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1. Introduction

In RAN1 #66bis meeting, the working assumption was made that

· 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 
In RAN1 #67 and #68bis meeting, the agreement was achieved that CSI feedback for CoMP uses at least per-CSI-RS-resource feedback and inter-CSI-RS-resource phase indicator feedback is not supported in Rel-11. 
In this contribution, we proposed the feedback framework design to support CoMP based on the listed working assumptions. Some new feedback modes for both periodic and aperiodic feedback are suggested for LTE Rel. 11.
2. Aperiodic feedback to support CoMP

The aperiodic feedback carried by PUSCH is important for CoMP as long as it provides the largest container which supports CSI feedbacks multiplexed within the same subframe. In Rel. 10 for CA purpose, the CSI feedbacks for multiple serving cells by PUSCH are already introduced. Therefore reusing the Rel. 10 mechanism for CoMP seems reasonable. However, due to the difference between CoMP and CA, some problems are met which requires further optimization. 

1. In CA cells work on different carrier frequency, while in CoMP, all the cells share the same frequency band. Therefore the UE-selected subband feedback mode has to be carefully studied for CoMP aperiodic feedback, because if different subbands are selected by UE for different cells, the network will have problem in the scheduling operation for CoMP implementation [1] [2]. 

2. In CA the data transmission are independent for each cell, and CoMP requires the coordination of multiple serving cells. Therefore some cross-CSI-RS-resource information is necessary for CoMP implementation. For example, the aggregated CQI for JT scheme, and multiple CQIs for DPB corresponding to different interference hypothesis

Observation: Rel. 10 PUSCH feedback mechanism can be reused in Rel. 11 to support CoMP, but some optimization work is necessary to solve the problems caused by the difference between CA and CoMP.

As long as the selected CoMP scheme requires post-processing of the feedback information corresponding to multiple CSI-RS-resources at network side, the UE selected subband feedback mode may cause problem. Therefore depending on the implementation method, DPS/DPB may be immune from the possible subbands selection mismatch if the scheduling strictly follows the CSI reported by the UE, and may be impacted if certain approximation method is utilized to generate the CQIs corresponding to different interference hypothesis, as described in [3]. Regarding the JT scheme, the UE selected subband feedback mode can not be configured because the precoding may rely on per-CSI-RS-resource PMIs, which have to be searched based on the same frequency. And regarding the CS/CB scheme, since eNodeB-specific precoding is usually required, it is always impacted if subbands selection mismatch is met. As there are so many constraints on UE selected subband feedback mode supporting CoMP, it is reasonable to directly exclude this option from CoMP feedback framework.

For JT scheme, it is shown that aggregated CQI is effective in improving both the cell average and cell-edge UE throughput [4][5]. Therefore we propose to specify new feedback submode 3-0-1 to support aggregated CQI in Rel. 11. 

· Mode 3-0-1 description:

· A UE shall report a wideband CQI value which is calculated assuming transmission is simultaneously from all the TP-UE MIMO channels on set S subbands.
· The UE shall also report one subband CQI value for each set S subband. The subband CQI value is calculated assuming transmission is simultaneously from all the TP-UE MIMO channels only in the subband.

· The rank on which the CQI report should be based is left for further study, i.e., whether rank>1 JT is supported in Rel. 11.
It should be noted that the aggregated CQI can be triggered by the CSI request field for PDCCH. Since it has been agreed that the CoMP measurement set size should not be more than 3, and the sub-selection for aggregated CQI calculation is not necessary, the 2 bit CSI request field in TS36.213 Table7.2.1-1A can be redefined to indicate the UE whether aggregated CQI is reported or not. For example, the value of CSI request field ‘10’ indicates that aperiodic CSI report is triggered for all TPs in the CoMP measurement set, while the value of CSI request field ‘11’ indicates that aperiodic CSI report is triggered for all TPs in the CoMP measurement set with additional aggregated CQI. The aggregated CQI bit sequence is concatenated to the end of CSI sequence of all the DL cells. Note that for backward compatibility, the redefinition become effective only when Rel.11 UE is configured with multiple non-zero-power CSI-RS-resources.

And regarding the DPB scheme, multiple CQIs corresponding to different interference hypothesis can be reported to improve the scheduling flexibility and accuracy. Since the additional CQIs highly increase the overhead of the uplink signaling, the PUCCH can not be utilized due to the capacity restricts. Therefore we propose to extend at least the existing aperiodic feedback modes 3-1 to support multiple CQIs which are generated based on the same CSI-RS-resource but different interference hypothesis, e.g., a submode 3-1-1.

· Mode 3-1-1 description:

· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands assuming the strongest interference hypothsis configured by the network.
· A UE shall report multiple subband CQI values per codeword for each set S subband which are calculated according to the interference hypothesis configured by the network and assuming the use of the single precoding matrix in all subbands and assuming transmission in the corresponding subband.

· A UE shall report a wideband CQI value per codeword which is calculated assuming the strongest interference hypothesis configured by the network and assuming the use of the single precoding matrix in all subbands and transmission on set S subbands.
· The UE shall report the selected single precoding matrix indicator except for transmission mode 9 with 8 CSI-RS ports configured in which case a first and second precoding matrix indicator are reported corresponding to the selected single precoding matrix.
· For transmission modes 4, 8 and 9, the reported PMI and CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
Since the feedback mode mainly focus on subband feedback, we think only one wideband CQI is needes, which is calculated based on the strongest interference. Multiple CQIs corresponding to the same subband can be reported using differential CQI to reduce the overhead.

