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1. Introduction

In RAN1#67 meeting, it had been agreed that CSI feedback for CoMP uses at least per-CSI-RS-resource feedback. In RAN1#68 meeting, there was no further conclusion on CSI feedback for CoMP. The understanding of CSI feedback framework and content of CSI feedback is still of diversity among companies. However, it is possible and necessary to consider some basic principles of CSI feedback mode design now considering the limited time and heavy task of CoMP in Rel-11.
In [1], we presented our viewpoints on the mechanism of CSI reporting mode for CoMP. In this contribution, we further discuss the principles of CSI feedback mode design, and give some detailed schemes.
2. Reusing existing feedback modes or designing new 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. Each of the PUSCH reporting modes and PUCCH reporting modes is self-contained and independent with each others. Aperiodic CSI report using PUSCH supports wideband, UE selected subband, or higher layer configured subband CQI feedback and single or multiple PMI feedback, while the periodic report on PUCCH is relative simple and coarse due to the limited PUCCH capacity, only wideband or UE selected subband CQI and wideband PMI (except Mode 2-1 for 8Tx) is supported.
It is attracting to reuse existing feedback modes for CoMP feedback. Lots of standard efforts can be saved and the impact on user and eNB equipments can be minimized. And there is precedent to reuse existing feedback modes in CA technique: to support transmission over multiple aggregated cells (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 configured for the periodic CSI reporting of different cells. In case of collision of PUCCH reporting, the reporting types with lower priority will be dropped.
However, we observe the following problems of reusing existing feedback modes directly.

Problem 1: Inter-dependency among CSI of different CoMP TPs (or CSI-RS resources)

Different from the CSI feedback of frequency separated CA cells, the inter-dependency among CSI of CoMP TPs (or CSI-RS resources), which are on same frequency and coordinately scheduled, should be taken into account:
· The newly introduced CSI information for CoMP transmission, such as TP indication for DPS to recommend TP by UE, aggregated feedback (if any), and inter-CSI-RS resource feedback to support coherent joint transmission, should be reported by both PUSCH and PUCCH. Those information are calculated across multiple CSI-RS resources.
· Dependency of RI reporting for different CSI-RS resources is necessary. If independent RI values for CSI-RS resources are reported, the network may have to override the reported ranks. Any such override leads to performance degradation [2].
· Common subband selection for different CSI-RS resources is required for subband report. If independent subband selection is performed, the frequency reference resource of subband CSI feedback for different CSI-RS resources may be different. This does not impact DPS where the transmission processing only related to one point. But it is not suitable for both CS/CB and JT transmission. For inter CSI-RS resource information, common subband is also essential since it should be calculated based on channel state of the same subband of multiple TPs. 
Based on the above analysis, we propose that inter-dependency among CSI of different CSI-RS resources should be considered when designing CoMP feedback.
Proposal 1:
· Inter-dependency among CSI of different CSI-RS resources should be considered for CoMP feedback.
Problem 2: Performance loss and restriction of scheduling flexibility due to CSI droping
Separately configuring reporting periodicities and offsets for CSI reporting of different CSI-RS resources is not suitable for periodic CSI reporting of CoMP. 
· Periodic reporting for different CSI-RS resources with independent reporting periodicities and offsets configurations may lead to high probability of CSI dropping in some cases. 
· The number of CSI-RS resources which require CSI feedback will be further increased for CoMP transmission in Rel-11 comparing with single point transmission in Rel-10. 
Performance loss and restriction of scheduling flexibility due to CSI dropping cannot be ignored for CoMP. Therefore, we suggest that the problem of CSI dropping mechanism should be paid attention to and well solved for CoMP feedback.
Proposal 2:
· The problem of CSI dropping should be solved for CoMP feedback.
Considering the above problems, we think it is unsuitable to directly reuse MIMO feedback modes in CoMP, and suggest that new feedback modes should be designed for CoMP CSI feedback.
Proposal 3:
· New feedback modes should be designed for CoMP CSI feedback for both periodic and aperiodic CSI feedback.
3. Design principles
Though directly reusing existing feedback modes cannot meet the requirements of CoMP feedback, some principles used in MIMO feedback modes can be adopted. For example, different reporting modes are included in aperiodic and periodic reporting, and each of the reporting modes is self-contained and independent with each other. The self-contained and independent features simplify the design of feedback mode. Moreover, periodic report on PUCCH is simple and coarse, and aperiodic reporting on PUSCH provides detailed CSI. This fit in with the timely but small capacity characteristics of PUCCH and high capacity but not always available characteristics of PUSCH. These principles are also helpful in CoMP feedback mode design. 
4. On CoMP feedback modes

