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Discussion and Decision
1
Introduction

In this contribution we consider the necessity for supporting various combinations different of UL signals and channels in LTE-Advanced. In Section 2 we discuss SRS transmission on the frequency resources reserved for the PUCCH. Another topic covered in this paper in Section 3 is the need for the following multiplexing combinations on the PUCCH: 
· multi-A/N and positive SR
· multi-A/N and CQI

· multi-A/N and SRS
2. SRS transmission on PUCCH

In this section we discuss the multiplexing between SRS and different PUCCH signals.  In LTE Release 8/9, shortened format is specified in order to support transmission of SRS and PUCCH format 1/1a/1b signals (ACK/NACK, SR) during the same sub-frame. However, concurrent transmission of PUCCH Format 2/2a/2b and SRS during the same sub-frame is not supported.
We note that the amount of DL control information transmitted in UL will be increased in Rel-10 due to new features such as component carrier aggregation and higher order DL MIMO.  The increased number of DL control information bits will be there already in typical CA scenarios with multiple CCs only in DL direction. Because of the fact that SRS signal is essential component to achieve high uplink efficiency, it is preferable to support SRS multiplexing in all cases including PUCCH Format 2/2a/2b and other possible channels needed to convey multi-A/N on PUCCH (e.g., block-spread DFT-S-OFDMA). We think that option for concurrent transmission of A/N and SRS should cover also the case of multi-A/N supported in LTE-Advanced. 
Proposal 1:  TDM multiplexing between SRS and PUCCH needs to be supported for all control channels (including  CQI and multi-A/N) 
3.
Multiplexing multi A/N with CQI and SR
LTE Rel-8/9 supports multiple multiplexing options between A/N, CQI and SR. We think that it would be preferable to support at least the same multiplexing options in LTE-Advanced with carrier aggregation. This option would avoid unnecessary scheduling restrictions and allow for maintaining uplink delay performance in all cases.
It is noted that transmission of multi-A/N is not straightforward in the case when multiplexed with positive SR or CQI.  Different alternatives are discussed in [1].   Solution based on cross-carrier A/N bundling would be the simplest way to support all the multiplexing options between multi-A/N, CQI and SR.  This would mean that all the multiplexing options supported in Rel-8/9 would be available also in LTE-A. At the same time beneficial low-PAPR properties of the transmitted signal can be fully maintained (as in Rel-8/9).
Proposal 1:  LTE-A should support at least the same multiplexing options as Rel 8/9. 
Proposal 2:  Cross-carrier A/N bundling is applied when multiplexing multi-A/N with CQI or SR

4.
Summary & Way Forward
In this contribution we discussed the necessity and alternatives for supporting different multiplexing options on LTE-A PUCCH.  Based on the discussion we propose the following actions:
Proposal 1: TDM multiplexing between SRS and PUCCH needs to be supported for all control channels (including  CQI and multi-A/N)
Proposal 2:  LTE-A should support at least the same multiplexing options as Rel 8/9. 

Proposal 3:  Cross-carrier A/N bundling is applied when multiplexing multi-A/N with CQI or SR
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