Proposal 1: For aperiodic feedback to support CoMP, UE-selected subband feedback mode should not be configured.

Proposal 2: For aperiodic feedback to support CoMP, Aggregated CQI is carried by PUSCH through new introduced feedback mode3-0-1, and triggered by reusing CSI request field with 2 bits. 

Proposal 3: For aperiodic feedback to support CoMP, multiple CQIs are carried by PUSCH through new introduced feedback mode3-1-1.

3. Periodic feedback to support CoMP
For CA implementation purpose, Rel. 10 has support periodic feedback for multiple serving cells. CSIs corresponding to different cells are multiplexed into different subframes. The period and subframe offset of each periodic CSI feedback can be independently configured for each cell. In case of conflict, the CSI for the lower priority cell is dropped. Similar framework can be reused as much as possible in CoMP, but several problems due to difference between CA and CoMP may lead to performance degradation and unacceptable overhead. 

1. Multiple periodic CSIs transmitted in TDM manner means the necessary information arrives at the scheduler in different subframe. This introduces delay to the CoMP scheduling decision, which highly relies on the real-time CSI of each measured TP-UE channel [6]. And the CSI dropping mechanism made the problem worse. Reusing the historical CSI for CoMP scheduling is a possible solution, but the performance has to be carefully studied.

2. Multiple PUCCHs are required to transmit the per-CSI-RS-resource CSI feedback. Considering the possibility of cross-CSI-RS-resource information, or CoMP on new CCs, the overhead turns out to be unacceptable. 

Observation: Rel. 10 PUCCH feedback mechanism cause scheduling delay and unacceptable overhead when directly applied to CoMP.
Multiplexing CSIs corresponding to multiple CSI-RS-resources within 1 subframe is a possible solution to solve the scheduling delay problem. However, the capacity of current PUCCH format 2 used to carry CSI has been fully explored and difficult to support the multiplexing. Compared to PUCCH format 2, the 20 bits PUCCH format 3 is a larger container and worth to be considered to transmit multiplexed CSIs for CoMP. Using some overhead compression method such as differential CQI, it is possible to include all the CSIs corresponding to at most 3 CSI-RS-resources into 1 PUCCH.

More specifically, for JT scheme, the aggregated feedback can be used to multiplex the CSIs corresponding to different CSI-RS-resources into one subframe. At the same time, the aggregated CSI for JT also reduce the overhead while improving the performance since coherent combination of the signal is realized. 

Therefore we propose to specify new feedback mode 2-2 to support aggregated CSI through PUCCH in Rel. 11. It has been stated out in previous discussion that the frequency selectivity of the aggregated channel must be considered in coherent JT realization. Therefore we propose to introduce new reporting type 7 which enables subband CQI and subband PMI simultaneously. Therefore in feedback mode 2-2, using report type 7, UE shall report a subband aggregated PMI, subband aggregated CQIs and a subband index. 
Depending on the final decision on rank adaptation issue for JT CoMP, the overhead and related PUCCH format for the new feedback mode is calculated as:

1. If the rank of JT is limited to 1, the overhead is one aggregated PMI (at most 4 bits) + one aggregated CQI (4 bits) + subband index (1 or 2 bits) = at most 10 bits. Therefore PUCCH format 2 can be directly reused to carry the aggregated feedback.

2. If the rank adaptation for JT is allowed, the overhead is over the capacity of PUCCH format 2. Therefore we propose to reuse PUCCH format 3 for CSI feedback. And to maximize the efficiency of utilization of PUCCH format 3, we propose to bundle CQIs for 2 successive subbands together in 1 PUCCH. As shown in figure 1, there will be 7 bits aggregated CQIs for subband S1, and 7 bits aggregated CQIs for subband S2, which are calculated assuming transmission on only the specific subband. 1 aggregated PMI is searched assuming transmission over the 2 subbands (at most 4 bits). Considering the subband index which is used to denote subband S1, the 20 bits is fully occupied which avoids overhead waste and reduce the number of PUCCHs to cover the whole bandwidth.


Fig. 1  The CQI bundling in 1 PUCCH for feedback mode 2-2

Proposal 4: For the periodic feedback to support CoMP, new feedback mode 2-2 should be defined to enable aggregated feedback. 2 possible formats can be selected according to the final decision on rank adaptation for JT.

4. Conclusion:

Based on the above analysis, we can conclude that reusing the Rel. 10 CA feedback mechanism to support CoMP is possible, but certain enhancement is required due to the different between CA and CoMP. To solve the possible problems in both aperiodic and periodic feedback, we propose:

Proposal 1: For aperiodic feedback to support CoMP, UE-selected subband feedback mode should not be configured.

Proposal 2: For aperiodic feedback to support CoMP, Aggregated CQI is carried by PUSCH through new introduced feedback mode3-0-1, and triggered by reusing CSI request field with 2 bits. 

Proposal 3: For aperiodic feedback to support CoMP, multiple CQIs are carried by PUSCH through new introduced feedback mode3-1-1.

Proposal 4: For the periodic feedback to support CoMP, new feedback mode 2-2 should be defined to enable aggregated feedback. 2 possible formats can be selected according to the final decision on rank adaptation for JT.
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