.3 Typical Cases

Unidirectional Call Fault in China Unicom, Baoji

【Fault Description】

The O&M department of China Unicom (Baoji) reflects that a lot of users complain about unidirectional call problems in Long County. It is found that most of sites under ZTE BSC4 have problems but BSC11 in urban area has no such problem.

【Fault Analysis】

ZTE networking optimization engineers come to the site to implement dialing test.

Dialing test method on the site:

1．
Dialing test within the local office

No such problem occurs in the following cases when the mobile subscribers call each other within the local office: the calling party and called party are under the same BSC4 site; the calling party is under BSC4 site and the called party is under BSC11 site. 

2．
Dialing test between local offices
The unidirectional call fault occurs when the calling party dials the local fixed telephone, and the probability is around 40%. Thus it is determined the problem exists between local offices (from China Unicom to China Telecom), and the problem is caused by relevant outgoing trunk and data fault.

【Fault Handling】

After locating the problem range, immediately feed it back to relevant Unicom personnel and ask them to query if data modification and related cutover operation have been performed in MSC recently.

It is verified later that capacity expansion and cutover operation have been performed on the outgoing circuits of China Telecom, and errors exist in these trunk circuits’ data configuration.

After modifying these data, the problem is resolved.

Unidirectional Call Fault in Luyi County
【Fault Description】

The maintenance personnel of China Unicom (Zhoukou) reflect that a lot of subscribers complain about unidirectional call problems.

【Fault Analysis】

Implement the dialing test and drive test fifty times in the three sites (Luyi special local product company, Luyi thermoelectric factory, and Luyi bus company), which are complained most. The unidirectional call fault or the bidirectional call failure fault occurs about fifteen times.

Observing the occupied frequency points and timeslots of the test MS, it is found that the unidirectional call fault occurs when the test MS occupies frequency point 105 of cell 1 in Luyi special local product company site. The received level of the test MS fluctuates greatly and is as high as 30dB.

Therefore, it is diagnosed that the unidirectional call is caused by the carrier fault, and the unidirectional call fault will occur when MS occupies the carrier.

【Fault Handling】

Implement the dialing test again after replacing the faulted carrier, and the unidirectional call fault doesn’t occur. Observed for several days, the unidirectional call fault doesn’t recur any more.
Chapter 2 Handling Crosstalk
2.1 Reasons of Crosstalk
The following are possible reasons of crosstalk:
1．
Crossed pair, mismatched wires in A interface. 
2．
Timeslot multiplexing equipment is used in transmission, and the equipment mistakenly interchanges timeslots.
3．
Base station data configuration error.
2.2 Handling Flow
It is advised to locate the problem by checking hardware and data configuration together with dialing test.
The flow of handling crosstalk is shown in Figure 2. 
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Figure 2 Flow Chart of Handling Crosstalk
Steps of handling crosstalk are as follows:
1．
Firstly, diagnose whether the crosstalk problem occurs within intra-office call or inter-office call.
2．
If the problem occurs within intra-office call, then troubleshoot whether “crossed pair, mismatched wires” exists in A interface.
3．
If the problem occurs within inter-office call, then troubleshoot whether “crossed pair, mismatched wires” exists in outgoing circuits.
4．
In the case of some E1 using timeslot multiplexing equipment, first block the E1 that uses the timeslot multiplexing equipment, then implement the test to check if the timeslot multiplexing equipment has any fault.
5．
If the crosstalk fault only exists in a certain base station, then especially check whether transmission, hardware, and data configuration of this base station are normal.
2.3 Typical Cases
2.3.1 Crosstalk Fault of GSM Network in Nepal 
【Fault Description】

After GSM network is commissioned in Nepal, many unidirectional call problems and several crosstalk problems are found.
Through a number of dialing tests, it is verified that unidirectional call fault and crosstalk fault that users reflect do exist. There are two kinds of crosstalk phenomena:
1．
When the call starts, of the calling party and the called party, only one party is connected and the other party cannot hear the opposite end’s voice. Moreover, a third party’s voice, or another two person’s conversion, is heard.
2．
When call drop occurs at the calling or the called party and the other party still holds on, the third party’s voice will be heard after about ten seconds.
【Fault Analysis】

Through collecting complaint lists on the site and a number of tests, it is diagnosed that the problem exists in most of sites under BSC within the local office.
After querying unidirectional call ticket, implement designated dialing test and find the unidirectional call does exist. Through careful test, it is found that unidirectional call exists on the twelfth and thirteenth E1 of BSC. The calling party designates the two timeslots and dials, then the calling party can hear the called party’s voice, but the called party cannot hear the calling party’s voice and can hear crosstalk sometimes. Such a phenomenon occurs every time the dialing test is implemented, in most cases it is unidirectional call, and in a few cases it is bidirectional no-voice, as described in the following:
1．
Sometimes, the called party can hear the third party’s voice as soon as the call is established, and this phenomenon lasts until the call is released.
2．
Sometimes, the called party hears nothing at the beginning, then hears crosstalk after a while, and this phenomenon lasts until the call is released.
3．
Sometimes, bidirectional no-voice occurs first, then both the calling and called party can hear another two persons’ conversation after a while, and this phenomenon lasts until the call is released.
【Fault Handling】

Implement the following steps on the two E1s: 
1．
Check the E1 connector and connection, no problem is found, and there isn’t any “crossed pair, mismatched wires”.

2．
Use E1 cable to connect BSC1 and the E1 in the faulted MSCA, the fault still exists.
3．
Replace the DTI board in this slot of MSCA, the fault still exists.
4．
Replace the EDRT board in this slot of BSC1, the unidirectional call and crosstalk fault doesn’t recur and the call becomes normal. The EDRT board is normally inserted before replacement.
5．
Insert the original EDRT board that has the problem back into the slot, the unidirectional call and crosstalk fault doesn’t recur and the call becomes normal.
6．
Implement the dialing test on A interface timeslot, and the timeslot is designated by MSC. Block some module signaling when the network is idle in the evening, in which case the designated dialing test success rate will be much higher. It is found that the faults mainly exist in the first layer’s A interface frame of BSC1. Replace the backplane of this frame, and the problem is resolved.
2.3.2 Site-Five Crosstalk Fault of China Mobile (Bijie) in Zhijin County
【Fault Description】

The O&M department of China Mobile (Bijie) reflects that a lot of users complain about crosstalk problems in Zhijin County. It is found that the problems mainly exist in the coverage area of No. 5 base station in Zhijin County.
【Fault Analysis】

Implementing the dialing test on the site (per carrier and per timeslot), it is found that the crosstalk fault only occurs when test MS occupies timeslot 2 of BCCH carrier of No. 5 site in Zhijin County, and the fault doesn’t occur in the case of other timeslots and carriers. Replace the faulted carrier, but the problem stills exists.
【Fault Handling】

Reflect the test result to OMCR NM engineers after locating the problem and require checking the base station data. It is found that error exists in the configured sub timeslot number of the channel that corresponds to timeslot 2 of the BCCH carrier, and the timeslot number is the same as that of timeslot 3, which causes the crosstalk problem.
After further investigation, it is found that the fault reason is due to data configuration error when modifying timeslot 2 of the carrier from SDCCH to TCH in the radio resource management. Therefore, it is advised to implement such operations (modifying channel type) in the integrated configuration management to avoid the data configuration error mentioned above.
Chapter 3 Handling Bidirectional No-Voice
(  Tip:
Although the bidirectional no-voice fault phenomenon is distinct, users often take it as unidirectional call fault in their complaints. Thus it is necessary to definitely diagnose the fault through test.
3.1 Reasons of Bidirectional No-Voice
The following are possible reasons of bidirectional no-voice:

1．
The transmission line is self-looped.
2．
CIC at BSC side and MSC side are not consistent.
3．
Performance of a few timeslots in the transmission circuits is poor.
4．
In E1-shared transmission, the timeslot multiplexing equipment doesn’t configure the timeslots correctly.
5．
DRT/EDRT or TIC board has fault.

3.2 Handling Flow
It is advised to locate the problem by checking hardware and data configuration together with dialing test.

