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1 Introduction 

During last RAN plenary meeting an issue related to Layer 3 filtering was discussed. It was not clear which method should be used for L3 filtering: Processing averages in the linear or logarithmic domain? It was noted that different companies had different interpretations on this. RAN decided that both options would be allowed in Release 99. RAN4 was tasked to develop a technical correct solution for each measurement no later than for Release 5. This document presents some simulation results that should help RAN4 to decide on the way forward.

2 Statement of the problem 

· Measurements from physical layer may be filtered before event evaluation if L3 filtering is switched on.

· L3 filtering: IIR with recursive definition, Fn = (1-a)*Fn-1 + a*Mn, with:  
Fn-1  previous filter output, 
Mn next measurement result, 
a=1/2^(k/2) L3 filter coefficient,  
k=0…19 parameter configured by network 

· Two possibilities: 
1) Calculate L3 filter outputs in linear domain (e.g. in mW)
2) Calculate L3 filter outputs in logarithmic domain (e.g. in dBm)

3 Simulations

Assumptions:

· Scenario: UE driving away from Node B No.1 and towards Node B No. 2. Distance between Node Bs: 1000m. Minimum distance between UE and Node B: 200 m

· UE speeds of 3 km/h, 30 km/h and 60 km/h.

· Slow fading according to macro cell pathloss model in TS25.942 
[PL=128.1 dB + 37.6 log(R/km) + lognormal_fading]

· Correlation of slow fading over distance according to model in UMTS 30.03
(Correlation-0.5 distance 20 m, exponential correlation function)

· Node B Tx power: +43 dBm

· Antenna gains: Node B 11 dBi, UE 0 dBi

· Minimum coupling loss: 70 dB

· CPICH transmit Ec/Ior: -10 dB

· Computation of actual CPICH_RSCP in dBm for 200ms measurement period (4 samples taken), L1 reporting rate to L3 filtering: 1 measurement per 200 ms.

· Computation of output of L3 filter for CPICH_RSCP in linear (mW) and logarithmic (dBm) domain

· Recording of error-factor (CPICH_RSCP_log/CPICH_RSCP_lin) for many runs at different speeds and for different filtering coefficients. 

· CDF of error-factor for 3 km/h, 30 km/h and 60 km/h environments and different filtering coefficients

· Recording of additional delay for event 1A triggering (CPICH_RSCP enters reporting range) in case of filtering in logarithmic domain.

· CDF of this additional delay in event 1A triggering for 3 km/h, 30 km/h and 60 km/h environments.

Examples for CPICH_RSCP (perfect measurements @ rate of 1/200 ms, 4 samples/measurement)
Exemplary run from 800m distance down to 200m distance to Node B No. 2 at 3 km/h (720 seconds):
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Exemplary run from 200m distance up to 800m distance Node B No. 1 at 3 km/h (720 seconds):
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Exemplary run from 800m distance down to 200m distance to Node B No. 2 at 30 km/h (72 seconds):
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Exemplary run from 200m distance up to 800m distance to Node B No. 1 at 30 km/h (72 seconds):
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Exemplary run from 800m distance down to 200m distance to Node B No. 2 at 60 km/h (36 seconds):
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Exemplary run from 200m distance up to 800m distance to Node B No. 1 at 60 km/h (36 seconds):
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CDFs for CPICH_RSCP error-factor over many runs:
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CDFs for additional delay of event 1A triggering in case of logarithmic filtering compared to linear filtering

Filtering parameter k=7
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It should be noted that the delay in triggering an event when CPICH RSCP is increasing beyond a threshold is much more critical than the delay in triggering an event when CPICH RSCP drops below a threshold. The reason is: If a cell becomes strong enough to be included into the active set it is very important to do that as fast as possible. Otherwise one has to take the risk to drop the call because the old cell(s) in the active set might already be too weak for reliable communications. It happens quite often that a cell suddenly appears when an old cell disappears (drive around a corner). In such situation it does not matter if the old cell is removed from the active set immediately or with some delay. But it is very essential to add the new cell as soon as possible to the active set without any unnecessary delay. Otherwise calls will be dropped at a higher rate. This priority for adding new cells is a typical CDMA property and cannot be compared to systems like GSM that do not make use of soft handover. In the cases investigated here (3, 30, 60 km/h), the median of the additional delay was up to 1.8 seconds. That could cause severe increase in the number of dropped calls.

4 Conclusion

L3 filtering in logarithmic domain can result in quite large differences to the ideal value when the L3 filter coefficient gets small enough (k values > 2-5 depending on speed). The issue is not very critical for very large L3 filter coefficients (k in the range of 0…2). Therefore, it is recommended to use linear domain filtering for measurements that ar critical to system performance. In particular filtering in the linear domain should be used for CPICH_RSCP, CPICH_EcIo, pathloss.

It is also important to note that the complexity of handling the conversion between linear an logarithmic domain is not a valid argument as the technology used for implementing UMTS is not comparable to the state of the art at times when GSM was rolled out. Furthermore it is not a very strong argument to keep measurements in UMTS compatible to GSM by adopting inconsistent averaging in the logarithmic domain just because of legacy reasons.

When filtering in the logarithmic domain is used, the L3 filtering output follows quite fast when the measured quantity drops very quickly. Output of filtering in the linear domain does not drop as fast in that situation. This behaviour does not mean that the filtering in the linear domain would overestimate the measured quantity; it just computes the right linear average according to the filtering coefficient. An additional delay in reporting events when a signal level goes below a configured threshold are not very critical, because there is no risk to drop a call because of that. 

A much more critical case for the correct working of a CDMA system is the capability of reporting candidates for addition into the active set in a timely manor. So if the measured signal level rises very quickly beyond a configured threshold value, this should be reported as soon as possible. Filtering in the logarithmic domain causes additional delays for the reporting of such events. Depending on the speed this additional delay can be quite critical (1.8 seconds median in the simulation for 60 km/h and k=7). It is therefore strongly recommended to perform L3 filtering for CPICH_RSCP, CPICH_EcIo and pathloss in the linear domain. UTRA Carrier RSSI and UE Tx Power could be done in logarithmic domain.

Annex 
In order to clarify some unclear definition of what is the correct reference for a mean power when the power follows a log-normal distribution, this annex is just recapitulating what the shape of such distribution is and what the mean power would be.

PDF of a power that is log-normal distributed with 10 dB standard deviation around 0 dBm, depicted in dBm:
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This PDF has a symmetrical shape when depicted in dBm. This means that in this case the median is 0 dBm or 1 mW. This does not imply that the mean would be the same.

PDF of a power that is log-normal distributed with 10 dB standard deviation around 0 dBm, depicted in dBm:
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This PDF does not have a symmetrical shape when depicted in mW. There is a considerable part of the PDF reaching out to rather high power levels compared to the median of 1 mW. This leads to a mean of 11.6 dBm or 14.4 mW. 

Therefore, for lognormal distributed power levels, the mean value can be quite different from the median value.

