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1. Introduction
In RAN4 #67, further discussion continued regarding interference averaging measured on IMR. No agreement was reached again due to divided views among companies. Discussion on IMR averaging is also blocking progress on CoMP CSI test design since design of static CSI test to verify IMR definition is pending on decision on IMR averaging. One agreement was that RAN4 should conclude the discussion and send out LS response to RAN1 by end of RAN4 #68 with whatever status of discussion at that moment. 
After intense discussion, technical issues regarding IMR interference averaging is now clear and companies’ opinion can be classified into 3 categories. 
· There is no need to restrict interference averaging and current status of undefined UE behaviour is fine. 

· UE interference averaging should be unconditionally restricted to latest SF for UE configured with multiple CSI processes. For UE configured with single CSI process, interference averaging could be restricted by RRC signalling. 
· RRC signalling should be introduced to specify UE interference averaging behaviour irrespective of number of configured CSI processes for the UE
In this paper, we provide our view and recommendation on interference averaging measured on IMR. 
2. Discussion
Simulation and analyses from several companies [1][2][3][4][5] indicate that interference averaging is indispensable to maintaining robust link adaptation performance in dynamic interference environment. If UE report CSI based on instantaneous interference measurement, CSI reporting could be highly unreliable and thus result in BLER overshoot and degraded throughput performance. The reason for unreliable CSI reporting could be measurement variance due to statistical nature of received signal and interference mismatch between CSI measurement and PDSCH transmission. In packet data network like LTE, interference mismatch issue is particularly pronounced since PDSCH scheduling in each eNB is dynamically changing over time depending on channel and traffic condition. 
Observation 1: Interference averaging is indispensable to maintaining robust link adaptation performance. 

Interference can be averaged either by UE or by eNB. Averaging on UE will be based on raw channel and interference observed on reference signal. For TM1-9 UE, interference will be measured on CRS. For TM10 UE, interference will be measured on IMR. Averaging on eNB will be based on CSI feedback from UE. CSI feedback consists of WB and/or SB CQI and corresponding rank and PMI to derive the CQI. Averaging on UE is, in general, more reliable since UE has complete picture of channel and interference. On the other hand, CSI information available to eNB is limited in terms of dimension and quantization. For example, UE can derive CINRs for all rank and PMI hypotheses and perform averaging on each of them and select the optimum rank, PMI and CQI based on averaged CINR for all hypotheses. However, eNB can have CQI conditioned on UE-selected rank and PMI and averaging at eNB could be significantly limited when there is rank or PMI switching between CSI report instances. It was indeed observed in [6] that quite frequent PMI switching could be observed in typical network deployment scenario. Furthermore, CQI is quantized CINR and thus less accurate than raw CINR observed at UE. UE can implement sophisticated averaging algorithm to align CQI to PDSCH BLER performance on various channel and interference conditions as close as possible based on raw CINR observation but network cannot perform such optimization due to limited amount of information. 
Observation 2: Interference averaging on UE is better than interference averaging on eNB due to limited information at eNB. 

With the introduction of CoMP, some companies raised concern that UE interference averaging on IMR might prevent eNB from performing per-SF interference coordination. In cases where tight interference coordination is implemented among TPs in CoMP cluster across large geographical area, UE CSI filtering may prevent eNB from getting true picture of the interference on each IMR instance. However, even with this concern, unconditional restriction of interference averaging on TM10 UE is not desirable due to following reason. First, we cannot assume all CoMP network will have tight interference coordination across large geographical area. For example, in CoMP scenario 1, CoMP cluster consists of only 3 sectors in the same cell site and CoMP scheduling would not be coordinated among eNBs belonging to different cell sites. In this case, UE will still observe significant amount of uncoordinated interference and interference averaging will be beneficial. Furthermore, TM10 can also be deployed even in non-CoMP network to benefit from interference measurement on IMR. Interference mismatch issue for colliding CRS is a well know problem for legacy TMs and this problem can be avoided by relying on IMR for interference measurement. For non-CoMP TM10 network, interference averaging on UE would be critical for robust link adaptation operation. 
Observation 3: Blindly restricting interference averaging for TM10 UE is not desirable. 
Main concern from companies that want to specify restricted interference measurement on IMR is that interference condition might be changing over IMR instances due to interference coordination by eNB. However, if UE has to derive CQI calculation based on instantaneous interference measurement while interference is changing over time, it would break periodic CQI report. For periodic CQI report, CQI report is conditioned on latest rank indication. Thus, if interference power measured on IMR instance before RI reporting is different from that observed on IMR instance before CQI report, CSI report could be suboptimal due to RI mismatch. Thus, time varying interference across IMR instances would break underlying assumption on periodic CQI reporting.  
Observation 4: Time varying interference across IMR instances would break underlying assumption on periodic CQI reporting. 

Previously, we proposed solution based on network signaling. If we can define RRC signaling to specify UE interference averaging behavior, CoMP network with tight interference coordination will be able to restrict UE interference averaging to obtain instantaneous interference measurement from UE CSI reporting. Other networks without tight interference coordination can allow UE interference averaging to benefit from it. However, adding RRC signaling to Rel-11 specification is becoming more challenging since it requires ASN.1 change. Since RAN4 #68 is last meeting before RAN #61, it is unlikely that we can have RAN2 CR to add RRC signaling before RAN #61. Considering that ASN was already frozen in RAN #59, it would be almost impossible to change it in RAN #62. 
Observation 5: Although RRC signaling solution is attractive, it is impossible to introduce it in Rel-11. 

Based on this observation, we believe that RAN1/RAN2/RAN4 have to address restricted interference measurement on IMR, especially network signaling based solution, in Rel-12. Also from observation 4, this restriction should be pursued only for aperiodic CSI reporting wherein complete set of CSI reporting can be reported in one SF. For Rel-11, we can rely on multiple IMR resources or measurement SF restriction to allow network to emulate different interference condition. For UE supporting multiple CSI process, network can define up to 3 IMR resources, which can be used to emulate different interference scenarios. For UE supporting only single CSI process, network can configure restricted measurement SF similar to ABS pattern in FeICIC. Network will be able to emulate two different interference conditions on each measurement SF subset and UE will provide CSI measurement for each subset. 
Observation 6: Without interference averaging restriction on IMR, network can still emulate different interference condition by relying on multiple IMR resources or measurement subframe restriction. 

Proposal 1: Address restricted interference measurement on IMR in Rel-12 only for aperiodic CSI reporting. 
3. Conclusion
In this contribution, we provided our analyses on the issue of interference averaging on IMR. Our observations are

Observation 1: Interference averaging is indispensable to maintaining robust link adaptation performance. 

Observation 2: Interference averaging on UE is better than interference averaging on eNB due to limited information at eNB. 

Observation 3: Blindly restricting interference averaging for TM10 UE is not desirable. 

Observation 4: Time varying interference across IMR instances would break underlying assumption on periodic CQI reporting. 

Observation 5: Although RRC signaling solution is attractive, it is impossible to introduce it in Rel-11. 

Observation 6: Without interference averaging restriction on IMR, network can still emulate different interference condition by relying on multiple IMR resources or measurement subframe restriction. 

Based on these observation, we propose following. 

Proposal 1: Address restricted interference measurement on IMR in Rel-12 only for aperiodic CSI reporting. 

We propose to take our observations and proposal into account in the discussion of restricted interference averaging on IMR. 
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