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1. Introduction

In RAN#53 meeting, the WI of CoMP was approved and the work objectives on UE feedback scheme and related measurements for DL CoMP include [1]:
· Individual per-point CSI feedback with or without complementary inter-point feedback as baseline. Aggregated CoMP feedback is not precluded. 

· Potential enhancement of SRS for CSI measurement at eNodeB exploiting channel reciprocity 

· All schemes will be developed assuming that the UE reports CSI feedback based on the assumption of single-user transmission. This assumption causes no restriction on the SU/MU scheduling decision at the eNB when the PDSCH is demodulated based on UE-specific RS.
This contribution analyzes the different CSI requirements of various CoMP transmission schemes, and discusses the mechanisms of CoMP reporting modes design for per-point CSI feedback.
2. CSI requirements of CoMP transmission schemes
According to the CoMP WI, the work for specifying CoMP support in Rel-11 should focus on
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking

For DPS, if the transmission point (TP) is chosen by eNB, the CSI of all candidate TPs is needed, while if the TP is selected by UE, only the CSI of the recommended TPs and the indication of TP selection should be fed back. The TP selection can be indicated by the indices of CSI pattern corresponding to the recommended TPs. 

For CBF without dynamic TP selection, RI/PMI/CQI of the TP is required and PMI/CQI based on assumption of RI=1 of the cooperating points is needed to support beamforming coordination in FDD systems. While for CBF with dynamic TP selection, the CSI to support both coordinated beamforming and dynamic TP selection is necessary. For TDD systems, only the CQI for each cooperated TP needs to be fed back since the spatial channel information can be derived by the channel reciprocity. Even for CBF with dynamic TP selection, the indication of TP selection is not useful because the CQI can inform the recommended TP implicitly. 
For coherent JT of FDD, if only rank 1 transmission is supported, PMI/CQI based on the assumption of RI=1 of the cooperating points and the relative phase information are required. While for JT supporting rank adaptation, RI, PMI/CQI based on the reported RI of all TPs and the relative inter-point phase information shall be fed back. Considering the most of performance gain of MU-JT can be obtained by rank 1 transmission, and it is difficult to derive highly accurate aggregated channel information by per-point feedback, feedback to support coherent JT with restricted rank is of more importance than the rank free JT feedback. For the case of TDD, if the antenna calibration among points is well realized, the aggregated spatial channel can be obtained by channel reciprocity, therefore, only the CQI for TPs is needed [2].
To be clearer, the CSI requirement for various CoMP transmission schemes is summarized in Table 1. 
Referring to Table 1, to support the dynamic switch among DPS, CBF and coherent JT with restricted rank for FDD, the minimal CSI set includes

· PMI/CQI based on assumption of RI=1 of all cooperating points

· RI/PMI/CQI of the recommended or candidate TPs

· Indication of TP selection (If eNB selects the TP, it is not needed)
· Relative inter-point phase information
For TDD systems, only individual CQI for each cooperating point is required by obtaining the spatial channel with channel reciprocity.
Table 1 CSI requirement of CoMP transmission schemes
	Transmission Scheme
	FDD/TDD
	Scheme state
	CSI requirements

	DPS
	FDD
	eNB selects the TP
	RI/PMI/CQI of all candidate TPs

	
	
	UE recommends the TP
	RI/PMI/CQI of the recommended TPs

Indication of TP selection

	
	TDD
	eNB selects the TP
	CQI of all candidate TPs

	
	
	UE recommends the TP
	CQI of the recommended TPs
Indication of TP selection

	CBF
	FDD
	Without dynamic TP selection
	RI/PMI/CQI of the TP
PMI/CQI based on assumption of RI=1 of the cooperating points

	
	
	With dynamic TP selection
	RI/PMI/CQI of the all candidate TPs

PMI/CQI based on assumption of RI=1 of the cooperating points except the candidate TPs

or

RI/PMI/CQI of the recommended TPs

PMI/CQI based on assumption of RI=1 of the cooperating points except the recommended TPs

Indication of TP selection*

	
	TDD
	With/without dynamic TP selection
	CQI of all cooperating points

	JT
	FDD
	Rank restricted (Rank 1)
	PMI/CQI based on assumption of RI=1 of all TPs
Relative inter-point phase information

	
	
	Rank free
	RI

PMI/CQI of all TPs
Relative inter-point phase information

	
	TDD
	Rank free or rank restricted
	CQI of all cooperating points


* The item may not be needed.
3. Mechanisms of CoMP reporting modes
In Rel-10, aperiodic RI/PMI/CQI reporting using PUSCH and periodic reporting using PUCCH are supported. Different reporting modes are included for PUSCH and PUCCH feedback, respectively. Each of the PUSCH reporting modes and PUCCH reporting modes is self-contained and independent with each others.