The flow of handling bidirectional no-voice is shown in Figure 3.
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Figure 3 Flow Chart of Handling Bidirectional No-Voice
Steps of handling bidirectional no-voice are as follows:

1．
Firstly, locate the range of the problem, such as if the problem occurs in most sites or a few sites.
2．
If the problem occurs in most sites, then it can be diagnosed the possible reason is among reason 1, 2, and 5 (refer to”3.1 Reasons of Bidirectional No-Voice”), and especially check the three respects.
3．
If the problem occurs only in a few sites, then it can be diagnosed the possible reason is among reason 3 and 4, and especially check the two respects.
3.3 Typical Cases
3.3.1 Bidirectional No-Voice Fault of GSM Network in China Unicom, Xi’an 
【Fault Description】

The China Unicom (Xi’an) Co. reflects that G network users in the Baqiao district of Xi’an complain about no-voice, unidirectional call, and echo problems during the call, but if waiting for a short period without releasing the call, the voice will become normal. Siemens BSC18, Siemens BSC19, and ZTE BSC9 that are under ZTE MSC04 all have such problems.
【Fault Analysis】

Considering the fault phenomenon, it can be diagnosed that the fault exists in most sites.
Implement the test on the Baqiao Xinzhu site that users complain most.
1．
Fault description
The call is normal after being initiated, but when implementing handover from Siemens cell 11581 to ZTE cell 28722, the opposite party’s voice cannot be heard and only echo (the calling party’s own voice) can be heard, which lasts for about 15 seconds.
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Figure 4 Real-time Display of Radio Parameters (1)
Implement handover from ZTE cell 28722 to ZTE cell 24122, it is still unable to hear the opposite end’s voice, which lasts for about 8 seconds. The third handover is from ZTE cell 24122 to Siemens cell 11581, and the call becomes normal this time. The two handovers mentioned above are shown in Figure 5.
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Figure 5 Real-time Display of Radio Parameters (2)
Then implement the inter-cell call handover test under ZTE BSC9, the above phenomena haven’t occurred.
2．
Test conclusion
Through on-site test, the accurate phenomenon of the problem has been obtained:
The call is normal after being initiated (both the calling and called party can hear each other). However, when implementing inter-BSC handover, the bidirectional no-voice fault occurs immediately, both parties cannot hear each other, instead, they can only hear their own echoes; implementing inter-BSC handover again, the call becomes normal and both parties can hear each other.
Such a problem doesn’t occur during inter-cell handover within a BSC. Since inter-BSC handover involves MSC’s control and switching and connection of A interface circuit, it is doubted that fault exists in A interface circuit or MSC. 
【Fault Handling】

After locating the problem, establish the following fault handling method:
One group of personnel (test engineers) implement dialing test continuously in the problem area by drive test equipment; the other group of personnel (MSC-side engineers), who are in the background, implement real-time tracing of the on-site dialing test MS through user tracing and data probe at NM side.
Upon the problem informed by the frontage, immediately find the A interface trunk circuit number occupied by the test MS and corresponding board, check relevant boards and connections. It is found that the PCM link is self-looped, which is the problem reason.
Further checking PCM link, it is found that another two pairs of PCM link are self-looped and ninety voice channels in total have problems. Modify them immediately and notify the frontage to continue the test, the problem doesn’t recur.
Similar problems don’t occur in the following week after handling, thus the problem is resolved. The very reason for this problem is mistaken operations of maintenance personnel (mistaken operations during BSC A interface capacity expansion and cutover).
Chapter 4 Handling Poor Call Quality
4.1 Reasons of Poor Call Quality
Poor call quality is mainly caused by high voice bit error ratio in radio interfaces. Usually, the fault phenomenon is: the call can be established for both the calling and called party after MS is power-on, but the call quality is poor and there is obvious noise in the call.

The following are possible reasons of poor call quality:

1．
The received level is comparatively low, which causes high bit error ratio and poor call quality.
2．
There exists intra-net or off-net interference, which causes high bit error ratio and poor call quality.
3．
There exists fault of BTS-side hardware such as clock, carrier, and antenna; DIP switches of E1 matched resistance on CMM board are not correctly set.
4．
Fault of EDRT board at BSC-side.
5．
Performance of a few timeslots in the transmission circuits is poor.
4.2 Handling Flow
It is advised to locate the problem by checking hardware and data configuration together with dialing test.

The flow of handling poor call quality is shown in 
Figure 6
.
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Figure 6 Flow Chart of Handling Poor Call Quality
Steps of handling poor call quality are as follows:
1．
Firstly, locate the range of the problem, such as if the problem occurs in most sites or a few sites.

2．
If the problem occurs in most sites, then it can be diagnosed the possible reason is among reason2, 4, and 5 (refer to”4.1 Reasons of Poor Call Quality”), and especially check the three respects.
3．
If the problem occurs only in a few sites, then it can be diagnosed the possible reason is among reason 1 and 3, and especially check the two respects

4.3 Typical Cases
4.3.1 Poor Call Quality Fault in China Unicom, Shiyan
【Fault Description】

The GSM network of China Unicom (Shiyan) is a new network that ZTE base stations replace all Ericsson base stations. Poor call quality is complained in succession after the spring festival.
【Fault Analysis】

Analyzing on the site and considering that complained users are distributed in many counties, it is diagnosed that the problem exists in most sites.
Testing on the sites with poor call qualities complained by users, it is found that the opposite end’s voice can be heard clearly in calling or called procedure in such a site, but voice of the user in this site cannot be heard clearly by the opposite end. This is actually the uplink signal problem, with detailed phenomena as intermittent call and big background noise.
Based on the analysis above, it is diagnosed that the problem is due to BSC-side hardware fault such as EDRT board fault.
【Fault Handling】

Troubleshoot EDRT boards of BSC (with the function of transcoding and rate adaptation).
Eighteen EDRT boards are configured in the BSC of Shiyan, and each EDRT board has six DSP. Block all DSP (18×6＝108 in total) from one o’clock in the morning. Then, unblock the first DSP of the first EDRT and implement dialing test more than ten times. If voice of each times is normal, then it can be concluded that this DSP is normal; otherwise, it can be concluded that this DSP has fault. After doing above, block that DSP and unblock the next DSP, and implement the test above again.
Test all DSP with the same method. It is found in the test result that twelve DSP (distributed on five EDRT boards) have fault. Implement dialing test under these faulted DSP, and the problem probability is between 30% and 50%.
Replace the five EDRT boards, and implement the test mentioned above on them again. Finally, unblock all DSP and implement dialing test five hundred times, no problems are found.
In the afternoon, implement dialing test three hundred times on another site with poor call quality, no problems are found. On the next day, implement dialing test four hundred times on another site (this site and sites tested yesterday locate in different peripheral modules), no problems are found.
Till now, it can be diagnosed that some DSP of the BSC-side EDRT boards have fault, which causes abnormal transcoding and rate adaptation and poor call quality.
Replace the faulted boards, and the problem is resolved.

4.3.2 Poor Call Quality Fault in China Unicom, Baishan Audit Bureau Site
【Fault Description】

Engineers of China Unicom (Baishan) reflect that poor call quality is complained in Baishan Audit bureau site area and metal knocking sounds occur in the call process.
【Fault Analysis】

Since the problem reflected by users is within one site, it is diagnosed that the site has fault which causes poor call quality. 
【Fault Handling】

During the on-site test, a metal knocking sound suddenly occurs in the call process and lasts for half a minute, and then the call becomes normal again. MS is in call state during the above procedure. Through testing carrier one by one, the problem is located in a certain carrier. Replace that carrier, the fault still exists. Replace the clock cable that connects to that carrier, and the problem is resolved.
Chapter 5 Handling Bad Coverage 
5.1 Fundamental Knowledge of Antenna
Antenna coverage, whose optimization is a basic optimization means, almost influences all system parameters and all statistic data.
Common indices of antenna include:
1. Polarization mode: Frequency bands adopted by the public mobile telecommunication system decide that the vertical polarization mode is adopted (considering that dual-polarized antenna is in the polarity diversity).
2. H－Plane Half Power beamwidth: (45°, 60°, 90°, etc.) defines the beam width of antenna horizontal plane.
The larger the angle, the better the coverage at sector crossover places. However, when increasing the antenna downtilt, the beam tends to be distorted to form cross-cell coverage.
The smaller the angle, the worse the coverage at sector crossover places. Increasing the antenna downtilt may improve coverage at sector crossover places and will not lead to cross-cell coverage.
Since site distance is short and antenna downtilt is large in downtown area, sites in downtown area should adopt antenna with small H－Plane half power beamwidth, while sites in suburb area should adopt antenna with large H－Plane half power beamwidth.  
3. V－Plane Half Power beamwidth: (48°, 33°, 15°, 8°) defines the beam width of antenna vertical plane. The smaller the V－Plane half power beamwidth, the faster the signal attenuates in the direction deviating from the main beam, and the easier to control coverage range through adjusting the antenna downtilt.
4. Downtilt: It defines the range of antenna inclination, and distortion of the antenna beam within this range is comparatively small.
5. Front-Back Ratio: It indicates the controlling effect on back lobe by the antenna. In the case of adopting antenna with low front-back ratio, the back lobe of antenna may cause cross-cell coverage, thus to cause chaotic handover and call drop. It is recommend to adopt antenna with front-back ratio 30.
6. Antenna gain (gain): Excluding the difference in antenna processing, the smaller the antenna beam, the larger the gain.
Downtilt is decided as shown in Figure 7.
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Figure 7 Antenna Downtilt
Known conditions: The antenna height is H, the coverage radius expected is R, the V－Plane half power beamwidth is A. It is the downtilt B that needs to be determined.
tg（B-A/2）=H/R

