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1. Introduction
Based on the outcome of Rel-10 discussions there is still some room for improvements in uplink physical layer signalling signaling related to carrier aggregation. The outcome from RAN1#66bis was that the potential UL control signaling issues for consideration include:
· Multiple periodic CSI in a subframe

· Periodic CSI and HARQ-ACK in a subframe

· Periodic CSI and SRS in a subframe

· Simultaneous PUSCH and SRS 

· HARQ-ACK bundling
The next step would be to narrow down the list as much as possible based on the evaluations of the gain and trade-off analysis including for scenarios with more than two aggregated CCs. In this paper we present our view on the HARQ-ACK bundling.
2. Discussion
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 [1].
· 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 [2].
Proposal: Consider spatial bundling as the primary scheme for additional HARQ-ACK compression on PUCCH.

Proposal: 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 HARQ-ACK bundling. Based on the discussion, we make the following proposals:
· Proposal #1: Consider spatial bundling as the primary scheme for additional A/N compression on PUCCH.

· Proposal #2: 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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