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1. Introduction

In [1] there was discussion about RSRQ accuracy in idle mode. In this contribution we discuss the issue further, provide practical measurement results for an E-UTRA implementation and analyse the existing specifications to evaluate the implicit requirements which define the reselection performance. The analysis follows from the way forward in [2]
2. Discussion

Measurement accuracy in idle mode has not been directly specified by RAN4 ever since WCDMA release 99, since it is understood that there is a tradeoff between UE idle power consumption and the needed reselection performance. Moreover, RSRP/Q in idle mode are UE internal quantities which are not reported to RNC/eNB although the network does configure various reselection thresholds, meaning that UE internal measurements should be accurate enough to provide the expected reselection performance.
Our view is that it is expected that RRC_Idle accuracy of UE measurements could not be as quite as good as RRC_Connected accuracy. The principal reason is that there are fewer sampling and averaging opportunities available for the measurements. For example, taking 25.133 as an example and looking at TmeasureE-UTRA and TevaluateEUTRA, we can see that TevaluateEUTRA is 3∙ TmeasureE-UTRA for all DRX cycles. The implication is that a UE which spaces its measurement samples every TmeasureE-UTRA can use at most 3 measurement samples to evaluate E-UTRA quality, and according to minimum requirements shall use at least 2 samples. 
Table 4.2: TdetectE-UTRA, TmeasureE-UTRA and TevaluateEUTRA
	DRX cycle length [s]
	TdetectE-UTRA [s]
	TmeasureE-UTRA [s]

(number of DRX cycles)
	TevaluateEUTRA [s] (number of DRX cycles)

	0.08
	30
	2.56 (32)
	7.68 (96)

	0.16
	
	2.56 (16)
	7.68 (48)

	0.32
	
	5.12 (16)
	15.36 (48)

	0.64
	
	5.12 (8)
	15.36 (24)

	1.28
	
	6.4 (5)
	19.2 (15)

	2.56
	60
	7.68 (3)
	23.04 (9)

	5.12
	
	10.24 (2)
	30.72 (6)


For E-UTRA interfrequency reselection, according to 36.133, a greater number of samples could in principle be used
Table 4.2.2.4-1 : Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate,E-UTRAN_Inter

	DRX cycle length [s]
	Tdetect,EUTRAN_Inter [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Inter [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_Inter
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


We note that the number of samples in the evaluation period assuming minimum rate sampling is in the range 3-5, depending on the DRX cycle length. Again, the minimum requirement is 2.

One aspect that we would like to emphasise is that increased filtering of the UE measurements at the expense of taking longer to perform evaluations would not necessarily lead to better field performance of reselections. Increasing the number of measurement samples (ie measuring more frequently than the minimum Tmeasure) would be harmful to UE battery life. Hence we consider that it is rather important that the existing freedom to provide power efficient UE implementations is maintained as a principle in RAN4, rather than directly specifying an accuracy which may either require increased measurement activity or extension of the evaluation time, either of which may be harmful in the long run. Later in the contribution we analyse the coverage of existing requirements to ensure that RSRP/Q measurements are suitable for good reselection performance without directly specifying an accuracy.
Observation 1: There is a tradeoff to be made between RSRP/Q accuracy, UE reselection time and UE power consumption in idle mode

Proposal 1 : Measurement accuracy for idle RSRP/Q should not be directly specified by RAN4.
Measurement results
To study the topic further, laboratory measurements were perfomed using a commercial LTE/HSPA/GSM chipset. The laboratory setup is shown in figure 1 and the configuration is broadly similar to the one reported in [1]. UTRA idle RSRQ accuracy is considered, since this is the case that was discussed and seen problematic in [1].
[image: image1]
Figure 1 : Laboratory setup for RSRQ accuracy evaluation.

Two E-UTRA cells were configured. eNB1 is the target cell to be measured, and eNB3 is configured to be barred so that reselection to it cannot occur, and it generates interference with full load. A UTRA node B is also configured, so that the UE may camp on UTRA and interRAT idle mode RSRQ accuracy can be evaluated. The barred interfering cell (300/11) signal/interference level is set such that RSRQ of eNB1 is approx. -16 dB in all tests. RSRQ measurements were collected using UE trace functionalities over a period of 5-10 minutes.
The results of this practical evaluation are shown in figure 2
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Figure 2 : Results of RSRQ accuracy evaluation
From the results, it can be seen that, 90% of the measurement samples are within -0.9dB to +1.7dB of the nominal RSRQ, and the median RSRQ traces are around -15.65dB. 
It must be emphasized that these results were obtained in very ideal laboratory conditions which are very similar to the conditions in which the device was calibrated. Therefore, they do not directly show the device performance when conditions such as operating temperature vary. Nevertheless, the results indicate good measurement performance do not suggest any significant issue. In the next section we consider the coverage of existing specifications.
Analysis of existing specifications
Although RSRP/RSRQ accuracy is not directly specified, there are the implicit requirements on the margin by which the reselection criteria has to be met to trigger a reselection. The following requirements on margins are currently specified in 36.133 and 25.133:

[image: image3]
The reason for the different formulations in 25.133 and 36.133 is that it appears 25.133 has never been updated to include RSRQ triggered reselection ( as of the current v11.3.0). This is something which we address in a separate CR, but we assume that in practical implementations and based on the measured results in this contribution, the 4dB margin requirement may be applicable also to iRAT reselections with the 6dB requirement being relevant for RSRP based reselection, rather than both RSRP and RSRQ. 
Our recommendation would therefore be to specify a 4dB margin for RSRQ based reselection in 25.133 similarly to the one which exists already for interfrequency RSRQ absolute priority reselection in 36.133. This should be sufficient to ensure sufficient measurement performance from devices, while also ensuring that compromises on idle mode power consumption are minimised.
3. Conclusions

In this contribution we discussed the issue further, provided practical idle interRAT measurement results for an E-UTRA implementation and analyse the existing specifications to evaluate the implicit requirements which define the reselection performance. Based on the analysis we think that 25.133 should be updated to include requirements for reselections triggered by RSRQ (specifying the margin by which RSRQ reselection criteria need to be met).
The contribution notes that in idle mode there are typically less sampling opportunities due to the necessary DRX operation and the need, nevertheless, to perform reselection rapidly. RRC Connected measurement accuracy typically allows for more measurement samples to be filtered. However, for idle mode, increased filtering of the UE measurements at the expense of taking longer to perform evaluations would not necessarily lead to better field performance of reselections. Increasing the number of measurement samples (ie measuring more frequently than the minimum Tmeasure) would be harmful to UE battery life. Hence we consider that it is rather important that the existing freedom to provide power efficient UE implementations is maintained as a principle in RAN4, rather than directly specifying an accuracy which may either require increased measurement activity or extension of the evaluation time, either of which may be harmful in the long run. Later in the contribution we analyse the existing requirements to ensure that RSRP/Q measurements are suitable for good reselection performance without directly specifying an accuracy.

Observation 1: There is a tradeoff to be made between RSRP/Q accuracy, UE reselection time and UE power consumption in idle mode

Proposal 1 : Measurement accuracy for idle RSRP/Q should not be directly specified by RAN4.
We note, however, that RSRQ reseclection has not been fully specified in 25.133 and have provided a corresponding CR to address the issue.
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36.133 inter-frequency reselection


… provided that the reselection criteria is met by a margin of at least 5dB for reselections based on ranking or 6dB for RSRP reselections based on absolute priorities or 4dB for RSRQ reselections based on absolute priorities.


25.133 inter-RAT reselection


… provided that the reselection criteria is met by at least 6dB and the Treselection timer is set to zero.
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