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1. Introduction

In RAN1 #69, it was agreed that,

· In the case of a single CC configuration where multiple CSIs are configured for CoMP, 2-bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4 for triggering of aperiodic CoMP feedback

· The candidate CSI reports are configured by RRC

· 1-bit CSI request remains in format 0 in the case of CSS

· FFS the payload content of the report

· Multiple CSI feedbacks could be multiplexed within one report instance

· FFS how to configure these multiple feedbacks into one report instance

· FFS the semi-static and dynamic signaling details

· FFS if CSI request field is extended to other than 2 bits, by adding new bits or using existing codepoints

· FFS simultaneous usage of CSI request filed for CoMP and Carrier Aggregation.
An email discussion on the FFS items was followed as in [1].  For the purpose of the discussion, the following assumption is proposed regarding terminology:
· A single aperiodic CSI report on PUSCH corresponds to the CSI reported for one NZP CSI-RS resource with one IMR (i.e., a single hypothesis about the transmission scheme and interference).

An open issue is the method of multiplexing multiple CSI feedbacks into one report instance on PUSCH, in terms of channel coding, modulation and multiplexing mechanisms in case of MIMO.  
We discuss the different types of UCI in the context of CoMP and propose solutions below.

2. HARQ-ACK
Different from carrier aggregation (CA), HARQ-ACK feedback from each UE consists of a maximum of 2 bits of information for DL CoMP irrespective of the number of coordinated TPs.
· Channel coding: repetition coding for 1-bit or simplex coding for 2-bit (Same as Rel.8)
· Modulation: corner constellation points (Same as Rel.8)
· Multiplexing with UL-SCH data: Punctured into the coded UL-SCH data and mapped near to the RS (Same as Rel.8).
3. Rank Indicator
From the discussions in RAN#70, it is still FFS whether the RI reporting might be configured commonly for all CSI processes based on a RI-reference-process or configured independently for different CSI processes as discussed in [3].  If a RI-reference-process is configured, the RI feedback coding and multiplexing mechanism in Rel-10 could be reused.  
If independent RI reporting for different CSI processes is used, there are various different possibilities for the coding and transmission of multiple RI reports. We discuss the different possibilities below.
The number of RI bits that need to be supported depends on the assumptions about how CoMP is configured in conjunction with CA. 

For example:

· If a single RI is reported per CC (e.g. by means of a reference process), the maximum number of RI bits is 15.

· If one RI is reported per CSI process, and CoMP is configured on just 1 CC, as proposed in [2], then considering CA with up to 5 CCs and up to 8 antenna ports per CSI-RS resource, the maximum number of RI bits that needs to be supported in Rel-11 is 21 or 24, depending on whether the maximum number of CSI processes supported per CC is decided to be 3 or 4. 

· If one RI is reported per CSI process, and CoMP may be configured on up to 2 CCs, the maximum number of RI bits that needs to be supported is 27 or 33, depending on whether the maximum number of CSI processes supported per CC is decided to be 3 or 4.

· If one RI is reported per CSI process, and CoMP may be configured on up to 5 CCs, the maximum number of RI bits that needs to be supported is 45 or 60, depending on whether the maximum number of CSI processes supported per CC is decided to be 3 or 4.

Now considering the multiplexing options:
· Channel coding: Either joint coding or separate coding may be considered:
· Joint coding of all RI information bits for multiple CSI processes: Similar to CA

· With two concatenated (32, O) Reed-Muller codes, the maximum available RI information bits could be up to 22, which will only support the possibilities of a single RI per CC, or up to 3 RIs for one CC with 1 RI for the other CCs. To support larger blocks of RI bits, more Reed-Muller coders could be concatenated. 
· Separate coding of the RI information bits for each CSI process: one encoded RI block corresponding to each CSI process,

· Common beta value for all RI blocks or different beta values for different CSI processes.
· The encoded RI blocks could be concatenated in increasing order of CSI process index and transmitted in one subframe.

· The RI information bits for each CSI process might not approach the maximum number of input bits of each Reed-Muller encoder.  Thus the coding redundancy is high but the efficiency is reduced.
· In the light of these considerations, we propose joint coding of independent RI feedback associated with multiple CSI processes. The order for concatenation before encoding should be based on the order of the configured CoMP CSI processes.  Concatenation of RIs for different CoMP CSI processes of one CC should be performed before concatenation of RIs for different CCs. As many concatenated Reed-Muller encoders should be used as are needed for the number of bits to be reported. 
· Modulation: Corner constellation points (same as Rel.8)

· Multiplexing in case of MIMO

· Replication for all layers (same as Rel.10) -> achieving linear SNR combining gain at the cost of distributed transmission power among all antennas

· Spatial multiplexing, i.e., different RI blocks are multiplexed on different layers.
· UCI-only multiplexing on PUSCH without UL-SCH data
· The channel coding, modulation and multiplexing in case of MIMO could use the same mechanisms as mentioned above.
4. Channel Quality Indicator/Precoding Matrix Index (CQI/PMI)
According to the discussions in RAN1#70, it is likely that a maximum of 3 or 4 CSI processes will be able to be configured for CoMP per CC, considering the feedback overhead and UE complexity.  To support multiplexing of multiple CQI/PMI feedbacks within one report instance as agreed in RAN#69, we discuss the possible coding and transmission schemes as follows,
· Channel coding: 

· Joint coding of multiple CQI/PMI for all CSI processes
· For small CQI/PMI payload sizes up to 11 bits, the (32,O) Reed-Muller code could be reused.  No CRC is applied. This case will not occur often with CoMP. 
· For large CQI/PMI payload sizes greater than 11 bits, the tail-biting convolutional code is reused.  A CRC is attached.
· Code block segmentation for the large CQI/PMI payload sizes with more than 22 bits is unnecessary.
· Separate coding of the CQI/PMI for each CSI process
· Common beta value for CQI/PMI blocks or different beta values for different CSI processes
· Tthe encoded CQI/PMI blocks could be concatenated in increasing order of CSI process index and transmitted in one subframe
· In the light of these considerations, we propose joint coding of multiple CQI/PMI reports for different CSI processes. The order for concatenation before encoding should be based on the order of the configured CoMP CSI processes.  Concatenation of CSIs for different CoMP CSI processes of one CC should be performed before concatenation of CSIs for different CCs.
· Modulation: Corner constellation points (same as Rel.8)

· Multiplexing in case of MIMO

· In view of the limited timeframe for Rel-11, the simplest approach is to use the codeword (CW) with best quality. In a future release, it could be considered whether for large CSI feedback payload sizes for CoMP it may be worthwhile for the second CW in case of spatial multiplexing to share the UCI, rather than all the UCI being multiplexed into a single CW as in Rel-10.
· UCI-only multiplexing on PUSCH without UL-SCH data: 

i. Similar to the above description
5. Conclusions

In this contribution, we discuss the specification considerations needed for transmitting UCI corresponding to multiple CSI processes on PUSCH, in terms of channel coding, modulation, multiplexing in case of MIMO.  
We propose that,
· The order for concatenation should be based on the order of the configured CSI processes.
· Concatenation of CSIs for different CoMP CSI processes of one CC should be performed before concatenation of CSIs for different CCs.
· Joint coding is used for CSIs of a given type (i.e. all RIs in a subframe are jointly encoded, and all CQI/PMI in a subframe are jointly encoded). 

· Modulation and MIMO codeword mapping should be performed in the same way as Rel-10. 
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