To support transmission over multiple aggregated cells (or carriers), CSI feedback for multiple cells is introduced in Rel-10.For CSI feedback using PUSCH, a 2-bit CQI request field is specified to trigger the aperiodic reporting. The CSI of multiple cells can be fed back simultaneously using a single PUSCH by concatenating the bits of the same information field corresponding to each cell. For CSI feedback using PUCCH, the configuration of reporting mode and corresponding CSI reporting of each cell is independent with other cells. The PUCCH reporting modes, reporting periodicities and offsets of multiple cells are configured separately; therefore, different UL resources are used by the periodic CSI reporting of different cells. In case of collision of PUCCH reporting, the reporting types with lower priority will be dropped. 
All PUSCH and PUCCH reporting modes are supported in CA without any modification since the configuration of reporting mode and corresponding CSI reporting of each cell is independent with other cells and totally the same was that of non-CA systems. Therefore, the standardization effort is minimal. It is natural to consider whether the CA-based mechanism of reporting mode design is practicable for CoMP transmission. However, there are distinct differences between the CSI requirements of CA and CoMP.
First of all, the physical resources over CA carriers are orthogonal because of frequency separating, however, the physical resources of different CoMP-points are overlapped, and thus feedback for cooperation is needed. For example, the indication of TP selection from UE side for DSP, rank restricted PMI/CQI of the cooperating points for CBF and the relative inter-point phase information for coherent JT can not be supported by CA-based mechanism.
Secondly, the scheduling of each physical resource of a carrier just depends on the channel condition of it on this carrier, however, the scheduling of each physical resource in CoMP transmission needs the channel conditions from all cooperating CoMP-points. Then, the CSI reporting of CoMP-points should be based on the same reference resource. Therefore, the feedback of each CoMP-point can not keep independent with each other.

Finally, the CA-based mechanism may lead to high probability of CSI dropping because of the independent PUCCH reporting configuration. Performance loss and constriction of scheduling flexibility due to CSI dropping can not be ignored in CoMP. Also by CA-based mechanism, the flexibility to reduce feedback overhead by unified reporting design can not be utilized. For example, with PUCCH reporting mode 1-0, 4-bit CQI of a single carrier occupies a whole PUCCH resource; however, a single PUCCH resource can transmit CQI of several CoMP-points by unified reporting design. Therefore, for this case, CA-based mechanism is inefficient and its performance is dubitable for CoMP feedback.
Based on the above discussion, we can conclude that new PUSCH/PUCCH reporting modes should be open for CoMP feedback and the CA-based mechanism is not suitable for periodic CoMP feedback.

Proposal 1:

· CA-based mechanism is not suitable for periodic CoMP feedback, and new PUSCH/PUCCH reporting modes should be open for CoMP feedback.

For PUSCH reporting, three types of CQI feedback and three types of PMI feedback are covered by five PUSCH reporting modes in Rel-10. Wideband CQI, UE selected and higher layer-configured subband CQI combining with no PMI, single wideband PMI and multiple PMI (including multiple subband PMI or a combination of wideband PMI and subband PMI) feedback are supported for different scheduling purposes and conditions. This framework can be reused for PUSCH reporting mode design for CoMP, i.e., all or part of these CQI and PMI feedback types can be considered to be supported by the new reporting mode of CoMP transmission. However, the CSI content and frequency granularity will be different depending on the CoMP transmission schemes and the frequency selectivity characteristic of the reported CSI.

