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1
Introduction
In RAN1#71, proposals on limiting UE interference measurement has been made [1][2]. In RAN#58 it was decided to have this issue addressed in RAN4 first and inform RAN1 by LS. RAN4 have several meetings discussed this issue, and in RAN4#67, there are still no solid way forward achieved, the only agreement is the RAN4#68 meeting is deadline to response LS to RAN plenary about conclusion of RAN4 discussion. 
In this paper, we continue to analyze this interference averaging issue. And specifically we provide more insights on the DPS/DPB operation and impact of periodic/aperiodic CQI report latency, as well as the interference and SINR level for CQI reporting for CoMP scenario.
2
Discussion 
In previous paper[10][16], we explained the interference filtering impact to OLLA, and observed that: if without per-subframe CQI reporting, it seems the only merit of instant interference measurement for load relevant interference status does not exist for OLLA. Because if the CQI report is not sent per sub-frame, the delay will make the reported instant results out of date and degrade the accuracy. Simulation in [10] shows that the performance with averaged interference are better than that of the instant interference in all the OLLA offsets, and interference averaging is specifically helpful for cell edge performance when the system is in high load situation. 

In addition, it is no need to consider additional effort to specify the UE averaging behaviour, since UE, instead of eNB, is in a better position to observe the signal and interference variation, and to decide its averaging behaviour. Hence no need for signalling from network to UE to indicate the averaging interval.
And this contribution will more focus on the TM10 cases. 

2.1
DPS and DPB with averaged/non-averaged interference measurement
Some companies bring the concern on the support for DBP/DPS with IMR averaging. In [17,18], it is mentioned the UE is unaware of TP blanking/switching, and as such any IMR interference averaging threatens the proper COMP operation. But that is not the real case.
For dynamic point selection (DPS), BS can configure multiple CSI processes to one UE, each process associated to one CSI RS and IMR configuration, and related CQI reporting mode. Then the UE will measure interference for different CSI process and associated different TP, and the interference averaging is naturally within in its CSI process and will not be mixed up for different TPs.   
For dynamic point blanking (DPB), multiple processes could be configured as well, in which one is for the non-blanking of neighbouring transmission point, another is for the blanking TP. In the same situation, multiple CSI processes could facilitate accurate CoMP IMR measurement averaging without mixing them up. 
If UE only supporting single CSI process, network can configure two different CSI measurement sets like eICIC application to monitor two different interference conditions on each measurement subset and UE will provide independent CSI measurement for each subset. So UE will get the accurate interference measurement and perform interference averaging under different point assumption without the mess of interference detection.
One element which might impact the results is the interference pattern. One may expect to see better performance of instant IMR report than averaged IMR report under the fast change of interference. However, TTI level interference change is impossible tracked by periodic CQI reporting due to the feedback delay. 
· Normally, periodic CQI reporting is baseline assumption for performance evaluation, where timely and accurate sub-band feedback is not possible. According to RAN1 specification [19], for each reporting instance, only one subband CSI information or a rough wideband CSI is contained. To get accurate full bandwidth CSI information, long time latency is needed. In this case, using restricting CQI measurement to reflecting the fast TTI level changes on interference does not make sense. 
· For aperiodic CQI, though more accurate CQI feedback can be provided if it is able to be scheduled more frequently than the periodic CQI reports, the PDCCH overhead and PUSCH overhead will be quite large. Considering limited PDCCH resource, it is impossible to trigger CQI feedback frequently. Moreover, if no PUSCH packet is scheduled, aperiodic CQI reporting will trigger a dedicated PUSCH scheduling according to RAN1 specification. Normally, aperiod CQI reporting is on the demand for special use case, not for regular purpose. Therefore, whether the limiting interference measurement relying on aperiodic reporting could bring significant gain is still one open issue.
The below simulation results show the difference performances between the IMR averaging or instant IMR report for DPB in burst load case and full load case. In the simulation, 9-cell coordination is assumed for CoMP scenario 2 case and 3 CSI processes for UE feedbacks was configured, one is for no muting, the second feedback is for the strongest aggressor cell muting, and the third is for the second strongest aggressor cell muting. 
The scheduling and CQI compensation is performed by per TTI based, and 5ms measurement period is configured, almost the best timely case for instant report. In simulation, we assume all subbands CQIs are reported simultaneously for each 5ms, however according to [19], it is impossible to report all the subbands reports simultaneously in realistic application, so the real feedback delay will be enlarged which will degrade the performance of non-averaging report case. Even in this case the interference averaging shows some gains over the non-averaging case, the gain comes from interference smoothing to dynamic fluctuation of interference under burst traffic. Because 5ms feedback period and 5ms feedback delay makes the instant interference measurement unreliable in real application.
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Figure 1: DPB performance comparison between with IMR average and w/o IMR average
Observation1: Averaging interference measurement is still feasible in DPB case and outperforms non-averaging interference measurement.   
2.2
Outside-Cluster interference impact to the non-averaged interference measurement
It is claimed the non-averaged IMR measurement report are benefit on the scenario of TM10 CoMP with good coordination between TPs, however still some concern need to take into account. With real implementation considerations, the CoMP cluster size could be most possibly as 2 or 3 TPs. If in a small or moderate size cluster, it is still possible that the interference on IMR may come from other cell which is not coordinated. Thus fully rely on instant interference measurement may have risk. In additional, the CoMP with tight TP coordination is only a small portion for CoMP deployments. For TM10, we need to consider both CoMP UE and non-CoMP UE. For non-CoMP UE or only one CSI process is configured, with coordination or without coordination makes no difference from UE interference measurement point of view. On the other hand, backhaul limitation could prevent the tight interference coordination and load information exchange. Based on this argument, the baseline assumption in TM10 should be no instantaneous coordination between cells.
In order to further analyze the interference and SINR information for CoMP scenario, some simulation results are provided. Basic simulation assumption is CoMP scenario 1 and DPB coordination. The figure 1 shows the subband interference of one cell-edge user, including total interference, removing first strongest interference and removing first two strongest interferences, corresponding to 2 TPs and 3 TPs coordination cases. In addition, the SINR snapshot for instant measurement report and averaged measurement report with forgetting factor was also provided in the figure 2, where the coordinated TP number is 2, and reporting period is 5 ms. Actual SINR is corresponding to per TTI true interference measurement. SINR measured error and quantized error has been taken into account. 
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                                Figure 1: interference statistics of coordinated case
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                          Figure 2 SINR comparisons for different estimation methods  
From the figure 1 and 2, we could find:  
· The interference from outside of the Cluster is not negligible. 