B=arctg（H/R）＋A/2

Note: In the case of not considering the path loss, the power level at D point is half of that at C point, i.e. 3 dB less, thus the calculating coverage radius is unreasonable, but the manufacturer only provides the index half power beamwidth. In practice, it is more reasonable if the downtilt is 1°~ 2° larger than the B value. The formulae above also indicate relationship between antenna height and coverage radius of the cell.
Adjustment of antenna downtilt and azimuth must be implemented based on the drive test data, and the adjustment result must also be evaluated based on the drive test data.
5.2 Reasons of Poor Site Coverage
The following are possible reasons of bad site coverage:

1．
Unreasonable radio parameter setting: such as BTS transmission power, minimum access level of cell, etc.
2．
There exists strong interference source, which causes MS unable to access network.
3．
Equipment hardware fault, such as low output power of the power amplifier, decreased sensitivity of receiver, big loss of combiner, and RF connection errors, etc.
4．
Antenna feeder system fault, such as large SWR of antenna feeder, unreasonable height, azimuth, and pitch angle of antenna, and corrupt antenna, etc.
5．
Unreasonable site type or site address, such as that the coverage is poor in places near omnidirectional site on high mountains.
6．
Geographical environment and magnetic environment factors, such as obstructions, etc.
5.3 Handling Flow
It is advised to locate the problem by checking hardware and data configuration.

The flow of handling poor coverage is shown in Figure 8. 
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Figure 8 Flow Chart of Handling Poor Coverage
Steps of handling bad coverage are as follows:

1．
Check radio parameter setting of the faulted site, and especially pay attention to parameters such as BTS transmission power (whether it is set to be decreased and whether the decreased extent is reasonable), and minimum access level of cell (whether it is set too large). Modify the unreasonably set parameters.
2．
Through performance data, DT instrument, and interferometer, check if there exists any strong interference source, locate the problem and resolve it.
3．
Check the equipment hardware. For example, check if RF connection cables are reliable and if connections are correct; use the SiteMaster instrument to test if output powers of the site’s power amplifier and the combiner are reasonable. Replace the faulted hardware equipments.
4．
Check the antenna feeder system. Use the SiteMaster instrument to test antenna feeder SWR.
5．
Analyze the local geographical environment: whether site address and site type are reasonable, whether any obstruction exists.
5.4 Methods of Improving Coverage 
If everything is normal in parameter setting, hardware, and antenna feeder system, but the coverage is still bad, then use the following methods to improve coverage.
1．
For a cell with not more than two carriers, cross the combining part to reduce loss and enhance coverage.
2．
If the site is omnidirectional, then modify it to be directional.
3．
Select appropriate positions to add new sites.

5.5 Typical Cases
5.5.1 Bad Coverage in Meat Refrigerated Warehouse Site 
【Fault Description】

It is reflected by China Unicom (Baicheng) that many users complain about bad coverage near the Meat refrigerated warehouse: a very short distance from the site, there will be no signal.
【Fault Analysis】

Based on users’ feedback, it is diagnosed that the fault exists in Meat refrigerated warehouse site coverage area. View the background radio parameter table to check the parameter setting and find the setting is reasonable. Check performance reports and find idle interference bands and normal uplink/downlink quality distribution data. View the background alarm and find the site hardware is normal.
Hardware engineers implement system troubleshooting for the site equipment to test SWR and power of the power amplifier, and find these indices are normal. Check hardware equipment connections and find them correct. Check azimuth and lower inclination of antenna, and find them also reasonable. 
Through on-site drive test by network engineers, it is found that signal in the cell’s main lobe direction is very weak, but comparatively strong in the side lobe direction. Thus it is diagnosed as antenna fault.
【Fault Handling】

Replace the antenna and test again, the coverage is improved obviously with good call quality, and the problem is resolved.
The comparison of downlink received level before and after the antenna replacement is shown in Figure 9.
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Figure 9 Comparison of Downlink Received Level Before and After Antenna Replacement
5.5.2 Bad Coverage in Chunyang Bridge Site
【Fault Description】

It is reflected by China Unicom (Baicheng) that many users complain about poor signal quality near the Food bureau.
【Fault Analysis】

Based on users’ feedback, it is diagnosed the fault exists in Chunyang bridge site coverage area.
View the background radio parameter table to check the parameter setting and find the setting is reasonable. Check performance reports and find idle interference bands and normal uplink/downlink quality distribution data. View the background alarm and find the site hardware is normal.

Hardware engineers implement system troubleshooting for the site equipment to test SWR and power of the power amplifier, and find these indices are normal. Check hardware equipment connections and find them correct. Check azimuth and lower inclination of antenna, and find them also reasonable. 

Through on-site drive test by network optimization engineers, it is found the site coverage is normal. However, the Food bureau area complained by users is more than four kilometers away from the site, and the main problem is poor indoor signals (covered by cell 2).
【Fault Handling】

After confirming the parameters are correct and equipment is normal, it is advised to adjust hardware of cell 2 (having only one TRX): cross the combining part to reduce loss. The comparison of power before and after the adjustment is shown in Table 1.
Table 1 Comparison of Power Before and After Adjustment
	Cell of test site
	Power before adjustment
	Power after adjustment

	Chunyang bridge cell 2
	16 W (power of combiner) 
	32 W (power of combiner)


The comparison of test data of the place with coverage problem is shown in Table 2. 
Table 2 Comparison of Test Data of Place with Coverage Problem
	Test place
	Before adjustment
	After adjustment

	Grain depot
	Chunyang bridge cell 2
Outdoor level: -87 ~ -97

Poor call quality
Unable to establish call indoors
	Chunyang bridge cell 2
Outdoor level: -76 ~ -86

Good call quality

Indoor level: -86 ~ -96

Call is normal, with noise occasionally


Chapter 6 Handling TCH Call Drop
6.1 Statistics Point and Type of TCH Call Drop 
In mobile communication, call drop means loss of call or interrupted call due to certain reasons after the Traffic Channel (TCH) is allocated. Call drop, which causes a lot of inconvenience to users, is one of the faults that are complained most.
The statistics point of TCH call drop times is: when BSC initiates the CLEAR_REQ message to MSC, and type of the channel currently occupied by MS is TCH.
The following are main types of call drop:

1．
RF loss call drop (i.e. radio link fault call drop);

2．
Handover failure call drop;

3．
LAPD call drop.

