3GPP TSG-RAN WG1 Meeting #69
R1-122394
Prague, Czech Republic, May 21-25, 2012
Agenda item:

7.2.1.2.1
Source:
Nokia Siemens Networks, Nokia
Title:
Periodic CSI multiplexing for Carrier Aggregation
Document for:

Discussion and Decision

1. Introduction
As the LTE Evolution continues with Release 11 work, discussion on the need for UL control signaling improvements to support Carrier Aggregation Enhancements has emerged. In LTE Release 11 work, a set of new features have been identified as ways to further improve DL performance. The factors to bear in mind include:
· In carrier aggregation, it is expected that asymmetrical DL-UL combinations are rather dominant, hence stretching the UL capacity required for increased CSI FB.
· Particularly in TDD, where there are naturally fewer UL subframes available for CSI feedback signaling, the multiplexing of CSI reports requires special attention
· When considering the combination of CA with eICIC, resource specific CSI will increase the number of independent CSI reports even further, potentially doubling the number of periodic CSI reports for the same reporting periodicity of each element and hence same expected radio performance. 
· Similarly, when combining CA with CoMP the need to feedback CSI for multiple cells also multiplies the number of CSI feedback bits needed

Among other topics, the current Work Item Description for LTE Carrier Aggregation Enhancements also mentions UL control signaling enhancements [1]. More specifically, the support for improved multiplexing of periodic multi-cell CSI reports as well as HARQ-ACK and SR has been debated over the last few RAN WG1 meetings. Finally, in RAN1#68bis the following was agreed:

-------------------------------------------------------------------------------

Agreement:

· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

-----------------------------------------------------------------------------------
In this contribution we present our views related to development of CSI signalling schemes for Carrier Aggregation in LTE Release 11.
2. Uplink channel format for Multi-Cell Periodic CSI
The decision from RAN1#68bis limits the considerations on the new CSI signalling format to the existing UL channels. This leaves us with three clear options:
· Periodic PUSCH
· PUCCH Format 2 (2a/2b)

· PUCCH Format 3

In the following we discuss the applicability of each of these candidates on Multi-Cell Periodic CSI reporting

2.1. Periodic PUSCH 
Periodic PUSCH could in principle be used as a container for multi-cell periodic CSI reporting. The benefit of using PUSCH is that it allows for having very high payloads – there is virtually no upper limit for the size of the reports. On the other hand, as the payload of periodic CSI reports is currently limited up to 11 bits, there is no clear need to be able transmit very large payloads even when considering the extreme carrier aggregation scenario of 5 DL CCs or e.g. feedback for CoMP operation. Moreover, the price to pay for the high supported payload is the low multiplexing capacity, as a dedicated PRB(s) needs to be reserved for each user. In other words, PUSCH is an over-dimensioned channel for the purpose of periodic multi-cell CSI reporting, resulting in excessive overhead.
Observation 1: Periodic PUSCH is not a preferred format for multi-cell periodic CSI reporting due to its low multiplexing capacity.
2.2. PUCCH Format 2 (2a/2b)

PUCCH Format 2 and its derivatives are the UL format used for conveying periodic CSI reports in LTE Releases 8-10. The benefits of PUCCH Format 2 include:

· Large multiplexing capacity (up to 12 UEs/PRB, 6 UEs/PRB in practice)
· Modest standardization effort (existing procedures could be applied as such)

On the other hand, the capacity of PUCCH Format 2 is currently limited up to 11 bit, and cannot be increased significantly without running into issues with coverage due to excessively high coding rate. While 11 bits is sufficient for the single CC-case, it also means that there is very little or no room multiplexing CSI reports for multiple CCs as an individual report may consume the PUCCH Format 2 payload. Therefore our conclusion is that PUCCH Format 2 is not suitable format for Multi-Cell Periodic CSI reporting.

Observation 2: PUCCH Format 2/2a/2b is insufficient for the purpose of Multi-Cell periodic CSI reporting due to limited payload. 

2.3. PUCCH Format 3
PUCCH Format 3 introduced to the LTE specifications in Rel-10 is another clear alternative. There are certain benefits with this approach:

· Format 3 supports currently payloads up to 20 bits. This is exactly the range of bits relevant for multi-cell periodic CSI reporting where the size of individual reports varies between 1 and 11 bits. 
· Another benefit of PUCCH format 3 is the multiplexing capacity: 4 -5 reports can be multiplexed onto a single PRB. 
· Furthermore, another agreement from RAN1#68bis is to support multiplexing of multi-cell HARQ-ACK, SR, and periodic CQI. As it has already been agreed that Format 3 can be used to transmit periodic CSI (for a single cell), it would be a logical and clean design choice to use the same format also in the case of multi-cell CSI feedback.
· E.g. the same resource allocation principles can be used as in the case of multi-cell HARQ-ACK 
Based on the above considerations we make a proposal:

Proposal: Multi-Cell periodic CSI reporting is based on PUCCH Format 3

3. Conclusions

In this contribution we discuss the different alternatives for transmission of periodic multi-cell CSI reporting. Our observations and proposals can be summarized as follows:

Observation 1: Periodic PUSCH is not a preferred format for multi-cell periodic CSI reporting due to its low multiplexing capacity.
Observation 2: PUCCH Format 2/2a/2b is insufficient for the purpose of Multi-Cell periodic CSI reporting due to limited payload. 

Proposal: Multi-Cell periodic CSI reporting is based on PUCCH Format 3
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