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1 Introduction

The agreements until RAN1#68 for CoMP CSI feedback are as follows [1]:

Definition: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers.

Working assumption from RAN1#66bis:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.

There is no further agreement on CQI definition for CoMP from TR 36.819. The CQI contents in TR 36.819 are [2]:
· CQI feedback

· CQI only accounting for interference outside the CoMP measurement sets or relative received power between CoMP transmission points
· Wideband and subband based CQI feedback may be considered

· CQI that accounts for post-CoMP channel quality under a certain CoMP scheme assumption (e.g., interfering cell/point precoding or muting)

In this contribution, we will discuss the definitions of two types of CQI for CoMP.
2 Definitions of CQI for CoMP
2.1 Assumptions
In this contribution, we assume that the measurement set is managed according to CSI-RS based received signal quality measurement requested by eNB, which was an agreement in [1]. Furthermore, for simplicity we assume the result of cooperating set selection has been known at UE.
2.2 Aggregated CQI
We may define the aggregated CQI according to TR 36.819 [2]:

Aggregated CQI: CQI that accounts for post-CoMP channel quality under a certain CoMP scheme assumption (e.g., interfering cell/point precoding or muting)
The calculation of aggregated CQIs for different CoMP schemes is provided in Appendix A.1. From the formulas therein, we can see aggregated CQI can be explicitly and accurately calculated at UE side under the hypothesis of a certain CoMP scheme.

We summarize the benefits and drawbacks of aggregated CQI as follows.
Benefits:

1) Good accuracy.

From the formulas provided in Appendix A.1, it is obvious that the aggregated CQI predicted by UE has good accuracy, which is also confirmed by other sources, such as [3].

2) Good testability.

The testing methodology with aggregated CQI is similar to Rel-10 non-CoMP case, since Rel-10 CQI has similar behaviours as aggregated CQI.

Drawbacks:

The main drawback of aggregated CQI is that UE should have the hypothesis of the CoMP scheme(s). One may argue that since CoMP scheme is not transparent to UE, the dynamic switching between CoMP schemes for aggregated CQI is not as natural as per-TP CQI. However, the dynamic switching between JT and DPS with multiple aggregated CQIs [3] is an example of potential robust dynamic switching mechanism. In fact, the employment of multiple aggregated CQIs is an easy way to solve this issue, which has a comparable overhead with per-TP CQI reporting, or even smaller overhead when measurement set size is slightly large. Thus it is only a moderate issue.
2.3 Per-CSI-RS-resource CQI
We may define per-CSI-RS-resource CQI as follows [4] [5]:
Per-CSI-RS-resource CQI: CQI that accounts for single TP transmission with or without the interference inside the CoMP measurement set, or represents channel quality associated with transmission for one CSI-RS resource.
In [4] and [5], the reported per-CSI-RS-resource CQI will be combined to a post-CoMP CQI at eNB. However, it seems not so obvious how to derive the effective post-CoMP channel quality based on the channel quality associated with single-TP transmissions. Empirically, the post-CoMP CQI may be calculated as formulas provided in Appendix A.2. The principle behind the SINR re-calculation is the factor 
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 that represents the correlation between the channel direction and the selected beamformer. From the formulas of Appendix A.2, we can see that the feasibility of empirical formulas heavily depends on the quantization accuracy of codebook. Furthermore, the CQI quantization errors will propagate in derivation of post-CoMP CQI. Thus, the accuracy of per-CSI-RS-resource CQI needs to be further justified.
We summarize the benefits and drawbacks of per-CSI-RS-resource CQI as follows.
Benefits:

The main benefit of per-CSI-RS-resource CQI is that the CoMP scheme can be transparent to UE. Since post-CoMP CQI can be derived at eNB, UE can benefit from CoMP without being aware of the current CoMP scheme applied. However, the gain for this transparency needs to be further justified.
Drawbacks:

1) The accuracy of calculating post-CoMP SINR based on per-TP SINRs should be justified.

For high-rank reporting, the accuracy would further decrease since the quantization error of channel covariance would be higher than that for rank-1.

2) Poor testability.
The testing methodology of Rel-10 non-CoMP case cannot be re-used, as the post-CoMP CQI is mainly network centric. This is totally different from Rel-10 CQI.
3) The common RX processing assumption.
To combine the reported CQIs to post-CoMP CQI, a common and consistent Rx processing should be assumed.