· Even in coordinated case, averaging interference based SINR reporting is more approaching to actual SINR than instant interference measurement. The underlying reason is outside-cluster interference playing a big role, which makes instant interference unreliable. 
Observation 2: 
· Tight TP coordination can’t always guarantee the benefit of instant interference measurement 

· Considering the realistic implementation, the baseline assumption in TM10 CoMP should be no instantaneous coordination between cells. The gain from tight TP coordination is hardly achieved. 
With the above analysis and observations, we don't see the clear gain and in reverse we do see the loss in CoMP DPB scenario. Hence we don’t see the need to introduce interference measurement limitations (instant average, average behaviour limitation and signalling for average behaviour) at all and propose:

Proposal: Do not change the UE behaviour from Rel. 8-10 that allows averaging interference estimates in time for Rel. 11.

4
Conclusion
In this paper, we discussed the Interference averaging limitations, analysis the intention, impact and potential benefit.  
We have the following observations:

Observation1: Averaging interference measurement is still feasible in DPB case and outperforms non-averaging interference measurement.   

Observation 2: 

· Tight TP coordination can’t always guarantee the benefit of instant interference measurement 

· Considering the realistic implementation, the baseline assumption in TM10 CoMP should be no instantaneous coordination between cells. The gain from tight TP coordination is hardly achieved.  
With the above analysis and also observations in [10], we don’t see the need to introduce interference measurement limitations (instant average, average behaviour limitation and signalling for average behaviour) at all and propose:

Proposal: Do not change the UE behaviour from Rel. 8-10 that allows averaging interference estimates in time for Rel. 11.
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