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Introduction

Operators who have deployed UMTS/3G network have used GSM/2G network as an overlay network. This overlay network could be their old legacy 2G network or in Greenfield UMTA operators case, it may be partner’s 2G network. This overlay of two networks enables the voice and some data coverage when the user moves out of 3G coverage and depending on the way in which the network is setup, the user may experience short drop in service. 

UEs at the cell edges, where the pilot signal drops below a pre-specified level, must choose another 3G cell, or alternatively search for another 2G cell. If the 2G radio signal is strong then the UE camp on 2G signal until it moves back into 3G coverage, however at the cell 2G/3G boundaries due to fluctuation in the radio signals the UE bounces between 2G and 3G coverage, in an undetermined state. This bouncing between two coverage is termed ping-ponging. During this ping-ponging state the UE is in an undermined state and has temporary connection to either 2G or 3G, and whilst the UE is searching to camp to another cell, it cannot make nor receive calls. This ping ponging has another serious drawback and it is the drain on precious battery: UEs consume a lot of battery power when they are performing full scan of available frequencies and networks.

One additional and more poignant side effect of this ping-ponging is the perceived poor quality of service to the user. The user at the cell boundaries feels helpless as his mobile switched back and forth between cells and unable to neither make nor receive calls. Users have complied that even in stationary position their handsets flips back and forth between 3G and 2G. 

This phenomenon is not new and its effect has been documented on 2G as well as 3G systems where a hard handover occurs; for example when the UE is near a radio cell border the call gets switched back and forth between different cells. This caused increased noise, increased signalling and chance of a dropped call. In our case it is not a handover between two cells nor RNCs, however it is a handover between our 3G network (PLMN) and partner’s 2G networks. The UE when is out of 3G coverage it has to register on partner’s 2G network and this ping ponging occurs between two different PLMNs, therefore the problem is not a hard handover between two frequencies nor it is a soft handover between two cells, it is UE’s registration from one PLMN to another PLMN.

There are two approaches to this problem:

Either

1- Change setting on the UE such that it stays on one PLMN, say 3G, for longer period of time 

or

2- Reduced the ping-ponging frequency between two PLMNs

Both of the solutions above would require modicum of changes to the way in which the UE measures the signal strength and consequently how it selects the PLMN. However our main aim is to find solutions through which the UE suffers minimal ping- ponging and thus increasing the quality of service.  

Operators who have both 2G and 3G networks may be able to limit the effect of ping-ponging by sending neighbouring cell information on system information blocks (SIBs) which are sent on 3G networks as well as 2G networks. This way when the UE has locked on 2G signal, it is aware of neighbouring 3G cells and thus able to lock on to 3G quicker instead of performing lengthy PLMN scan. However Greenfield 3G operators, who use partner’s 2G overlay network, may not have access to partner network’s system information and thus unable to send their own 3G neighbouring cell information. This ‘disability’ in sending 3G cell information on partner’s 2G network contributes to ping-pongin.

The objective of this contribution is to illustrate the extent of the ping-ponging phenomena, various UEs performances and possible ways through which the problem could be reduced.  

Dependencies

Before the results of investigation are discussed it may be useful to highlight main dependencies of the ping-ponging. Generally speaking ping-ponging is dependent on the following 3 key things:

1. Terminals: the antenna performance, receiver sensitivity and receiver algorithms dictate the amount of signal detected. UEs with poor receiver chain performance would struggle to maintain contact with weak signal at border regions. Furthermore the scan time and the way in which UE scans for PLMNs dictates its ping-ponging performance 

2. Location: the P-CPICH pilot signal strength and the signal geometry is very much dependent on the geography of the cell and furthermore on the radio channel conditions.   

3. Parameters: ping-ponging phenomena cannot be minimised by using existing parameters, such as QrxlevMin alone. Thus new parameters, such as hysteresiss are required, to reduce this effect. 

Test Procedures

20 Different UEs of varied make and models were tested. UEs were categorised into three groups: 


Category 1: UEs carried out 6 minute scan of 3G networks whilst in 2G


Category 2: UEs carried out 3 minutes scan of 3G networks initially whilst on 2G, and then every 6 minutes thereafter


Tests were carried out across 5 MSC areas and in total 4215 cells were measured for ping-ponging effect. This was spread over the UK coverage only. Test cell sites were in no particular order. 