For PUCCH reporting of Rel-10, only wideband PMI or no PMI feedback type are supported, and the CQI feedback types only include wideband CQI and UE selected CQI considering the constraint of PUCCH capacity. Each PUCCH reporting mode is composed by one or multiple PUCCH reporting types, and each PUCCH reporting type is transmitted by a single PUCCH at a subframe. When designing the new PUCCH reporting modes for CoMP, it should be considered that how to packet the required CSI into different PUCCH reporting types. One way is single-point mechanism that is each PUCCH reporting type only contains the CSI of one cooperating point. Another way is multiple-point mechanism by which CSI of the same kind corresponding to multiple cooperating points are included in a single PUCCH reporting type.

For example, if the PUCCH reporting mode 2-2 is extended to support CoMP transmission by single-point mechanism, the new mode denoted by PUCCH reporting mode 2-2-e1 may be composed of N PUCCH reporting type 4 to support wideband CQI of N cooperating points, and 
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 PUCCH reporting type 1 to support subband CQI of N cooperating points, while J is the number of BP (Bandwidth Parts). While by multiple-point mechanism, the new mode denoted by PUCCH reporting mode 2-2-e2 includes two kinds of PUCCH reporting types. One named as PUCCH reporting type 4e is used to report the wideband CQI of K cooperating points, and the other denoted by PUCCH reporting type 1e is to feed back the subband CQI of K cooperating points. Therefore, PUCCH reporting mode 2-2-e2 is composed of 
[image: image2.wmf]NK

éù

êú

 PUCCH reporting type 1e and 
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 PUCCH reporting type 1e.

The advantage of single-point mechanism is that several PUCCH reporting types in Rel-10 can be reused and the PUCCH capacity does not need to be expanded. However, more PUCCHs are required and the delay for CSI feedback will be prolonged. While for multiple-point mechanism, the UL capacity can be saved because of less PUCCHs are needed comparing with the single-point mechanism, and the delay of CSI feedback is relatively small. While its shortcomings are that new PUCCH reporting types for CoMP should be introduced and the PUCCH capacity may need to be expanded. Moreover, the payload size of the same PUCCH reporting type may vary depending on the number of cooperating points which the reported CSI corresponds to.

The comparison of single-point and multiple-point mechanisms is given in Table 2. Considering the PUCCH reporting type payload size of no-PMI reporting is always relatively small because only 4-bit CQI (sometimes also L bits subband index) is reported by a single PUCCH, therefore, multiple-point mechanism is suitable for no-PMI reporting modes because of lower feedback delay and saving UL resources. For PUCCH reporting modes with PMI feedback, since the payload size of some of PUCCH reporting types in Rel-10 is already large (11 bits), the impact of PUCCH capacity expanding should be taken into account for this mechanism.

Proposal 2:

· Multiple-point mechanism is propitious to no-PMI reporting modes design, the impact of PUCCH capacity expanding should be taken into account when designing PUCCH reporting modes with PMI feedback.

Table 2 Comparison of single-point and multiple-point mechanisms
	
	Pros
	Cons

	Single-point mechanism
	Some PUCCH reporting types in Rel-10 can be reused;

No need to expand the PUCCH capacity
	Require more PUCCHs;

Prolong the delay for CSI feedback

	Multiple-point mechanism
	More new PUCCH reporting types should be specified;

May need to expand the PUCCH capacity
	Require less PUCCHs;

Smaller delay for CSI feedback


4. Conclusions

In this contribution, the different CSI requirements of various CoMP transmission schemes are analyzed. In order to support the dynamic switch among different transmission schemes, the minimal CSI set in FDD includes

· PMI/CQI based on assumption of RI=1 of all cooperating points

· RI/PMI/CQI of the recommended or candidate TPs

· Indication of TP selection (If eNB selects the TP, it is not needed)
· Relative inter-point phase information
For TDD systems applying channel reciprocity, only individual CQI for each cooperating point is required.
The mechanisms of CoMP reporting modes design for per-point feedback are also discussed. Our proposals include:
· CA-based mechanism is not suitable for periodic CoMP feedback, and new PUSCH/PUCCH reporting modes should be open for CoMP feedback.
· Multiple-point mechanism is propitious to no-PMI reporting modes design, the impact of PUCCH capacity expanding should be taken into account when designing PUCCH reporting modes with PMI feedback.
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