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1 Introduction
Interference measurements have been identified as a problem and it was concluded in RAN1 #67 [1] that:

· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.

· Interference measurements using CRS REs alone are not satisfactory for Rel-11.
This is especially important in light of new scenarios such as CoMP scenario 4 where cells have same IDs. Even non CoMP transmission modes need proper interference measurement when cell IDs are same. It was concluded in RAN 1 #68bis [2] that the following need further evaluations 
· Number of IMRs that can be configured for a Rel-11 UE

· Whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· Whether an IMR can have finer granularity than 4 REs/PRB
This contribution discusses our views on these topics. 
2 Number of IMRs 

The number of IMRs should strike a balance between performance and overhead and legacy impact. Obviously a large number of REs for IMR would enable the UE to report accurate CQIs for different signal and interference situations. This is especially important for DPS/DPB CoMP where such situations may be large [3].  However this would make less REs available for PDSCH transmission and also increase the performance degradation on Rel 8/9 UEs. 
An IMR could be configured for each CSI-RS resource that is configured to the UE for channel measurement. IMR usage helps in better interference estimation than using the same CSI-RS resources for this purpose. But for TPs with strong channel, the CSI-RS resource may be sufficient to estimate interference and an IMR may not be needed. Thus the number of IMRs for estimating interference due to TPs in the CoMP measurement set should be at most equal to the number of CSI-RS resources that a UE is configured to report in CoMP mode. An additional IMR could be configured so that the UE can measure out of CoMP set interference [4]. This will be useful for the UE to report aggregated CQI. 

Proposal 1: For a CoMP measurement set size of N, at most N+1 IMRs should be configured. 
3 Configuration of IMR
The REs used for interference measurement could be zero power (ZP) CSI-RS resources, non zero power (nZP) CSI-RS resources or new muted REs defined for Rel-11 UEs. The choice is again determined by performance versus overhead and need to introduce new signalling support. 
In [2], it was decided that CSI-RS resources should be sufficient for interference measurement and there is no need to introduce new REs. The best interference measurement comes if IMR REs are chosen from the possible set of ZP CSI-RS resources that can be configured. Since no channel measurements can be done, this may increase the total number CSI-RS resources needed to be configured for the UE as compared to usage of nZP CSI-RS resources as IMR. However since the basic motivation for IMR was to better estimate the interference, we believe that this should take priority over overhead. Also given the low density of CSI-RS, especially for low mobility scenarios, the extra overhead associated with transmitting additional ZP CSI-RS resources for interference measurement should be acceptable.   

Proposal 2: REs to be used for IMR are configured only from ZP CSI-RS resources. 
4 Granularity of IMR

If some ZP CSI-RS REs are used for IMR, the feedback will increase as UEs have to be informed which REs to perform interference measurement. At present 4 REs/PRB is the granularity for ZP CSI-RS resources as a trade-off between channel estimation accuracy and RRC signalling overhead. Thus a 16 bit bitmap suffices to denote the presence of the ZP CSI-RS resources. This is optimal for 4 port CSI-RS and extending this to cover 1 and 2 port CSI-RS would take the overhead to 32 bits. Defining IMR REs to have finer granularities than 4 REs/PRB could lead to better estimation of interference covariance matrix. 
However interference would be estimated over several sub-bands and subframes which lead to averaging effect irrespective of the number of REs defined for IMR. Also in receivers such as MMSE option 1, which are more easily implemented, estimating interference power is of more important than spatial correlation properties of interference. IMR REs with 4 REs/PRB would provide higher gain than what is currently in place with minimum changes in standard. 
Proposal 3: The granularity of IMR REs is kept to 4 REs/PRB to reuse existing signaling mechanisms.  
5 Conclusion

We have the following proposals for interference measurement in Rel-11 UEs 

Proposal 1: For a CoMP measurement set size of N, at most N+1 IMRs should be configured. 

Proposal 2: REs to be used for IMR are configured only from ZP CSI-RS resources. 
Proposal 3: The granularity of IMR REs is kept to 4 REs/PRB to reuse existing signaling mechanisms.  
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