6.1.1 RF Loss Call Drop
The RF loss call drop is shown in Figure 10. 
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Figure 10 RF Loss Call Drop
The RF loss call drop is divided into two parts: uplink and downlink.
1．
Downlink failure
According to GSM specification, MS has a timer S (T100), when MS starts the call, the timer is assigned with an initial value (i..e. radio_link_timeout) that is broadcasted on BCCH.
When MS cannot correctly decode a SACCH message (four SACCH BLOCK), S is decreased by 1; when MS correctly decodes a SACCH message, S is increased by 2.
S will not exceed the initial value defined by radio_link_timeout. When S is zero, MS will abandon the radio resource connection and enter idle mode, and a call drop occurs.
2．
Uplink failure
The uplink failure parameter monitored by system is link_fail.
When the site cannot correctly decode a SACCH message, the timer in HDPC (the timer’s maximum value is defined by link_fail) is decreased by 1; when the site correctly decodes a SACCH message, the timer is increased by 2 (the timer’s value will exceed the value defined by link_fail).
When the timers’ value is zero, the site stops transmitting downlink SACCH and starts the rr_t3109 timer (rr_t3109>T100). When T100 of MS is timeout, MS returns to idle mode and call drop occurs. The site releases the radio channel when the rr_t3109 timer is timeout. Besides, BSC has to send a Clear request message to MSC.
Either uplink failure or downlink failure will cause stopping sending SACCH to the opposite end, and this will start the radio resource releasing procedure of the opposite end. Each time link_fail occurred on TCH will be counted as a RF_LOSSES_TCH.
6.1.2 Handover Failure Call Drop 
Handover failure call drop principle: If MS receives Handover Command or Assignment message (BSC starts relevant handover control timer) but fails to handover to the object cell and does not return to the original cell either, i.e. MS fails to occupy the object cell channel and sends Handover Complete or Assignment Complete message, neither does MS returns to the original cell channel and sends Handover Failure or Assignment Failure message, then MS disengages from the network. At this moment, the handover control timer of BSC will be timeout and notify MSC to clear release, and count this exception event as handover failure call drop.
BSC handover control timers can be divided into: T8 timer timeout (inter-cell handover under different BSC), T3103 timer timeout (inter-cell handover under a BSC), T3107 timer timeout (intra-cell handover).
Handover failure call drop is shown respectively in Figure 11, Figure 12, Figure 13..
1．
T3103 timeout (inter-cell handover failure) 
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Figure 11 T3103 Timeout (Inter-Cell Handover Failure)
2．
T3107 timeout (intra-cell handover failure)
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Figure 12 T3107 Timeout (Intra-Cell Handover Failure)
3．
T3103 timeout (inter-cell handover failure)
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Figure 13 T8 Timeout (Inter-Cell Handover Failure)
6.1.3 LAPD Call Drop
LAPD meaning: when LAPD link is broken, the call-in-progress on the carrier will be interrupted. Count when BSC receives the LAPD link broken message.
6.2 Reasons of Call Drop
The following describes three reasons of call drop.
6.2.1 Reasons of RF Loss Call Drop 
1．
There exists weak coverage area, and radio signal is weak too.
2．
There exists interference, such as intra-network interference due to unreasonable frequency planning, and other external interference, etc.
3．
Unreasonable radio parameter setting 
（1）
The cell’s minimum access level is set too small, which causes MS call drop in weak coverage area.
（2）
Unreasonable NCC Permitted setting. In some network, the main cell and adjacent cells may adopt different NCC, and this requires adding NCC adopted by relevant adjacent cells in NCC Permitted. Unreasonable setting will cause MS unable to detect adjacent cell of a certain NCC, thus handover fails and RF loss call drop occurs.
（3）
The radio link fault timer is set too small, which causes MS call drop in the case of sudden degraded condition. However, setting the timer too large will cause reduced radio resource utilization.
（4）
Unreasonable power control parameter setting, such as unreasonable level, quality power control threshold, which will cause MS to reduce power even in the case of weak signal and poor call quality.
（5）
Unreasonable FH parameter setting. Unreasonable Maio configuration will cause co-channel interference and adjacent-channel interference within one site.
（6）
Incomplete adjacent-cell data definition or configuration error, which causes MS unable to improve signal through handover, thus call drop occurs due to degraded signal.
（7）
Unreasonable handover parameter setting, which causes MS unable to handover in time in the case of very poor call quality to improve antenna quality, thus call drop occurs.
（8）
Congestion exists in adjacent cell, which causes MS unable to handover in time in the case of very poor call quality to improve antenna quality, thus call drop occurs. In this case, congestion in adjacent cell should be got rid of.
4．
Equipment hardware fault, such as low output power of the power amplifier, large difference among different carrier transmission power, carrier transmitter fault, combiner fault, and divider fault, etc.
5．
Antenna feeder system fault. For example, two antennae in the cell have different inclination and azimuth respectively; SWR of antenna feeder is big; antenna is too high or lower inclination is unreasonable, which causes too big the coverage range or cross-cell coverage, and forms the remote isolated island effect, thus call drop occurs; etc.
6．
Reasons due to users, such as power down caused by bad contact of MS battery.
6.2.2 Reasons of Handover Failure Call Drop
Optimization of handover call drop should be implemented together with optimization of handover success rate, especially the handover-out success rate.
The following are reasons of handover failure call drop:
1．
There exists interference, such as intra-network interference due to unreasonable frequency planning, and other external interference, etc
2．
Equipment hardware fault, such as clock fault in object cell or this cell, low output power of the power amplifier, large difference among different carrier transmission power, carrier transmitter fault, combiner fault, and divider fault, etc
3．
Unreasonable radio parameter setting 
（1）
Problems such as object cell having the same BCCH and same color code, which cause high handover-out failure rate, thus call drop occurs.
（2）
Unreasonable definition of adjacent cell relation or adjacent cell data error, which causes high handover-out failure rate, thus call drop occurs.
（3）
Unreasonable handover parameter setting, which causes toggle handover, thus call drop occurs.
6.2.3 Reasons of LAPD Call Drop 
The following are reasons of LAPD call drop:
1．
Site transmission problems, such as transmission interruption or unstable transmission (intermittent), etc.
2．
Site-side hardware fault, such as unreliable E1 cable, CMM fault, and backplane connection fault, etc.
3．
BSC-side hardware fault, such as LAPC processing board fault.

6.3 Handling Flow 
It is advised to locate the problem by checking radio parameters together with hardware troubleshooting.
The flow of handling call drop is shown Figure 14.
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Figure 14 Flow Chart of Handling Call Drop
Steps of handling call drop are as follows

1．
Analyze the performance report to find the call drop reason for cells with high call drop rate.
2．
Analyze and handle the problem based on the call drop type.
3．
In the case of RF loss call drop, it is advised to handle the problem in the following steps:
（1）
Check radio parameter setting and modify unreasonable radio parameter setting.
（2）
Check indices such as BER and idle interference band grade to reduce radio interference.
（3）
Check if there exists coverage problem through drive test. Especially troubleshoot hardware fault for cell with weak coverage; and especially troubleshoot power parameter, handover parameter, and antenna lower inclination for cross-cell coverage.
（4）
Troubleshoot the equipment hardware fault. Replace the faulted boards. 
（5）
Check the antenna feeder system and trouble the faulted part.
4．
In the case of handover failure call drop, it is advised to handle the problem in the following steps:
（1）
Check radio parameter setting and modify unreasonable radio parameter setting.

（2）
Check indices such as BER and idle interference band grade to reduce radio interference.

（3）
Troubleshoot the equipment hardware fault. Replace the faulted boards. 

5．
In the case of LAPD call drop, it is advised to handle the problem in the following steps:
（1）
Troubleshoot BSC-side hardware fault.

（2）
Troubleshoot the site transmission.

（3）
Troubleshoot the site-side hardware fault.

6.4 Typical Cases
6.4.1 High Call Drop Rate in Cell 1 and Cell 3 of North Xi’an Bus Company 
【Fault Description】

Statistics of the background performance indices indicates high call drop rate in cell 1 and cell 3 of the bus company site in North Xi’an.
【Fault Analysis】

Checking detailed performance data and viewing the call drop type, it is found that the main problem is RF loss call drop. Check radio parameter setting and find same frequencies existing in cell 1 and cell 3.
Analysis indicates that co-channel interference exists, which causes high call drop rate.
【Fault Handling】

Modify the faulted frequency points to eliminate interference, the call drop times are reduced obviously, and the problem is resolved.
Table 3 Comparison of Frequency Points Before and After Modification (LAC8411-CI25176)
	Date
	Site name
	Cell location area (LAC-CI)
	Total call drop times of traffic channel
	Total occupation times of traffic channel (including handover)
	Call drop rate of traffic channel (including handover) (%)

	2005-05-20
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25176
	66
	1161
	5.68

	2005-05-21
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25176
	32
	870
	3.67

	2005-05-23
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25176
	42
	1038
	4.04

	After modifying frequency points

	2005-05-27
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25176
	4
	1057
	0.37

	2005-05-28
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25176
	4
	865
	0.46


Table 4 Comparison of Frequency Points Before and After Modification (LAC8411-CI25178)

	Date
	Site name
	Cell location area (LAC-CI)
	Total call drop times of traffic channel
	Total occupation times of traffic channel (including handover)
	Call drop rate of traffic channel (including handover) (%)

	2005-05-20
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25178
	60
	1399
	4.28

	2005-05-21
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25178
	25
	1260
	1.98

	2005-05-23
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25178
	34
	1281
	2.65

	After modifying frequency points

	2005-05-27
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25178
	4
	1270
	0.31

	2005-05-28
	North Xi’an_Sxith Bus company_DV
	LAC8411-CI25178
	4
	1139
	0.35


6.4.2 High Call Drop Rate in Cell 3 of Delian Building in North Xi’an 
【Fault Description】

Statistics of the background performance indices indicates high call drop rate in cell 3 of Delian building site in north Xi’an.

