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1 Introduction

At the RAN1# 66bis meeting, the issues on aggregated CSI feedback and per-CSI-RS-resource CSI feedback have been initially discussed. However, the CoMP CQI issue has not been discussed so far. In this contribution, we will discuss the CoMP CQI. The PMI issues for CoMP are discussed in [1].
2 CQI feedback for DL CoMP
There are two types of CQIs for CoMP, i.e. aggregated CQI and per-CSI-RS-resource CQI. Aggregated CQI generally refers to the post-CoMP CQI with the hypothesis that UE knows about which CoMP scheme to be applied if it is scheduled. The per-CSI-RS-resource CQI represents a CQI corresponding to its CSI-RS-resource.

In our view, aggregated CQI and per-CSI-RS-resource CQI are usually associated with aggregated feedback and per-CSI-RS-resource feedback, respectively. In other words, aggregated CQI can be employed in per-CSI-RS-resource PMI/RI feedback and per-CSI-RS-resource CQI in aggregated PMI/RI feedback.

2.1 Aggregated CQI
Aggregated CQI has been widely studied in single-point feedback cases, such as SU/MU-MIMO, and the solutions are optimized to extend to the multi-point feedback cases.

For example, the aggregated CQI can be accurately predicted for SU-JT as in SU-MIMO. In MU-JT, DPS and CS/CB, which are similar to MU-MIMO, the candidate UE does not know its pairing UE, so the aggregated CQI is hard to be accurately predicted. However, if the channel direction indicator (CDI) (represented in the form of PMI) reported by a UE has low correlation to the CDI reported by another UE, we may assume that the interference between these two UEs is very low and hence can be paired for CoMP operations. Under this pairing rule, which has been applied in MU-MIMO, the accuracy of aggregated CQI can be improved. This implies that the design of aggregated CQI can re-use some features designed specifically for MU-MIMO, for instance MU-CQI.

Our system-level simulation results have shown that aggregated CQI can offer promising gains [1]. Therefore, we have the following observation:

Observation 1: The aggregated CQI can be used to predict post-CoMP SINR for MU cases in CoMP, since this rate-prediction-like mechanism has already been applied in MU-MIMO.
Thus we propose:
Proposal 1: Aggregated CQI is defined for both aggregate feedback and per-CSI-RS-resource feedback as post-CoMP CQI.
2.2 Per-CSI-RS-resource CQI
According to [2][3][4], the post-CoMP CQI can be estimated by per-CSI-RS-resource CQI. However, the prediction algorithms are complicated. Furthermore, whether the independent CQIs can provide enough information on fast fading channels to fulfill CoMP;s requirements still needs to be clarified. The effectiveness and robustness of the estimation need to be investigated further.
Proposal 2: The estimation of post-CoMP SINR from per-CSI-RS-resource CQI is FFS.
One of the main motivations of per-CSI-RS-resource CQI is to provide the power information per point for mitigating the power imbalance issue. Nonetheless, our system-level simulation results show that CoMP gain may be achieved without the power information per point [1]. Moreover, joint power allocation across different points may not be supported in current specification. On the other hand, the other information such as RSRP can also provide power information without additional standardization efforts. In fact, the power information per point is essentially a kind of long-term and wideband information, so it is not necessary to report it through CQI signaling. Therefore, per-CSI-RS-resource CQI does not necessarily to be mandatory, especially for aggregated feedback. Note that if per-CSI-RS-resource feedback is employed, the per-CSI-RS-resource CQI is easy to be embedded.
Hence, we propose:
Proposal 3: Per-CSI-RS-resource CQI is dedicated for per-CSI-RS-resource feedback.
2.3 Dynamic-switching-oriented multi-CQI
In MU-MIMO, multi-CQI reporting to support dynamic switching between SU-MIMO and MU-MIMO has been widely studied. We may refer to this multi-CQI as dynamic-switching-oriented multi-CQI. An open question is that whether this type of multi-CQI needs to be defined in CoMP. The answer depends on the dynamic switching mechanism in the context of CoMP. In other words, some CoMP schemes may not support dynamic switching and thus does not need multi-CQI either.
From the perspective of transmission methods instead of data availability among points, CoMP can be divided into two categories, with the first one being multi-point simultaneous transmission (i.e. JT) and the other one being single-point independent transmission (i.e. DPS and CS/CB). Since aggregated feedback is not supported in DPS and CS/CB, it would be impossible to enable dynamic switch among MU-JT, DPS and CS/CB by aggregated feedback. For per-CSI-RS-resource feedback, however, JT can only work with joint PMI selection, which is not compatible with DPS or CS/CB. Thus, only the dynamic switching between DPS and CS/CB can be supported in per-CSI-RS-resource feedback. Note that non-CoMP transmission can be viewed as one type of single-point transmission. Therefore, the dynamic switching among DPS, CS/CB and non-CoMP can be supported in per-CSI-RS-resource feedback.
In Table 1, we summarize the connections between dynamic switching and the different CoMP schemes.

Table 1: Comparison of dynamic switching between aggregated feedback and per-CSI-RS-resource feedback.
	
	Aggregated feedback
	Per-CSI-RS-resource feedback

	CoMP schemes
	JT
	JT, DPS, CS/CB

	Dynamic switching
	N/A
	Joint PMI selection
	Independent PMI selection

	
	
	JT
	DPS, CS/CB, non-CoMP


From the above analysis, we have:

Observation 3: The dynamic switching between JT and other CoMP schemes or non-CoMP may not be supported.
Proposal 4: The dynamic-switching-oriented multi-CQI can be supported in DPS and CS/CB, but may not in JT.

3 Conclusion
In this contribution, we have discussed the aggregated feedback and per-CSI-RS-resource feedback for CoMP in the context of CQI. We would like to recommend that:
Proposal 1: Aggregated CQI is defined for both aggregate feedback and per-CSI-RS-resource feedback as post-CoMP CQI.
Proposal 2: The estimation of post-CoMP SINR from per-CSI-RS-resource CQI is FFS.
Proposal 3: Per-CSI-RS-resource CQI is dedicated for per-CSI-RS-resource feedback.

Proposal 4: The dynamic-switching-oriented multi-CQI can be supported in DPS and CS/CB, but may not in JT.
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