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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. And several papers [3]~[10] discussed this issue in RAN4#66. 

In this paper, we continue analysis this interference averaging issue. 
2
Discussion 
As mentioned in [3]~[9], there are majorly two intentions to consider limiting UE interference measurements.

· Intention to match the OLLA functionality with the UE CQI measurement behaviour: as explained in [3] [4][5] the convergence behaviour of the ACK/NACK based OLLA of BS scheduler highly depends on the way the interference estimates vary in the CQI estimates. With this concern, it is proposed instant interference measurement and left the intelligent of how to filtering in BS side. This intention could target to both legacy UE and TM10 CoMP UE.
· Intention to provide better performance for some specific Release 11 CoMP scenarios (intra-site, expecting very tight TP coordination and minimal uncontrolled interference exists), where the interference in IMR is artificially injected and the interference is controlled by the network. In these cases it is claimed that knowing exactly what the interference the UE is seeing without significant filtering could be helpful to better decide the TP scheduling. The concern is the filtering may not reflect the latest measurement for TP scheduling hence instant interference measurement is proposed. This intention could only target to TM10 CoMP UE.
2.1
Interference filtering impact to OLLA
OLLA (outer loop link adaptation) is ACK/NACK based, while the BS scheduler could consider the CQI result from latest report in addition of ACK/NACK conditions to decide the next subframe MCS.
The CQI report is scheduled by BS and may have different reporting period thus when deciding the next SF MCS, BS relied CQI report could already be a report received several subframes ago. Impact to OLLA as follow:
· Channel variant: When considering the rel.8/10 CQI reporting scheme, the channel variant have already been taking into considered that the CQI report period and results could correctly reflect the channel status. And the rel.8/10 test includes the case to ensure that the UE does not apply excessive time-domain averaging on the channel part of the reported CQI while leaving flexibility for UE’s interference averaging implementations. 

· Load relevant interference status: In addition if without per-subframe CQI reporting, it seems the merit of instant interference measurement for load relevant interference status does not exist, although considering leaving the intelligence to BS scheduler filter. And the load relevant interference is not easily to be predicated according to the instant SF measurement, since in most cases BS is lacking of load information of other BS for the next SF.  
· Accumulated error: Based on step by step ACK/NAK indication, OLLA compensation is trying to track true CQI change. In this sense, OLLA offset reflects an accumulated effect. However, if reporting instant CQI, any CQI measured error will cause OLLA offset diverged from correct compensation. In addition, for fast load change scenario, OLLA will be very hard to follow actual CQI change. 

The simulation in [10] shows that with all the OLLA offsets, for the mean and cell edge cases, the performance of averaged interference are better than that of the instant interference. Even with the optimized OLLA offset, instant interference reports are observed to cause the significant cell edge performance degradation (~8%) on high load. 

In additional considering the IMR accuracy of instant measurement, simulation in [10] shows that CRS based interference measurement can result in more dense interference sampling, but no obvious performance difference comparing to IMR based interference measurement. 

Further observations in [10] shows that interference averaging or instant interference doesn’t make big difference if the system load is low; interference averaging is helpful for cell edge performance when the system is in high load situation.
Observation 1: 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. 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. 
Another consideration is whether the UE behaviour on interference averaging should be specified and tested. Some papers observed that different averaging period could be suitable in different scenarios [8, etc]. However the UE is already capable to be flexible on different scenarios. Specifically with forgetting factor the interference is smoothed thus if adjusting the forgetting factor, the historical reported result impact could be variant towards the current report, and the forgetting factor should be adjusted by UE itself according to its current circumstance. UE, instead of eNB, is in a better position to observe the signal and interference variation, thus to decide its averaging behaviour. And rel.8/10 requirements are already ensuring UE’s reliable performance. It is no need to consider additional effort to specify the UE averaging behaviour, thus no need for signalling from network to UE to indicate the averaging interval.
Observation 2: It is no need to consider additional effort to specify the UE averaging behaviour. UE, instead of eNB, is in a better position to observe the signal and interference variation, thus to decide its averaging behaviour. Hence no need for signalling from network to UE to indicate the averaging interval.
2.2
Interference filtering impact to TM10 CoMP TP scheduling
In [3]~[10], case of TM10 CoMP with good coordination between TP was defined. That means if UE CQI could reflect accurate interference status for the current SF, and if BS will also be able to know the load of all the TPs for CoMP UE of next SF, thus it is predictable for the interference status of next SF and even the following SFs, until updated by the next CQI report. In this case, the instant interference measurement might have the merit of reflecting load relevant interference status and can help with MCS decision by method like inner loop LA. In addition TM10 CoMP is assumed to use in a slow speed cases, and the channel variation is less while interference may be traffic load depended. 
While some real implementation considerations shall be taken into account: 
· The CoMP cluster size could be a major concern, as also mentioned in [6]. If in a 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. Obviously, with real implementation considerations, we can not avoid deployment of small or moderate CoMP clusters, thus cannot avoid strong interference from cells uncoordinated. 

· 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, it is not easy to measure the interference of neighbouring cell or neighbouring TP. 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.
Observation 3: Considering the realistic implementation considerations, the baseline assumption in TM10 CoMP should be no instantaneous coordination between cells. The gain from tight TP coordination could be hardly achieved. 
With the above analysis and observations, 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:

Observation 1: 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. Simulation in [10] shows that the performance with averaged interference are better than that of the instant interference with all the OLLA offset cases, and interference averaging is specifically helpful for cell edge performance when the system is in high load situation. 

Observation 2: It is no need to consider additional effort to specify the UE averaging behaviour. UE, instead of eNB, is in a better position to observe the signal and interference variation, thus to decide its averaging behaviour. Hence no need for signalling from network to UE to indicate the averaging interval.
Observation 3: Considering the realistic implementation considerations, the baseline assumption in TM10 CoMP should be no instantaneous coordination between cells. The gain from tight TP coordination could be hardly achieved. 
With the above analysis and observations, 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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