【Fault Analysis】

Checking detailed performance data and viewing the call drop type, it is found that the main problem is handover failure call drop. Check the cell frequency points and adjacent cell data, no problem is found. Trace signaling and find strong uplink level but poor uplink quality, and the idle channel interference level in RF resource indication is 5, as shown in Figure 15. Therefore, it is diagnosed that external interference exists in this cell.
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Figure 15 Signaling Tracing

【Fault Handing】

Attempt using out-of-band frequency points (available frequency points provided by China Unicom on the premise of external interference existed in northwest suburb of Xi’an). After modifying the frequency points, the call drop times are reduced obviously and indices become normal, and the problem is resolved.
Table 5 Comparison of Frequency Points Before and After Modification (LAC8411-CI25458)
	Date
	Site name
	Cell location area (LAC-CI)
	Total call drop times of traffic channel 
	Total occupation times of traffic channel (including handover)
	Call drop rate of traffic channel (including handover) (%)

	2005-05-23
	North Xi’an_Delian Building_DV2
	LAC8411-CI25458
	19
	608
	3.12

	2005-05-24
	North Xi’an_Delian Building_DV2
	LAC8411-CI25458
	22
	542
	4.05

	2005-05-25
	North Xi’an_Delian Building_DV2
	LAC8411-CI25458
	39
	790
	4.93

	After modifying frequency points

	2005-05-26
	North Xi’an_Delian Building_DV2
	LAC8411-CI25458
	2
	703
	0.28

	2005-05-27
	North Xi’an_Delian Building_DV2
	LAC8411-CI25458
	1
	826
	0.12

	2005-05-28
	North Xi’an_Delian Building_DV2
	LAC8411-CI25458
	1
	495
	0.2


Chapter 7 Handling Interference
7.1 GSM Frequency Allocation 
GSM frequencies include EGSM/PGSM/DCS1800, and the frequency allocation is shown in Table 6.
Table 6 Frequency Allocation
	EGSM+GSM900
	880 MHz ~915 MHz

Uplink frequency
925 MHz ~960 MHz

Downlink frequency
Duplex interval: 45 MHz; working bandwidth: 35 MHz, carrier interval: 200 kHz

	DCS1800
	1710 MHz~1785 MHz
     Uplink frequency
1805 MHz~1880 MHz
     Downlink frequency
Duplex interval: 95 MHz; working bandwidth: 75 MHz, carrier interval: 200 kHz


7.2 Interference Decision
Interference in GSM system is divided into two types: intra-system interference and external interference, and each type can also be subdivided into uplink interference and downlink interference. Intra-system interference refers to reduced network service quality caused by unreasonable frequency planning and system equipment hardware fault; and external interference refers to reduced network service quality caused by interference of unknown signal source.
The following introduces interference decision and handling based on network performance. The network interference phenomena include poor call quality, intermittent voice, metallic noise, failed connection, or call drop, etc, which are obtained directly or indirectly from users’ complaint and network performance indices. We can locate the fault through statistics and analysis of network performance indices, or through on-site test.
7.2.1 Statistics and Analysis of Network Performance Indices
Interference band statistics: when the traffic channel is in idle state, monitor uplink noise constantly and analyze the measured result. Divide the interference level into five grades and send them to BSC. The grade division operation can be implemented in the background, and the default setting is 10, 15, 20, 25, and 63 (i.e. -100 dBm, -95 dBm, -90 dBm, -85 dBm, and -47 dBm). We could know exactly the interference intensity through adjusting interference band border.
Handover statistics due to uplink/downlink interference: it can be decided whether there exists any interference through statistics of handover due to interference in the basic measurement.
Collecting uplink/downlink RQ samples in call state: RxQual, an index that reflects call quality, has 0~7 grades and is based on bit error ratio. In the basic measurement, the uplink/downlink RQ sample statistics, which is implemented for all samples whose call qualities are among 0~7 grade, clearly reflects interference that users suffer in call state.
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Figure 16 Relationship Between RxQual and Ber
7.2.2 Drive Test and CQT Test
Dialing test and drive test can reflect interference factually through on-site measurement. By implementing dialing test, we can feel ourselves the call quality in interfered places and see the call quality grade on test MS. If coverage level is normal but intermittent voice, or metallic noise exists in the call, or the call quality grade reflected on test MS is high all the time, then it indicates interference exists.
Drive test effectively reflects the interference position and interference extent, which facilitates analysis of interference reasons, as shown in Figure 17.
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Figure 17 Drive Test Diagram

Interference parameters described by different drive test software are also different. For example, BER&C/A, SQI, and C/I in TEMS are represented by RXQUAL&FER in ANTPilot.
C/I: Co-channel carrier-to-interference ratio. The relationship between C/I and call quality is shown in Table 7.
Table 7 Relationship Between C/I and Call Quality
	RxQual
	0
	1
	2
	3
	4
	5
	6
	7

	C/I[dB]
	23
	19
	17
	15
	13
	11
	8
	4


SQI: SPEECH QUALITY INDEX. This index is a comprehensive description of BER, FER, and HANDOVER EVENT in TEMS software. The relationship between SQI and call quality is shown in Figure 18.
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Figure 18 Relationship Between SQI and Call Quality

7.3 Intra-System Interference
7.3.1 Unreasonable Frequency Planning
In network planning, unreasonable frequency points and wrong adjacent cell relationships are often configured due to reasons such as planning tool or human factors. The fault phenomena include DL_RxQuality too large in downlink drive test procedure, MS unable to access network, poor call quality, and call drop, etc.
Co-channel interference will be reflected in both performance statistics and drive test. In performance statistics, it is found that all statistics indices are low, while in drive test, it is found that DL_RxQuality is too large. 
Check co-channel connection for frequencies by PM planning tool, and co-channel can be found if there exists any. However, for edge area, since the external frequency cannot be obtained, in order to accurately locate interference in edge network, block the cells with co-channel in edge network. Meanwhile, implement tracing test by DT instrument in places with large DL_RxQuality value. If co-channel interference problem exists, then DL_RxQuality will become less after blocking cells. Therefore, network interference can be eliminated through modifying frequency points of the cell.
7.3.2 Interference due to Cross-Cell Coverage 
In network planning, incorrect engineering parameter and network parameter setting will cause the actual cell coverage much larger than that required by planning. The larger the coverage range, the higher the interference extent. 
1．
Engineering parameter setting

The engineering parameters are mainly antenna parameters: different gain of different antenna signals, H-plane half power beamwidth, V-plane half power beamwidth, and font-back ratio, etc. Therefore, it is very important to select appropriate antenna according to different coverage requirements in network planning.
Besides, since planning of antenna downtilt may have deviation or equipment installation isn’t implemented strictly according to planned data in the project construction process, all these will cause the cell coverage range much larger than that actually needed, generate interference upon other cells, and influence the network service quality. Therefore it is necessary to check the antenna parameters in the case of interference existing.
2．
Network parameter setting 
Network parameters include minimum access level, transmission power of site, maximum transmission power of MS, and handover threshold, etc. Incorrect setting of these parameters will cause cross-cell coverage and interference that shouldn’t have occurred..
7.3.3 Interference due to Equipment Fault
Radio fault of the site is mainly caused by uplink device failure. Diagnose if uplink device failure exists by the following steps:
Block the two inputs of a TRX and observe the uplink interference band. If it is 0, which indicates TRX itself hasn’t brought uplink interference, then disconnect the two excitations from the power amplifier input and observe the uplink interference band. If it is still 0, then it indicates no external interference exists.
If strong uplink interference still exists in the case that no excitation has been put on the power amplifier, then disconnect the cabinet-top feeder cable and observe the uplink interference band. If the interference is still strong, then the uplink interference fault can be located in the divider unit. If the uplink interference is eliminated after disconnecting the cabinet-top feeder cable, then the fault can be located in the exterior of equipment.
7.4 External Interference 
External interference refers to interference that is not caused by reasons such as equipment fault and unreasonable frequency planning, etc. Examples of external interference are interference caused by broadband repeater, CDMA system (high-end frequency signal), and signal jammer, etc. Such interference is difficult to find without instruments. The following introduces two methods of analyzing and finding interference by two instruments.
7.4.1 External Interference Decision by SITEMASTER

The frequency-sweep analyzer of SITEMASTER being used now cannot be directly applied in interference analysis and test due to its low sensitivity. However, a preamplifier has been added to the front end of SITEMASTER newly produced by this company, which enhances the interference analysis capability of the frequency-sweep analyzer. In order to apply the instruments being used now in interference analysis without increasing cost by repurchasing, connect the frequency-sweep input of SITEMASTER with the divider output, as shown in Figure 19.
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Figure 19 External Interference Decision by SITEMASTER
Please refer to manuals for SITEMASTER operations. In the connection test procedure, remove the downlink excitation of the site’s power amplifier. In order to test uplink interference, adjust the frequency-sweep bandwidth to 890 MHz ~ 915 MHz and observe the noise on bottom plate within the uplink frequency band. If continuous uplink level exists within a certain frequency band, then analyze whether it is due to big noise on bottom plate or uplink interference. Figure 20 shows continuous strong level existing within 20 MHz bandwidth, thus it can be diagnosed severe uplink interference exists.
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Figure 20 Spectrum Analysis Diagram of SITEMASTER
7.4.2 External Interference Decision by NetTek Analyzer
Use the spectrum analyzer NetTek Analyzer of TEK Company in uplink interference analysis of GSM900M uplink frequency band. TEK spectrum analyzers have several connection modes available for test analysis: obtaining interference information by its test antenna or by the output of divider mentioned previously.
Figure 21 describes an output of interference analysis and test. It indicates that strong level interference exists, but whether it will continue requires constant observation of this signal.
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Figure 21 Spectrum Analysis Diagram 1
Spectrum analyzer doesn’t have the continuous recording capability, but such kind of instruments of TEK has an output function, as shown in Figure 22.
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Figure 22 Spectrum Analysis Diagram 2
The figure clearly shows that continuous uplink signal with about -73 dBm intensity exists in the frequency point 909.780. Such kind of instruments of TEK has the three dimensional recording function (time, frequency, and signal intensity), which facilitates the problem locating. The red lines in the figure represent time duration, signal level intensity, and frequency point.
7.5 Interference Problem Handling Flow
It is advised to locate the problem by checking frequency planning data together with hardware troubleshooting.