4) Overhead issues.
The overhead of per-TP CQI increases proportionally to the size of measurement set.

5) Quantization error of CQI.
Although post-CoMP SINR can be derived from per-TP SINR, the accuracy of derivation will degrade largely due to the quantization error of CQI. The situation will be more severe when SINR is out of the predefined range of CQI. In this case, the outage per-TP CQI will mislead the calculation of post-CoMP CQI.

6) PMI impairment.
It is obvious that the derivation of post-CoMP CQI is based on reported PMIs. But in this case the reported PMI may not be reliable due to a number of factors, such as codebook quantization error, low time/frequency granularity, etc.

2.4 Summary of comparison
Based on the above analysis, we summarize the comparison of aggregated CQI and per-CSI-RE-resource CQI in Table 1.
Table 1: Comparison of aggregated CQI and per-CSI-RS-resource CQI.
	
	Aggregated CQI
	Per-CSI-RS-resource CQI

	Benefits
	1) Good accuracy

2) Good testability
	1) Transparency of CoMP scheme used at UE side

	Drawbacks
	1) Non-transparency of CoMP schemes used at UE side

	1) Accuracy of post-CoMP SINR calculation
2) Poor testability

3) Common RX processing assumption

4) Larger overhead increasing proportionally to size of measurement set
5) Impact from CQI quantization error
6) Impact from PMI impairment


Therefore, we suggest:

Proposal 1: Aggregated CQI should be defined in Rel-11 at higher priority than per-CSI-RS-resource CQI.
Proposal 2: For aggregated CQI, multiple CQIs to support dynamic switching between CoMP schemes can be defined.

3 Conclusion
Proposal 1: Aggregated CQI should be defined in Rel-11 at higher priority than per-CSI-RS-resource CQI.
Proposal 2: For aggregated CQI, multiple CQIs to support dynamic switching between CoMP schemes can be defined.
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Appendix
A.1
Formulas for aggregated CQI
The variables used in the formulas are defined as:

· 
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 denotes the background noise
· 
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 denotes the interference outside the measurement set
· 
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 denotes the channel coefficients from TP-i to UE-0
· 
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 denotes the weighting coefficients of the receiver filter
· 
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 denotes the channel covariance of interference from non-cooperating TPs in the measurement set to UE-0
In general, 
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 can be measured based on the methods of interference measurement, e.g. in [6], and 
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 can be measured and calculated by non-zero-power CSI-RS based channel measurement. Further, the calculation of 
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 can include the prediction of interfering beamformer used by the interfering TPs in the measurement set. The traffic model assumed for the formulas is the full-buffer model, so the signal from non-cooperating TPs is the interfering signal. This assumption is applicable to in Appendix A.2.
For SU-JT (local precoding):
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where 
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 denotes the beamformer from TP-i to UE-0.
For DPS:
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where 
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 denotes the beamformer from the strongest TP-m to UE-0.
For CS/CB:
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where 
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 denotes the ‘re-calculated’ (e.g. based on SLNR criterion)  beamformer from TP-0 to UE-0.
It is worth pointing out that if cell muting is applied to DPS, the corresponding interference should be removed in the formulas.
A.2
Formulas for per-CSI-RS-resource CQI
For per-CSI-RS-resource CQI, the post-CoMP SINR is eNB centric and may be transparent to UE. UE calculates and reports the per-TP beamformer and SINR in the form of PMI and CQI as follows [7]:
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    (6)
The eNB will combine these per-TP CQIs to calculate a post-CoMP SINR.
For SU-JT (local precoding): the eNB can calculate the SINR based on the empirical formula (note that not all the TPs in the measurement set are included in the coordination):
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where:

· 
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 denotes the correlation between the reported PMI 
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 for TP-m and UE-0 (non-cooperating TPs usually use the beamformers different from those reported by UE-0)
For DPS:
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where m denotes the index of the strongest TP-m for UE-0.
For CS/CB:
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For MU-JT, it is similar as multi-cell MU-MIMO, thus the SINR calculation is also similar to that for MU-MIMO. The only difference is that the channel matrix and precoding matrix are aggregated matrices for all TPs in the measurement set. For simplicity, the explicit formula for MU-JT is not provided in this contribution.
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