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1 Introduction
The following new features for CSI reporting are introduced for CoMP in Rel-11:

· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 UE can be configured to report one or more CSIs per CC associated to a certain CSI process. Each CSI-process is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· IMR definition: Each Interference Measurement Resource (IMR) occupies a subset of REs that may be configured as Rel-10 ZP CSI-RS, i.e. the granularity is 4 REs/PRB. For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference. The REs of an IMR are REs which can be configured as a ZP CSI-RS resource.
· Configuration of multiple CSI processes: the maximum number of CSI processes supported for the UE is (3 or 4) for feature group 7-1.

In this document we discuss the topic related to interference averaging.
The first proposal is related to the scope of the CSI test:
Proposal 1. 

Under CoMP work item new CSI tests are needed in order in particular to verify the following new characteristics:
1. The correct use of IMR

2. The UE capability to correctly report the CSI for all the CSI-processes for which it signals its capability
The concept of IMR based measurement has been introduced in Rel-11 in order to replace the previous unspecified mechanism, which in practice meant that CRS-based interference estimation, i.e. UEs were estimating highly erroneous interference level with respect to the interference observed on PDSCH, thus providing suboptimal performance.
The correct use of IMR is of extreme importance for good CoMP operation as it allows the network to provide different interference hypothesis, the UE has to use in order to report the feedback. The support of multiple interference hypotheses is a corner stone in the Rel-11 CoMP feedback design and constitutes one of the main reasons for introducing the new IMR based interference measurements.
This contribution addresses the baseline assumptions/algorithm which should be considered in order to verify the correct usage of IMR (point 1 in proposal 1).  Detailed proposal for CSI requirement set up is provided in a separate contribution.
2 Discussion
In this document we discuss the main conditions which need to be reflected in CSI tests for the definition of minimum requirements, i.e. the granularity with which the hypothesis on the interference hypothesis association may change. This has implications on the amount of averaging which the UE is allowed to use as assumption for the definition of the minimum requirements. 

The averaging can be done either in frequency domain or in time domain.
2.1 Time domain averaging

Documents [1, 2] provided system level simulation results on the impact of excessive averaging in time domain. This document showed there is a high performance loss due to excessive time domain averaging.

The present situation which allows for CQI computation based on an unrestricted observation interval leaves the UE behaviour completely unspecified; i.e. some UEs may use aggressive filtering leading to very stable interference estimates while other UEs may choose to try to better track more rapidly the interference variations This leads to highly inconsistent UE behaviour in the network which thereby make it difficult to tune the network operation to achieve maximal performance. In particular this inconsistent behaviour makes it challenging to find optimal OLLA settings which depend highly of the way the interference estimation is carried on and varies in the CQI computation.
Under CoMP scenarios the eNodeB is likely to inject artificial signals to represent different interference hypotheses on the IMRs. As example, in case of two transmission points TP1 and TP2, one ZP CSI-RS resource can mimic the interference which would be present if TP2 is interfering with TP1 while a second ZP-CSI-RS resource could mimic the interference level when TP2 is not there. It is well understood that these interference hypothesis may change dynamically in order to allow for fast tracking of interference levels and allow for good CoMP gains. Additionally no assumptions on the UE side can be done on how the eNodeB changes dynamically the signal transmitted on the IMR REs or how the PDSCH load/scheduling will change in time. Note that an IMR is semi statically configured (hence cannot be changed quickly), but what an eNodeB transmits on the IMR REs is implementation dependent.
The PDSCH allocation can be changed each subframe depending on the scheduling algorithms used by the eNodeB. Hence, it should be ensured that the UE is capable of estimating new/different noise+interference levels at each subframe. This has to be the baseline assumption/condition for the definition of minimum requirements in RAN 4 tests. Such a baseline assumption is in line with the desirable goal of establishing consistent UE behavior, which benefits the system performance via improved opportunities to tune the network operation, particularly the outer loop link adaption (OLLA).
Whether scheduling decisions are constant over several subframes is implementation dependent and no assumptions can be done in RAN 4 tests. 
It should also be noted that document [3] showed that averaging over 1 subframe was sufficient to fulfill legacy CQI requirements.

As example we consider the case when 2 TPs are participating in a CoMP DPB transmission scheme, the UE is configured with 2 CSI-RS processes. The same CSI-RS is used for both CSI processes (corresponding to TP1) and
IMR1: artificial interference from TP2 according to PDSCH transmissions from TP2

IMR2: artificial interference from TP2 according to the complement of PDSCH transmissions from TP2 (i.e., no artificial interference present in RBs carrying PDSCH and artificial interference in RB not carrying PDSCH).

IMR1 dynamically tracks the present interference state and can quickly react to changes to the interference level alone providing baseline performance compared with no comp while IMR2 contains the opposite hyptothesis which is needed to properly evaluate the different interference hypothesis per subband in the scheduler.

Proposal 2: Define CSI tests where interference changes on a subframe granularity.
2.2 Frequency domain averaging
In RAN 4 64bis, several documents were presented on the IMR accuracy, such as [3]. The contributions were submitted as answer to the LS from RAN 1 in [4]. RAN 4 agreed the LS out  in [5] which confirmed the assumptions used by RAN 1, i.e. 4REs/PRB can be used for the purpose of interference averaging. 
“RAN 4 conducted some simulation analysis and no evidence was found that 4REs/PRB for IMR-based interference estimation as agreed by RAN 1 would not be sufficient in terms of achievable accuracy.”

In order to analyze whether the 4REs/PRB were sufficient document [3] studied the effect of IMR on CQI spread, i.e. the effect of IMR on CQI legacy test. In particular results in AWGN and for the legacy frequency selective interference test were provided. This latter test is characterized by piecewise interference levels for different RBs: In particular RB 0-5, RB 6-41, RB 42-49  have different interference level. The results were provided by considering an IMR scheduled over 2, 4and 8REs/PRB and with three different level of averaging in frequency domain, and 1 subframe was used as averaging period in time domain. 

The conclusion was that that when 4REs/PRB IMR is used as a basis for the interference estimation the UE still fulfils the CQI requirements, and the results are very close to the one obtained with CRSs. Hence no frequency domain averaging is needed in order to fulfill legacy CQI requirements.
However since the minimum CQI granularity is a sub-band and that the scheduling decisions are performed based on the CQI reporting, it can be considered as acceptable to assume constant IMR hypothesis over a sub-band, where the sub-band is associated to the CSI-RS reference resources of the particular process.
Proposal 3: Define CSI tests where interference changes on a sub-band basis. 
3 Conclusions
In this document we have discussed the essential conditions to be considered for the definition of CSI test under COMP. The following is proposed:

Proposal 1.

Under CoMP work item new CSI tests are needed in order in particular to verify the following new characteristics:

3. The correct use of IMR

4. The UE capability to correctly report the CSI for all the CSI-processes for which it signals its capability
Proposal 2: Define CSI tests where interference changes on a subframe granularity.

Proposal 3: Define CSI tests where interference changes on a sub-band basis. 
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