The flow of handling interference is shown 
Figure 23
.
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Figure 23 Flow Chart of Handling Interference
Steps of handling interference are as follows

1．
Check indices, such as BER, idle interference band grade, etc. to find interfered frequency points.
2．
If interference exists in all carriers in one cell, then it is advised to check antenna feeder SWR, and hardware such as antenna, divider, and duplexer, etc. If interference still exists after troubleshooting, then use the spectrum analyzer to locate the interference source to eliminate interference.
3．
If the problem only exists in a few carriers, then it is advised to check frequency planning data, adjust and modify it if necessary. If interference still exists, then check carrier, adjust and modify it if necessary. If interference still exists, then use the spectrum analyzer to locate the interference source to eliminate interference.
7.6 Typical Cases
7.6.1 Interference in Cell of Indian SPICE Network 
【Fault Description】

It is reflected that uplink call quality of Indian SPICE network has become poor since March, 2005. Sometimes, the call even cannot be established, or a user can hear clearly the opposite end’s voice but the opposite end cannot hear the user’s voice.
【Fault Analysis】

It was initially diagnosed as poor signal, but the on-site test indicates it is not coverage problem in many places. For example, when the tested level is -85 dBm, the uplink call becomes abnormal, with phenomena such as intermittent voice, no voice, metallic noise, and current noise. Therefore, it is diagnosed that interference causes the problem. The background performance statistic data indicates high interference band grade of idle channels.
【Fault Handling】

Eliminate interference by the YBT250 interference tester.
1．
Analysis of YBT250 testing interference source (only connects with common CDU)
（1）
Test connection diagram
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Figure 24 YBT250 Test Connection Diagram

（2）
Test result

Figure 25
 shows that in the case of not adopting filter, the CDMA waveform is very strong with peak value around -35 dBm (the average value is around -60 dBm), which approximates GSM uplink band and tends to induce uplink interference to GSM network.
The average waveform tested by YBT250 is shown in 
Figure 25
.
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Figure 25 Average Waveform
（3）
Three dimensional interference diagram by YBT250 test
The following is the three dimensional interference diagram by YBT250 test
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Figure 26 Three Dimensional Interference Diagram

2．
Analysis of YBT250 testing interference source (connects with common CDU + CDMA filter of local office)

（1）
Test connection diagram
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Figure 27 YBT250 Test Connection Diagram

（2）
Test result
Figure 28 shows that after filtered by common CDU + CDMA filter, the CDMA waveform can be filtered to around -100 dBm, yet it cannot be filtered completely. This will cause interference to uplink edge area of GSM in CDMA frequency band.
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Figure 28 Average Waveform

（3）
Three dimensional interference diagram by YBT250 test
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Figure 29 Three Dimensional Interference Diagram
3．
Analysis of YBT250 testing interference source (connects with IRCDU + CDMA filter of local office)

（1）
Test connection diagram
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Figure 30 YBT250 Test Connection Diagram

（2）
Test result
Figure 31 shows that the filter effect if adopting IRCDU＋CDMA filter is much better than that of any other combination. It can filter CDMA waveform to be under -104 dBm, which can avoid the interference to GSM uplink frequency band network by CDMA network.
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Figure 31 Average Waveform

（3）
Three dimensional interference diagram by YBT250 test
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Figure 32 Three Dimensional Interference Diagram

Troubleshooting conclusion: The interference source locates in CDMA system. Through tests above, it is found that after adopting IRCDU+CDMA filter, the call quality becomes much better.
Chapter 8 Handling TCH Allocation Failure
8.1 Definition of TCH Allocation Failure
MS initiates the request of TCH allocation to BSC on SDCCH but fails to access TCH. MS must be the calling party or called party, and handover is not included (except for intra-cell handover).
The voice channel allocation failure rate is calculated based on the following formula:
Total times of voice channel allocation failure during busy time (excluding handover) / Total times of voice channel call attempt during busy time (excluding handover) ×100% 
Here, 
“Total times of voice channel call attempt during busy time (excluding handover)” refers to total TCH call attempt times after occupying SDCCH. It is the “Assignment Request” message sent to BSC by MSC that should be counted.
 “Total times of voice channel allocation failure during busy time (excluding handover)” refers to total failed TCH allocation times after occupying SDCCH. It is the “Assignment Failure+Clear Request(radio interface failure)” message that should be counted. Allocation failure reasons may be that BSC has no available TCH resource, or low layer fault occurs on the new channel, etc.
The voice channel allocation flow is shown in Figure 33.
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Figure 33 Voice Channel Allocation Flow

ASSIGNMENT FAILURE corresponds to ASSIGNMENT REQUEST, and reflects a TCH allocation failure.

For Assignment Failure (1), the reasons are mainly due to no idle channels available;
For Assignment Failure (2), the reasons are mainly due to site fault;

For Assignment Failure (3), it mainly refers to channel allocation failure occurring in air interface, which is caused by coverage, or interference, etc.
8.2 Main Reasons of Allocation Failure
Common TCH allocation failure may be caused by the following faults:

1．
Cell traffic congestion

The congestion rate of the cell is very high. When MS requests the voice channel, the system finds no TCH resource available, which causes the allocation failure.
2．
Hardware fault
Transceiver fault: in general, if TRX has fault, then the allocation failure rate will be very high, so will the handover-in failure rate because BSC will also allocate channel for MS during handover-in. If the channel allocation failure rate of the cell exceeds 10%, then the reason is most likely to be TRX fault. For such a cell, in order to locate which carrier causes the problem, obtain Abis signaling of the cell and find the carrier that causes allocation failure according to signaling analysis.
Combiner fault: such as no forward power output, etc.
3．
Co-channel or adjacent-cell interference

High bit error ratio due to interference makes MS unable to establish a second layer link with BTS, which causes the allocation failure.
4．
Antenna feeder system fault

Damage or erosion of antenna feeder cables will cause high SWR and influence transceiving performance.
The main diversity antenna is barred or the coverage is not even. In the case that the antenna only carrying TCH is barred or its coverage area is different from that of the antenna carrying BCCH or SDCCH, MS may be caused unable to occupy that TCH.
5．
Unreasonable parameter setting
Adopting FH but unreasonably setting HSN or MAIO will cause strong co-channel or adjacent-channel interference within the cell or between cells (with same FH groups), thus to cause allocation failure.
Setting T3107 too small will cause the network to release the channel before allocation is completed due to T3107 timeout.
6．
A interface or Abis interface transmission fault
If high transmission bit error ratio exists in A interface or Abis interface, then MS cannot implement signaling switching with the network normally, thus to cause allocation failure.
7．
Influence of repeater
In the case of adopting outdoor repeater, the microwave transmission mode is often used. Therefore, when the repeater amplifies site uplink/downlink signal, it also amplifies interference signal at the same time, which causes degraded signal quality and call drop in the end. Thus TCH allocation failure rate increases greatly.
8.3 Handling Flow
It is advised to locate the problem by checking radio parameters together with hardware troubleshooting.

The flow of handling TCH allocation failure is shown in Figure 34.
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Figure 34 Flow Chart of Handling TCH Allocation Failure
Steps of handling TCH allocation failure are as follows.