A simple way to manage the inter-dependency among the CSI of different CSI-RS resources is to place the CSI of multiple CSI-RS resources into a single reporting mode. By this way, periodic CSI feedback of multiple CSI-RS resources can be triggered by single CQI request and reported by single aperiodic reporting mode similar as that applied to CA in R10 (new feedback contents and inter-dependency should also be kept).
For periodic reporting, CSI feedback of multiple CSI-RS resources included in a single mode can not only guarantee the inter-dependency, but also solve the problem of CSI dropping. Two options to design PUCCH feedback container can be considered
· Multiplexing mechanism: CSI of multiple CSI-RS resource are multiplexed in time domain.

· Bundling mechanism: CSI of multiple CSI-RS resource are bundled into a single PUCCH.

The advantage of multiplexing 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 bundling mechanism, the UL capacity can be saved because of less PUCCH are needed, and also 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 bundled CSI-RS-resources. 
The comparison of multiplexing and bundling mechanisms is given in Table 1. 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, bundling mechanism is suitable for no-PMI reporting modes. 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.

Table 1: Comparison of multiplexing and bundling mechanisms
	
	Pros
	Cons

	Multiplexing mechanism
	Some PUCCH reporting types in Rel-10 can be reused

No need to expand the PUCCH capacity
	Require more PUCCHs

Larger delay for CSI feedback

	Bundling mechanism
	Require less PUCCHs

Smaller delay for CSI feedback
	More new PUCCH reporting types should be specified

May need to expand the PUCCH capacity


5. Bundling for no-PMI feedback

As stated in the previous section, bundling mechanism is especially suitable for no-PMI PUCCH reporting mode due to low payload of CQI reporting. An example of no-PMI PUCCH reporting design using bundling mechanism is given in this section.
Adopting the classification of current PUCCH reporting modes, wideband or UE selected subband CQI can be supported for no-PMI PUCCH reporting modes in CoMP.
Wideband feedback

· Contents: One wideband CQI value for each CSI-RS-resource in the configured feedback set.

· PUCCH resource: All the wideband CQI values are reported by one PUCCH in the reporting instance for wideband CQI. Assuming there are N CSI-RS-resources in the configured feedback set (the value of N can be 3 from our observation in [3]) the payload size is 4×N bits for this PUCCH. If the payload size is larger than 11 bits, PUCCH capacity expanding or subsampling by differential CQI can be adopted.
· Periodicity and reporting instance: The reporting instances for wideband CQI are subframes satisfying
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· Illustration:
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Figure 1: Illustration for wideband periodic feedback
UE selected subband feedback

· Contents: One wideband CQI value for each CSI-RS-resource in the configured feedback set, and one CQI of selected suband each CSI-RS-resource
· PUCCH resource: 
· All the wideband CQI values are reported by one PUCCH in the reporting instance for wideband CQI. The payload size is 4×N bits for this PUCCH, where N is the number of CSI-RS-resources in the configured feedback set.
· All the subband CQI values of one bandwidth part (BP) together with an L-bit common subband label are reported by one PUCCH in the reporting instance for subband CQI. The payload size is 4×N +L bits for this PUCCH.
· Periodicity and reporting instance: 

· The reporting instances for subband CQI are subframes satisfying
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· The reporting instances for wideband CQI are subframes satisfying
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  where H = J×K +1, J is the number of BPs, K is a higher-layer configured parameter.
· Illustration:
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Figure 2: Illustration for UE selected subband periodic feedback
6. Conclusions

In this contribution, the principles of CSI feedback mode design for CoMP are discussed, and some detailed feedback mode designs are presented. Our proposals include:
· Inter-dependency among CSI of different CSI-RS resources should be considered for CoMP feedback.
· The problem of CSI dropping should be well settled for CoMP feedback.
· New feedback modes are recommended for CoMP CSI feedback for both periodic and aperiodic CSI feedback.
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