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Discussion and Decision

1. Introduction
Based on the outcome of Rel-10 discussions [1] there is still some room for improvements in uplink physical layer signalling signaling related to carrier aggregation. In this paper we present our view on the multiplexing options that need to be prioritized during Rel-11 CA WI.
2. Discussion
In this section we discuss various improvement topics for uplink physical layer signalling related to carrier aggregation. 

Periodic CSI reporting on PUCCH [2]
In Rel-10 the Carrier Aggregation (CA) was primarily optimized for two component carriers (CC) and it was seen as sufficient to not allow for multiplexing of periodic CSI reports for multiple CCs in one subframe. Instead, in case of a collision the agreement is to drop all reports but one according to a predefined priority order. However, the increasing requirements for CSI reporting due to larger number of utilized carriers makes this kind of operation difficult, as the 11-bit PUCCH format 2 is simply not capable of providing even wideband CSI in some scenarios without reports colliding and dropped. 
Furthermore, as discussed in [2], it would be greatly beneficial to have periodic PUCCH formats significantly larger than today, capable of delivering moderately large payloads. In our view the clear direction of extending the capacity of periodic CSI reporting would be to utilize PUCCH format 3-like structure, with a possibility for frequency allocations larger than 1 PRB. 

Proposal 1: Investigate the possibility of supporting transmission of multiple periodic CSI reports during one subframe 
Simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH
LTE Rel-10 does not allow for multiplexing of periodic CSI and CA HARQ-ACK on PUCCH. Instead, in the case of a collision the agreement is to drop CSI and transmit only HARQ-ACK. However, in the case of PCell only scheduling, it is possible to multiplex CQI and HARQ-ACK according to Rel-8 behaviour.  

LTE Release 11, with the increasing requirements for CSI reporting makes this kind of operation difficult (mainly due to excessive dropping). Hence, it makes sense to consider support for multiplexing periodic CSI and Carrier Aggregation HARQ-ACK on PUCCH. We propose to consider this option for both channel selection and PUCCH Format 3.
Proposal 2: Investigate the possibility of supporting simultaneous CSI and CA HARQ-ACK transmission on PUCCH covering both channel selection and PUCCH Format 3.
Simultaneous transmission of periodic CSI and SRS
LTE Rel-10 does not allow for multiplexing of periodic CSI and Sounding Reference Signal during the same subframe on the PUCCH. Again, increasing number of component carriers will increase the collision probability of CSI and SRS which in turn increases the CSI/SRS dropping. Furthermore, it is to be noted that Format 2/2a/2b is the only PUCCH channel which does not support shortened format currently. We think that it makes sense to consider support for simultaneous transmission of periodic CSI and SRS in Rel-11.
Proposal 3: Investigate the possibility of supporting simultaneous transmission of SRS and periodic CSI on PUCCH.

Support for A/N compression when using PUCCH Format 3
In Rel-10 it was seen as sufficient to support A/N compression (i.e., Mode 2 with TDD) only in the case of channel selection but not with PUCCH Format 3. We are of the opinion that due to negative impact on the DL throughput and due to complicated error case handling, introduction of time or carrier domain bundling should be avoided also in Rel-11. Instead the following methods to improve the CA ACK/NACK coverage should be considered:
· Consider support for spatial bundling of HARQ-ACK also with the payload sizes smaller than 20 bits [3].
· Consider increasing the resource size (= processing gain) of PUCCH Format 3 to improve the coverage of CA HARQ-ACK with high payloads (such as 20 bits). It is noted that in the interference limited scenario, increasing the PUCCH resource size will improve the HARQ-ACK coverage considerably [4].
Proposal 4: Consider spatial bundling as the primary scheme for additional HARQ-ACK compression on PUCCH.

Proposal 5: Consider increase of the resources size with PUCCH format 3 (= increased degree of processing gain) as the coverage booster for large HARQ-ACK payloads on PUCCH (TDD).

3. Conclusions

In this contribution we have discussed improvements for the uplink physical layer signaling related to carrier aggregation on PUCCH. Our proposal is to first agree on the multiplexing schemes to be prioritized in Rel-11.  Based on our current thinking, we propose to focus on the following improvement topics (in priority order):
· Proposal 1: Investigate the possibility of supporting transmission of multiple periodic CSI reports during one subframe 
· Proposal 2: Investigate the possibility of supporting simultaneous CSI and CA HARQ-ACK transmission on PUCCH covering both channel selection and PUCCH Format 3.
· Proposal 3: Investigate the possibility of supporting simultaneous transmission of SRS and periodic CSI on PUCCH.

· Proposal 4: Consider spatial bundling as the primary scheme for additional A/N compression on PUCCH.

· Proposal 5: Consider increase of the resources size with PUCCH format 3 (= increased degree of processing gain) as the coverage booster for large HARQ-ACK payloads on PUCCH (TDD).
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