1．
Check if the cell traffic has congestion. If congestion exists, then resolve the problem through capacity expansion, traffic equalization, etc.
2．
Check if the cell radio parameter setting is reasonable, such as FH parameters, frequency data, etc. Optimize and modify unreasonable parameters.
3．
Check indices, such as BER and idle interference band grade, etc. to reduce or eliminate radio interference.
4．
Check the cell hardware, such as transceiver, combiner, divider, RF connections among boards, etc. Troubleshoot and replace faulted hardware.
5．
Check the antenna feeder system, such as antenna feeder SWR, whether antennae in one cell have the same direction, whether antenna feeder cables are connected incorrectly or inversely. Troubleshoot and replace faulted components.
8.4 Typical Cases
8.4.1 Low TCH Allocation Success Rate in Chang’an_Nanjiang Village

【Fault Description】

Statistics of the background performance indices indicates low TCH allocation success rate in cell 2 of Chang’an_Nanjiang Village_D1A site.
【Fault Analysis】

Check radio parameter setting and find it is reasonable. It is found in OMCR background dynamic management that one carrier of the cell cannot be occupied, thus it is diagnosed as hardware fault.
【Fault Handling】

After replacing the faulted board, the index increases evidently, and the problem is resolved, as shown in Table 8.
Table 8 Effect Before/After Replacing Board
	Date
	Site name
	Cell location area (LAC-CI)
	Total times of TCH allocation request 
	Total times of successful TCH allocation
	TCH allocation success rate (%)

	2005-07-16 18:00-19:00
	Chang’an_Nanjiang Village_ D1A
	LAC8416-CI25017
	825
	650
	78.79

	2005-07-17 18:00-19:00
	Chang’an_Nanjiang Village_ D1A
	LAC8416-CI25017
	847
	646
	76.27

	2005-07-18 18:00-19:00
	Chang’an_Nanjiang Village_ D1A
	LAC8416-CI25017
	853
	661
	77.49

	After replacing board

	2005-07-20 18:00-19:00
	Chang’an_Nanjiang Village_ D1A
	LAC8416-CI25017
	816
	801
	98.16

	2005-06-21 18:00-19:00
	Chang’an_Nanjiang Village_ D1A
	LAC8416-CI25017
	829
	817
	98.55


Chapter 9 Handling TCH/SDCCH Congestion
9.1 Types of Radio Network Congestion
With the development of mobile communication industry, import of competition mechanism, and increasing requirements of network quality from customers, the radio network service quality becomes more and more important. The network service quality is reflected in network indices such as congestion rate, call drop rate, and call quality, etc. Among the indices above, congestion, which brings a lot of inconvenience to users, becomes a hot problem that users complain most.
Moreover, radio network congestion is also an important index used to evaluate network operation. High congestion rate will influence other indices such as call drop rate, handover success rate, and call through rate, etc. Therefore, it is an urgent task to reduce radio network congestion and improve network operation quality.
Radio network congestion is mainly divided into the following two types:
· Voice channel congestion, i.e. TCH congestion;
· Signaling channel congestion, i.e. SDCCH congestion;
9.1.1 SDCCH Congestion
Request and allocation of SDCCH is shown in Figure 35.
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Figure 35 Request and Allocation of SDCCH

After receiving the channel request sent through BTS by MS, BSC will query SDCCH resource. If there is no available SDCCH, BSC will send “Immediate Assignment Reject” message to MS, this message also contains T3122, which defines the minimum interval after which MS is allowed to initiate the next call. In this way, further network congestion can be avoided.
9.1.2 TCH Congestion
Request and allocation of TCH is shown in Figure 36.
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Figure 36 Request and Allocation of TCH
After receiving the “Assignment Request” message issued by MSC, BSC will query TCH resource. If there is no available TCH, BSC will send “Assignment Failure” message to MSC with the reason of no available radio resource, which corresponds to Assignment Failure (1) in the above figure.
9.2 Reasons of Radio Network Congestion
The following are possible reasons of channel congestion:

1．
Traffic density is high and exceeds the designed site capacity.
2．
Equipment hardware fault, such as shortage of available resource due to unstable equipment, channel congestion.
3．
Fault in adjacent cells.
4．
Unreasonable LAC planning, such as that LAC border locates in area with high traffic density or main trunk roads. In such areas, there are a lot of users and the location update is very frequent thus to form unreasonable call model and reduce the system capacity.
5．
Unreasonable radio parameter setting, such as toggle position update and toggle handover caused by unreasonable definitions of cell reselection hysteresis, handover tolerance, and cell handover-out trigger level, etc.
6．
Coverage is overshooting, and the isolated island phenomenon (cross-cell coverage) exists.
9.3 Handling Flow
It is advised to locate the problem by checking radio parameters together with hardware troubleshooting.

The flow of handling TCH congestion is shown in Figure 37.
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Figure 37 Flow Chart of Handling TCH Congestion
Steps of handling TCH congestion are as follows:
1．
Check whether the cell and its adjacent cell work normally, and check TCH availability to locate unstable equipments. If the adjacent cell works abnormally, then this cell will additionally assume some traffic of the adjacent cell;
2．
Check the traffic mobility to see whether the TCH congestion is caused by excessive handover. If it is, then reduce the handover times by optimizing handover parameters to reduce congestion;
3．
Check radio parameter setting, such as toggle position update and toggle handover caused by unreasonable definitions of cell reselection hysteresis, handover tolerance, and cell handover-out trigger level, etc.

4．
Through field intensity test, analyze whether the coverage is overshooting and the isolated island phenomenon exists.
When an isolated island of coverage of a cell appears in some area, it will cause MS to be always in the service cell that initiates the paging since predefined adjacent cells cannot be detected in such an area. No matter how signals change, handover cannot be implemented normally and that call drop occurs.
To avoid such cases, two methods can be adopted. The first method is to adjust the antenna of the isolated island to eliminate the isolated island phenomenon. However, the radio wave propagation is very complex, many tests should be implemented to achieve the goal of eliminating isolated island phenomenon without influencing coverage areas, and the isolated island phenomenon in high buildings is very difficult to eliminate completely.
The other method is to define new adjacent cell for the isolated island cell. The principle of defining its parameters is: the handover/location update from the isolated island cell to normal cell has higher priority over that in the inverse direction.
5．
If congestion is caused by high traffic density, then check whether the base station’s configuration is the full configuration. If not, then plan to expand the capacity with enough TRX.
The flow of handling SDCCH congestion is shown Figure 38.

[image: image38.wmf]SDCCH congestion 

rate is high in a 

certain cell

Is LAC area plan reasonable

? 

TCH traffic density is not high and 

no congestion exsits

Congestion is caused by 

excessive location update

.

availability ratio

 of the cell

Increase 

T

3122

 

appropriately

Add 

S

DCCH

Optimize and adjust 

cell reselection 

hysteresis

Adjust location 

area border

Troubleshoot 

hardware fault

Low

Yes

End

Congestion is 

caused by high 

traffic density

No

No

Yes

Yes


Figure 38 Flow Chart of Handling SDCCH Congestion

Steps of handling SDCCH congestion are as follows.

1．
Check whether the cell works normally, and check SDCCH availability to locate unstable equipments.

2．
Check the traffic mobility to see whether the SDCCH congestion is caused by excessive location update.
3．
If the congestion is caused by excessive location update, then check whether LAC planning is reasonable: if it is reasonable, then reduce the location update times by optimizing the cell reselection hysteresis; if it is unreasonable, then consider modifying LAC border to reduce the location update times.
4．
If the congestion is caused by high traffic density, then check TCH channel number and traffic. On the premise that TCH traffic is not high and no congestion exists, SDCCH can be added and the interval of counter T3122 can be lengthened appropriately.
9.4 Typical Cases
9.4.1 High SDCCH Congestion Rate in Shiliuhua Hotel, XI’an

【Fault Description】

The background performance indices indicate that the SDCCH congestion rate in cell 2 of this site is high.
【Fault Analysis】

Analysis indicates that most of the SDCCH allocation is caused by calling and called service.
【Fault Handling】

Analysis indicates that this cell has small traffic and comparatively idle, thus to add SDCCH channel number of this cell to reduce SDCCH congestion rate.
Table 9 Comparison of Parameters Before and After Adjustment
	Date
	Site name
	Cell location area (LAC-CI) 
	Congestion rate of signaling channel (%)
	Congestion rate of traffic channel (excluding handover)
	Total overflow times of signaling channel 
	Total traffic of signaling channel

	2005-05-23
	Xi’an_Shiliuhua hotel_DVI
	LAC8414-CI25462
	4.48
	0
	233
	4.8888

	2005-05-24
	Xi’an_Shiliuhua hotel_DVI
	LAC8414-CI25462
	4.35
	0
	214
	4.7436

	After adjusting parameters

	2005-05-25
	Xi’an_Shiliuhua hotel_DVI
	LAC8414-CI25462
	0.01
	0
	1
	4.9683

	2005-05-26
	Xi’an_Shiliuhua hotel_DVI
	LAC8414-CI25462
	0
	0
	0
	4.8628

	2005-05-27
	Xi’an_Shiliuhua hotel_DVI
	LAC8414-CI25462
	0.01
	0
	1
	5.1967


Chapter 10 Handling TCH Handover Failure
10.1 Handover Types and Algorithms 
The most outstanding characteristic of mobile communication is that MS is not fixed while the base station is fixed. The communication quality tends to degrade due to this characteristic together with surrounding interference. An effective measure to solve the problem is handover. The handover flow guarantees normal communication, and sometimes handover can even improve the communication quality. Therefore, correctly applying various kinds of handover algorithms is a critical job for network quality improvement.
Handover means that MS moves from one site’s coverage area to another site’s coverage area during a call; or the procedure (in the case of degraded call quality due to outside interference) of switching from the original voice channel to a new idle voice channel so as to keep the call.
The purpose of handover mainly concerns the following five points:
1．
Saving handover, which is to save the call-in-progress.
2．
Edge handover, which is to improve the call-in-progress.
3．
Intra-cell handover, which is to reduce interference in the cell.
4．
Directed retry, which is to increase call completion ratio.
5．
Forced handover, which is to balance inter-cell service distribution.
According to GSM specification, there are four handover modes:
1．
Intra-cell handover

