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Discussion
1. Introduction
In RAN2#72b, it was questioned whether filtering of UE measurements can help solve RSRQ measurement inaccuracy problem resulted from ABS. In this contribution we study the filtering effects on RSRQ measurements through probabilitic models for various configurations.
2. Measurement model assumptions 
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Figure 1 UE measurements and measurement reporting
Figure 1 shows UE measurements and measurement reporting procedures. UE makes L1 measurement (RSRP/RSRQ) every L1 measurement period, and these samples are averaged through Layer 1 filtering and reported to L3 (RRC) every L3 measurement period. These inputs to the L3 are then averaged via an IIR filter and the corresponding outputs are evaluated to see whether measurement reporting criteria can be met. 
To facilitate our evaluation of filtering effects on RSRQ measurement inaccuracy due to ABS, we make following assumptions on UE measurements

1. As it is not specified in the standard whether the L1 measurement should be periodic or not, the probability that a L1 measurement is made within the common ABS subset is equal to the fraction of common ABS. We assume it to be 1/8 or 1/16 in our study. 

2. As discussed in [1], the RSRQ value measured in common ABS is 6 times the value obtained in non-ABS.

3. Layer 1 and Layer 3 measurement periods are assumed to be 50ms and 200ms, respectively.
4. Layer 1 filtering is assumed to take the form of Yt = (Xt-150+Xt-100+Xt-50+Xt)/4, where Xt-150, Xt-100, Xt-50, Xt are L1 measurements made at time t-150, t-100, t-50 and t respectively and Yt is the L3 measurement at time t.

5. Layer 3 filtering is approximated by a FIR filter with
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The approximation is accurate when k<=4. 
6. The layer 3 coefficient k is assumed to be 0, 2 or 4. 
7. Time-To-Trigger is assumed to be 160, 320, or 480ms.

3. Probabilistic analysis of RSRQ measurement inaccuracy 
According to assumptions 1 and 2 in the last section, the L1 measurement X has the following probability mass function:
Pr(X=RSRQnon-ABS)=1-pABS and Pr(X=6*RSRQnon-ABS)=pABS
The cumulative distribution functions of Yt and 
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 can then be derived according to assumptions 4 and 5. Note that Xt-150, Xt-100, Xt-50, Xt are i.i.d random variables and Yt-600, Yt-400, Yt-200, Yt are i.i.d random variables. The plots of the cumulative distribution functions of Yt and 
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 for different parameter configurations are given below. 
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We note that the probability that a filtered L3 RSRQ measurement is 3dB over the RSRQ measurement on the non-ABS subframe is more than 20% when pABS=1/8 and around 10% when pABS=1/16. Such an optimistic report could mistakenly avoid measurement report even if the channel condition has already dropped below certain threshold. Moreover, as the measured channel condition has to remain low for TTT in order to trigger measurement report, a larger TTT could aggravate the problem as analyzed below.   
The impacts due to Time-To-Trigger configuration

1. When Time-To-Trigger is 160ms, no additional L3 measurement needs to be examined other than the first filtered L3 measurement that falls below the measurement report threshld. Thus the probability that a measurement report will be triggered is 
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. Note that RSRQth is the threshold at which the measurement report should be triggered
2. When Time-To-Trigger is 320ms, one additional L3 measurement needs to be examined other than the first filtered L3 measurement that falls below the measurement report threshld. Thus the probability that a measurement report will be triggered is 
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3. When Time-To-Trigger is 480ms, two additional L3 measurements need to be examined other than the first filtered L3 measurement that falls below the measurement report threshld. Thus the probability that a measurement report will be triggered is 
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Let 
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. The probabilities that a measurement report will be triggered for various configuration parameters are provided in the following table. Note that these results are obtained under the assumption that k=4.
Table 1 The probabilities that a measurement report is triggered
	
	pABS=1/8
	pABS=1/16

	
	TTT=160
	TTT=320
	TTT=480
	TTT=160
	TTT=320
	TTT=480

	∆RSRQ=-3dB
	0.6856
	0.5914
	0.5094
	0.8773
	0.8465
	0.8161

	∆RSRQ=-4dB
	0.8916
	0.8538
	0.8176
	0.9737
	0.9672
	0.9608

	∆RSRQ=-5dB
	0.9749
	0.9685
	0.9635
	0.9966
	0.9961
	0.9958


4. Conclusion
This contribution performs probabilistic analysis of filtering effects on RSRQ measurement accuracy. The results indicate that filtering can not effectively resolve the RSRQ measurement problem caused by ABS. The results also show that configuration of large TTT value could aggravate the problem.
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Filtering coefficient k is configured by RRC signaling
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