Ping-ponging data were colleted over 24 hours of normal operation and normal load per handset. 

During the course of this study over 8 million handsets were tested for ping-ponging and 98280 cases of Ping-ponging were detected.
 

In order to remove ping-ponging due to users being in motion, users travelling from one cell to another were omitted. 

Using test equipments, the numbers of ping-ponging were counted on the MSC. In order to qualify, the UE had to have at least 5 arrivals to the same cell within 1 as per Figure 1. 
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Figure 1 Ping Ponging at 3G/2G coverage border

Test Results 

The numbers of handsets test during this trial are shown in Figure 2. UEs 1-12 have standard 6 minute PLMS scan and UEs 13-20 have standard 2 minute scan plus additional 6 minute PLMN scan.

Figure 2 illustrates the number of UE tested for ping-ponging trials, Figure 3 illustrates the number of ping-ponging observed per UE Type and Figure 4 illustrates the ratio of number of ping-ponging occurrences per number of UE tested.
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Figure 2 Number of UEs tested for Ping-Ponging trials
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Figure 3 Ping-Ponging cases observed per UE Type
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Figure 4 Ratio of number of Ping-Ponging observed per number of UE tested

By focusing on different categories it can be observed that the following UEs produced the highest ping ponging cases during these trials:

· In Category 1 UE10 

· In Category 2 UE 13

One obvious observation that can be made from these results is that, in each category, see Figure 4, the ping-ponging results are not consistence. Depending on the make and model of the UE, in a given environment, their behaviours are different from each other. These inconsistencies could be attributed to difference in receiver sensitivities and Ec/No and RSCP levels inside UEs. 

Observations

The data collected during this trial indicate that largest proportions of ping-ponging occur in rural areas and suburban areas. For example, Figure 5 illustrates some of highest ping-ponging occurrences seen during the trial. These areas re predominantly rural and suffer less cell breathing than in dense urban area.
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Figure 5 coverage map illustrating highest ping-ponging locations

Generally the cell loading in rural areas are lower compared to urban areas, however more ping-ponging were observed in rural areas. 

Ec/No, RSCP and Missing Parameter 

The PLMN selection follows the procedure described in details in 25.304 specifications. For a UE to camp on a PLMN cell the following criteria must be satisfied:

Srxlev > 0  AND Squal>0  {Cell selection condition}   
Where Srxlev is the P-CPICH signal level and is described the following condition:

Srxlev=Qrxlevmeas-Qrxlevmin-Pcompensation

and Squal is the P-CPICH quality level and is described with the following condition:

Squal=Qqualmeas-Qqualmin

And Pcompensation is described as the maximum transmitted power allowed for the cases in the uplink maxTxpowerUL together with the maximum power P available at UE defined as Pcompensatation=max(amxTxpowerUL-P,0).

Qrxlevmin is the RSCP (Received signal Code Power) in the P-CPICH channel measured in dBm by the UE and Qrxlevmin is the minimum RSCP level, configured by the operator. Qrxlevmin, value ranges between –115 dBm to 125 dBm, depending on the radio condition and operators preferences. 

For the quality measurement, Qqualmeas is the Ec/No values measured in P-CPICH and Qqualmin is the configurable minimum Ec/No in the CPICH, which ranges from –24dBm to 0dBm. 

In normal operating conditions UE measures the signal strength and the quality of P-CPICH signal received from various Node-Bs and camps on the cell, which satisfies the cell selection condition. 

When the user moves to 3G boarder areas, the P-CPICH signal strength as well as the quality of signal drops below a limit set by the operator. When the UE encounters this condition, it declares an out of service condition and initiates a cell search procedures by scanning different frequencies.  This out of service conditions have been observed on cases where the RSCP as well as Ec/No of P-CPICH have fallen below set limits. See Figure 6. Points shown in Figure 6, illustrates cases where UEs have dropped out of 3G and camped on 2G:
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Figure 6 Ping-ponging occurs when Ec/No and RSCP of P-CPICH have fallen below set limits

As suggested the Ec/No and RSCP of the P-CPICH must remain the limits specified by the operator, which are dictated by the coverage strategy and environmental conditions. To limit the occurrence of ping-ponging the operator can only vary Ec/No and RSCP values and it can only have the following two consequences:

1. In order to avoider low P-CPICH areas, Ec/No and RSCP are set slightly high. This has the benefit of switching the UE to 2G however this artificially reduces the 3G coverage

2. Ec/No and RSCP are set lower than Min-Ec/No and Min-RSCP. In this condition the UE will loses the radio bearers well before it declared out of service and in some case will not initiate PLMN scan.

