3GPP TSG-RAN WG1 #68
R1-120065

Dresden, Germany, 6th-10th February 2012
Source:
Ericsson, ST-Ericsson
Title:
Periodic CSI multiplexed with CA A/N on PUCCH

Agenda Item:
7.2.1.2.1


Document for:
Discussion and Decision
1. Introduction

At meeting RAN1#67, two possible UL control enhancements were suggested:

Possible enhancements under consideration for UL control signalling:

· To enable transmission of multiple periodic CSI in a subframe:

· To enable transmission of periodic CSI and HARQ-ACK in a subframe:

The transmission of periodic CSI and HARQ-ACK in a subframe when simultaneous transmission of PUSCH and PUCCH is not configured was discussed and found useful to avoid frequent dropping of periodic CSI. The reason is when collision occurs only the multi-cell A/N is transmitted and the CSI reports are dropped. These collisions are complicated to avoid by the scheduler since it would impact on the downlink scheduling flexibility. Note that PUCCH collisions of PCell only A/N and periodic CSI are handled as in Rel-8.

During standardization of Rel-10 several papers addressed the need to support simultaneous transmissions of periodic CSI and multi-cell A/N on PUCCH [1]
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 \* MERGEFORMAT [3]. However, in LTE Rel-10 this is not supported. In a number of contributions [5][6][7], the re-use of PUCCH Format 3 for A/N and CSI multiplexing has been proposed and taking into account the trade-off analysis for CA, this solution has merits in terms of relatively small specification impact since the format already exists in Rel-10 specifications. In this contribution we further discuss such a new PUCCH Format. 

2. An extended PUCCH format 3 

As the analysis in [9] showed, there can be a performance benefit to be able to feed back periodic CSI  and multi-cell HARQ-ACK within one subframe in some scenarios, especially since this type of collisions may occur frequently for large sets of aggregated carriers with heavy DL traffic that generates frequent A/N.  Also in some of the TDD UL/DL configurations there is a high probability of A/N and CSI collission.

Trade-off Analysis

The scenario for supporting periodic CSI + multi cell HARQ-ACK is when the UE aggregate multiple component carriers and when it is scheduled on multiple component carriers. The direct benefit of supporting a joint PUCCH format for periodic CSI and multi cell HARQ-ACK is that the eNB will be able to do more accurate scheduling and link adaption for the UE and by that increase the UE throughput of up to 10% [9]. The drawback with this is that there will be an additional scheme that will be needed to be supported in UEs and to perform tests on. Hence, the workload impact on the working groups in 3GPP is:

· RAN1 would need to design how periodic CSI + HARQ-ACK is multiplexed. 

· RAN2 would need to define the RRC signaling to turn on or off the scheme and potentially any other signaling that relate to the approved scheme.

· RAN3 have no impact

· RAN4 needs to define potentially performance requirements, if RAN4 agrees to do that. 
Based on this trade-off analysis we propose the following
Proposal

· A scheme to feed back simultaneous periodic CSI for one cell and multi-cell A/N in PUCCH should be supported

In order to capitalize on already existing building blocks and possibly minimize specification impact it is preferable to evaluate a new PUCCH format supporting simultaneous transmission of multi-cell A/N feedback and single-cell periodic CSI that is reusing these building blocks. 

In the new format, it can be assumed that the bits of each feedback type are encoded using its own RM coder, hence separate processing. In total 48 bits coded bits can be transmitted with PUCCH format 3, which are distributed among the coded HARQ-ACK and periodic CSI bits. To rate match the individuals code blocks into a total size of 48 bits each individual code is punctured or cyclically rate matched to obtain in total 48 coded bits. The number of coded HARQ-ACK bits and the number of coded periodic CSI bits is determined by the number of HARQ-ACK bits which is determined by CA configuration and transmission mode. For FDD, no bundling but full HARQ-ACK feedback can be assumed. If the remaining bits allocated to periodic CSI feedback are too few to enable transmission of the full periodic CSI report only the most important parts of the periodic CSI report are transmitted. 

An interleaver ensures that coded bits of each individual code block are transmitted in both slots to obtain diversity. Extensions to transmit diversity are straight forward and the proposed scheme supports the already defined SORTD scheme. Furthermore, in the discussion of an improved transmit diversity scheme for PUCCH format 3 a potential new use case of PUCCH format 3 to support also periodic CSI+ multi cell HARQ should be kept in mind.
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	Figure 1: PUCCH format supporting separate processing of multi-cell HARQ-ACK feedback together with single-cell periodic CSI report based on PUCCH format 3.


If the terminal already has a PUCCH format 3 resource assigned and reports multi-cell HARQ-ACK together with periodic CSI it uses the assigned PUCCH format 3 resource (i.e. resource determined by configuration together with ARI contained in PDCCH) but transmits this new format instead of PUCCH Format 3.

Even for terminals not yet configured with a PUCCH format 3 resource (i.e. terminals using PUCCH format 1b with channel selection) we propose to this mode for simultaneous transmission of multi-cell A/N feedback and single-cell periodic CSI report. This implies that terminals using PUCCH format 1b with channel selection to report stand-alone multi-cell A/N need to be configured with PUCCH format 3 resources for reporting multi-cell A/N feedback together with periodic CSI. 
Proposal 

· For FDD, assume and evaluate a PUCCH format based on format 3 for transmission of multi-cell A/N feedback together with a single-cell periodic CSI report.

2.1. Extensions for TDD

The RM codes used in PUCCH format 3 only support up to 11 information bits. Since in the proposal outlined in the previous section HARQ-ACK bits are fed into a single encoder it can be applied to TDD for up to 10 A/N bits. For more than 10 bit HARQ-ACK feedback it is proposed to fall back to the dual RM code design of Rel-10 and drop CSI. 

Proposal

· For TDD, assume the proposed FDD scheme up to 10 A/N bits. For more than 10 A/N bits, assume reuse of the dual RM code design of Rel-10 and drop periodic CSI.
3. Conclusion

Based on the analysis and discussion in this contribution we have he following proposals

· Proposal 1: A scheme to feed back simultaneous periodic CSI for one cell and multi-cell A/N in PUCCH should be supported

· Proposal 2: For FDD, assume and evaluate a PUCCH format based on format 3 for transmission of multi-cell A/N feedback together with a single-cell periodic CSI report.
· Proposal 3: For TDD, assume the proposed FDD scheme up to 10 A/N bits. For more than 10 A/N bits, assume reuse of the dual RM code design of Rel-10 and drop periodic CSI.
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