2．
Intra-BSC inter-cell handover
3．
Intra-MSC inter-BSC cell handover

4．
Inter-MSC cell handover

Intra-cell handover within a BTS is called synchronous handover because it doesn’t need to send the TA (TimeAdvance) value to BSC before and after handover. The asynchronous handover refers to those that GSM system needs to re-measure the TA value before and after handover.
The following are some handover algorithms:

1．
Uplink or downlink interference handover algorithm
2．
Uplink quality/downlink quality handover algorithm
3．
Uplink level/downlink level handover algorithm
4．
Power BudGeT (PBGT) algorithm
5．
MS-BS distance algorithm
6．
Directed retry handover algorithm
7．
Rapid level drop algorithm
8．
Macro-cell and micro-cell handover algorithm
9．
Concentric handover algorithm
10．
Traffic handover algorithm

The flow of handling TCH handover is shown in Figure 39.
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Figure 39 Flow Chart of TCH Handover
After MS receives the Handover Command message in the original cell, it will attempt to access the object cell based on the handover information in the Handover Command message. If the handover succeeds, the Handover Complete message will be sent from the object cell; otherwise, MS will return to the original cell to send the Handover Failure message. If the return to the original cell fails, then it indicates MS disengages from the network and call drop due to handover failure occurs.
10.2 Reasons of Handover Failure
The following are main reasons of handover failure:

1．
Unreasonable parameter setting
There exist adjacent cells with same frequency and same BSIC; handover thresholds are set unreasonably (higher, lower, or the edge handover threshold is higher than the power control threshold); the handover priority is set unreasonably; the best cell statistics time P and N are set unreasonably; CGI, BCCH, and BSIC in the data table of external cell description are inconsistent with the actual data; the BSC object signaling points configured in the “Location area cell list” by MSC are wrong.
2．
Coverage
If there is not enough overlapped coverage area between the object cell and the source cell, handover may fail due to MS being unable to log on TCH of the object cell. In such a case, the probability of MS returning to the source cell is low.
3．
Interference
High bit error ratio due to interference makes it unable to establish the second layer link between MS and BTS, which causes the handover failure.
4．
Base station hardware fault
CDU fault, carrier fault, clock board fault, and internal communication cable fault.

5．
Antenna feeder system
The antenna feeder SWR is too large; the cell’s antennae are installed inversely; the cell’s antenna installation doesn’t strictly follow the specification, azimuth and downtilt of the cell are unreasonable; antenna isolation doesn’t satisfy requirements; cables are twisted or connectors are loosened, etc.
6．
When interconnecting with equipments of other companies, the signaling in A interface and E interface cannot be identified or supported due to signaling inconsistency between those companies and ZTE, thus handover failure is caused. The inconsistencies involve voice version, handover number, TUP circuit, and addressing mode (CGI or LAI), etc.
10.3 Handling Flow
It is advised to locate the problem by checking radio parameters together with hardware troubleshooting. Besides, through creating handover observation job, the failure rate of handover to each object cell can be analyzed.
Steps of handling TCH handover failure are as follows:
1．
Check whether radio parameter setting is reasonable, such as if same frequency and same color code exist in adjacent cells, if handover parameter setting is reasonable, and if data configuration of external cell is correct. Implement optimization and adjustment on those unreasonable parameters.
2．
Check indices such as BER and idle interference band grade to eliminate radio interference.
3．
Check coverage through drive test. For areas with bad coverage or areas without enough overlapped coverage area between the object cell and the source cell, especially troubleshoot hardware faults to improve coverage.
4．
Check the cell’s hardware, such as CDU, transceiver, clock board, and RF connections among boards, etc. Troubleshoot faulted hardware and replace them.
5．
Check the antenna feeder system, such as antenna feeder SWR, if antennae of a cell have the same direction, if errors exist in antenna feeder connections. Troubleshoot faulted hardware and replace them.
The flow of handling TCH handover failure is shown in Figure 40.
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Figure 40 Flow Chart of Handling TCH Handover Failure
10.4 Typical Cases
10.4.1 Low Handover Success Rate in Zhonglou Business Office, Xi’an
【Fault Description】

The background performance report data indicates that the handover success rate in cell 2 of this site is low.

【Fault Analysis】

Checking radio parameters, it is found that cell 29992 and cell 16953 have same frequency and same color code, and distance between them is short.
【Fault Handling】

Modify BCCH of cell 29992. After adjusting parameters, indices are improved evidently and the problem is resolved, as shown in Table 10.
Table 10 Parameter Comparison Before and After Adjustment
	Date
	Site name
	Cell location area (LAC-CI)
	Total times of handover request
	Total times of handover success
	Handover success rate (%)

	2005-05-28 18:00-19:00
	Xi’an_Zhonglou Business Office_DV2
	LAC8412-CI29992
	70
	27
	38.57

	2005-05-29 18:00-19:00
	Xi’an_Zhonglou Business Office_DV2
	LAC8412-CI29992
	43
	18
	41.86

	2005-05-30 18:00-19:00
	Xi’an_Zhonglou Business Office_DV2
	LAC8412-CI29992
	66
	18
	27.27

	After adjusting parameters

	2005-06-15 18:00-19:00
	Xi’an_Zhonglou Business Office_DV2
	LAC8412-CI29992
	25
	24
	96

	2005-06-16 18:00-19:00
	Xi’an_Zhonglou Business Office_DV2
	LAC8412-CI29992
	25
	25
	100


10.4.2 Low Handover Success Rate in Caotan, Weiyang
【Fault Description】

The background performance report data indicates that the handover success rate in cell 1 of this site is low.

【Fault Analysis】

Checking radio parameters, the configuration is reasonable. It is found in the dynamic data management of OMCR that a carrier in the cell cannot be occupied, thus it is diagnosed that hardware fault exists in the carrier.
【Fault Handling】

After replacing the faulted board, indices are improved evidently and the problem is resolved, as shown in Table 11.
Table 11 Comparison Before and After Board Replacement
	Date
	Site name
	Cell location area (LAC-CI)
	Total times of handover request
	Total times of handover success
	Handover success rate (%)

	2005-06-10 18:00-19:00
	Weiyang_Caotan_D1A
	LAC8415-CI25023
	345
	52
	15.1

	2005-06-11 18:00-19:00
	Weiyang_Caotan_D1A
	LAC8415-CI25023
	221
	64
	29

	2005-06-12 18:00-19:00
	Weiyang_Caotan_D1A
	LAC8415-CI25023
	266
	28
	10.5

	After board replacement

	2005-06-14 18:00-19:00
	Weiyang_Caotan_D1A
	LAC8415-CI25023
	160
	152
	95

	2005-06-15 18:00-19:00
	Weiyang_Caotan_D1A
	LAC8415-CI25023
	160
	154
	96.3


10.4.3 Low Handover Success Rate in Dongdatieliao, Chang’an 
【Fault Description】

The background performance report data indicates that the handover success rate in cell 1 of this site is low.

【Fault Analysis】

Checking radio parameters, the configuration is reasonable. Analyzing through background signaling tracing, it is found that uplink signal of this cell’s carrier (frequency point 728, 726, 699) is very weak (Ta is 1.1 kilometers), thus it is diagnosed that fault exists in the cell’s hardware such as divider unit, etc. Implement hardware troubleshooting.
【Fault Handling】

Implementing hardware troubleshooting on the site, it is found that errors occur in connection among equipments. After modifying the connection, the site restores normal and the problem is resolved, as shown in Table 12.
Table 12 Equipment Connection Comparison Before and After Modification
	Date
	Site name
	Cell location area (LAC-CI)
	Total times of handover request
	Total times of handover success
	Handover success rate (%)

	2005-06-02 18:00-19:00
	Chang’an_Dongdatieliao_ D1
	LAC8416-CI25405
	520
	113
	21.73

	2005-06-03 18:00-19:00
	Chang’an_Dongdatieliao_ D1
	LAC8416-CI25405
	517
	102
	19.72

	2005-06-04 18:00-19:00
	Chang’an_Dongdatieliao_ D1
	LAC8416-CI25405
	576
	97
	16.84

	After handling hardware fault

	2005-06-09 18:00-19:00
	Chang’an_Dongdatieliao_ D1
	LAC8416-CI25405
	277
	272
	98.19

	2005-06-10 18:00-19:00
	Chang’an_Dongdatieliao_ D1
	LAC8416-CI25405
	297
	261
	87.87
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