  See Figure 7 for case 1 and 2 described above.
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Figure 7 Low and high limits of Ec/No and RSCP and its effect on ping-ponging
To observe the effect of varying Ec/No on ping-ponging, the EcNo were raised by 4 dBs across limited cells. The value of RSCP was unaltered. This had less than 1% effect on the ping-ponging occurrences.

In addition to varying the Ec/No and RSCP values a number of practical measures can be utilised in order to strengthen the pilot channels signal in the coverage area. These measures come under the site optimisation category and they consist of:

· Using high gain antennas

· Changing the orientation of antennas

· Changing the down-tilt of the antennas

During the course of this trial a number of sites were optimised by altering the down-tilt of the antennas in order to reduce the ping ponging occurrences. In one site, 50% reduction in ping ponging was observed however no improvements were observed in other sites. Therefore we cannot assume that site optimisation could solve this problem completely. Furthermore individual site optimisation across the entire UK coverage, to reduce ping pongig, would be unpractical and very costly.

The discussion so far has indicated that, in order to reduce the ping-ponging occurrences; the operator has very limited radio resource parameters to work with. Therefore to limit the occurrences of ping-ponging additional radio resource parameters are required within the standards.

In previous contribution R2-061478, we illustrated that, in order to minimise the ping-ponging occurrences, a number of new parameters would be required in the standards. 

Here we give a brief overview of hysteresis parameters that would help to reduce the ping-ponging occurrences. 

[image: image8.jpg]UE Drops out of HPLMN

VPLMN

P-CIPCH power at UE

P-CIPCH out of
coverage
hysteresis
levels

Sciteria threshold

Event 1F-Primary CPICH becomes worst than threshold Event

Received signal falls below out of service hysteresis
level which is slightly less than Scriteria

Out of service is declared and full PLMN and band scan
is started

Visiting PLMN is selected as received power of VPLM is stronger than ~ <—
HPLMN




Figure 8 P-CIPCH Hysteresis when the UE drops out of HPLMN
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Figure 9 P-CIPCH Hysteresis when the UE Returns to HPLMN

In order to avoid UEs ping-ponging, the background VPLMN scan is started when the UE detects the out-of-coverage hysteresis level as the P-CIPCH is reduced, see Figure 8. This may reduced the out of service period and allow faster transition to 2G. 

Once UE has camped on 2G, it periodically scan the 3G signal for P-CIPCH strength and it will only camp on the 3G once the P-CIPCH signal has reached higher then the in-coverage hysteresis level, see Figure 9. Although this approach forces the UE to remain in 2G longer, never the less it has the benefit of recurring ping-ponging effect.

Ideally, the operator should be able to retain control of these hysteresis parameters and should be able to tune them on a cell-by-cell basis according to the radio environment. We would like to propose that hysteresis parameters, such as the ones illustrated in Figure 8 and Figure 9, to be defined in 3GPP such that network could broadcast these parameters on system information blocks along with other cell information. The P-CIPCH hysteresis parameters are a starting point and additional parameters may be required.

Conclusion

Extensive investigations on 3G network has illustrated that ping-ponging occur frequently in 2G/3G border areas where the P-CIPCH signal is weak. The results have also highlighted that ping-ponging is not the result of cell breathing as they occur frequently in rural areas, where cell breathing is minimal. 

The UEs tested for ping-ponging illustrate variable performance across make and models. Irrespective of the scan procedure inside the UE, all UEs indicated ping-ponging. 

Site optimisation and Ec/No level adjustments proved to be ineffective to reduce the ping ponging.

Lack of suitable radio resource control parameters in current 3GPP standards, restrains operators’ capability in limiting ping-ponging and we propose to start discussion on introducing parameters such as P-CIPCH power hysteresis parameters to limit the ping-ponging occurrences. 

� It needs to be clarified here that these indicate ping-ponging case observed. A UE may have been logged more than once during these trials. As long as the UE indicated more than 5 ping-pongin, that particular UE was logged for a 24 hour period.
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