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1. Introduction
Among other topics, the current Work Item Description for LTE Carrier Aggregation (CA) Enhancements also mentions UL control signaling enhancements [1]. The outcome from RAN1#66bis was that the potential UL control signaling issues for consideration include: (1) Multiple periodic CSI in a subframe, (2) Periodic CSI and HARQ-ACK in a subframe, (3) Periodic CSI and SRS in a subframe, (4) Simultaneous PUSCH and SRS and (5) HARQ-ACK bundling. The first two topics with the following agreement were covered in RAN1#68bis:

· 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 on the details related to multi-cell HARQ-ACK and Periodic CSI Multiplexing for downlink CA when a UE is configured with PUCCH Format 3.
2. Discussion
The following open questions related to Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA have been identified for the case when UE has been configured to use PUCCH Format 3:

· Channel coding for periodic CSI and Multi-cell HARQ-ACK: joint coding vs. separate coding

· Multiplexing details including resource allocation in the case periodic CSI has been configured to use PUCCH Format 2

· Multiplexing details including resource allocation in the case periodic CSI has been configured to use PUCCH Format 3 (assuming that PUCCH format 3 is agreed to be supported for periodic CSI only reporting).

Channel coding for periodic CSI and Multi-cell HARQ-ACK:
There is an existing agreement to support Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA in Rel-11 using PUCCH Format 3. Two main options available for encoding CSI and HARQ-ACK when using PUCCH Format 3 are joint coding and separate coding.

Our preference is joint coding. The main advantages of joint coding over separate coding are:

· Joint coding has considerably lower complexity in specification, testing and implementation phases.
· Joint coding supports larger payload size for CSI and ACK/NACK. This is beneficial especially in TDD mode.

· Joint coding has maximal flexibility to share the existing PUCCH Format 3 payload among HARQ-ACK and CSI.

Furthermore, it is noted that joint coding is used already with PUCCH Format 3 when multiplexing CA HARQ-ACK and SR. It has been pointed out e.g. in [4] and [5] that separate coding provides better performance (between 0 dB and 1 dB) in some scenarios. We are of the opinion that the performance benefit of separate coding is not sufficient compared to disadvantages discussed above. 

Proposal #1: When the Carrier aggregation HARQ-ACK format is PUCCH format 3, CSI and HARQ-ACK (and SR) are jointly encoded.
Resource allocation in the case periodic CSI configured to use PUCCH Format 2:
The most straightforward approach is to use Format 3 resource assigned for multi-cell HARQ-ACK to convey multi-cell HARQ-ACK and periodic CSI. The reasons behind this statement are (1) Format 2 has limited payload compared to Format 3 (2) there are some payload ambiguity issues related to potential PDCCH failure with PUCCH format 2. It is also noted that in the case of PCell only scheduling the existing Rel-10 rules can be applied as such.
Resource allocation in the case periodic CSI configured to use PUCCH Format 3 (assuming that PUCCH format 3 is agreed for multiple periodic CSI only reporting):

There are two alternatives for the resource allocation in this case:
1. Use PUCCH format 3 resource configured for HARQ-ACK
2. Use PUCCH format 3 resource configured for periodic CSI
Again, the best approach from the payload ambiguity point of view is to use Format 3 resource assigned for multi-cell HARQ-ACK. Hence we consider it as the preferred choice. 
Taking both CSI configuration options into account, it is noted that PUCCH format 3 resource configured for HARQ-ACK is the preferred choice for jointly coded CSI+ multi cell HARQ-ACK with both CSI configuration options. This allows us to make the following proposal
Proposal #2: When the Carrier aggregation HARQ-ACK format is PUCCH format 3, PUCCH format 3 resource configured for HARQ-ACK should be used for the simultaneous transmission of HARQ-ACK and CSI.
Support for optimized HARQ-ACK structure with PCell only scheduling:
An open question related to Multi-cell HARQ-ACK and periodic CSI configured to use PUCCH Format 3 is whether to support an optimized structure for HARQ-ACK in the case of PCell only scheduling similarly as in the case the CSI is configured to use PUCCH format 2. One approach could be to utilize Orthogonal cover code of DM RS (currently unused) to indicate the PCell only case:

· OCC  [1 -1];    Pcell only Scheduling    

· HARQ-ACK payload corresponds to one or two bits only
· OCC  [1  1];  CSI + Multi-Cell HARQ-ACK
· HARQ-ACK payload is dimensioned according to number of configured component carriers and the corresponding transmission modes

3. Conclusions

In this contribution we have discussed improvements for the uplink physical layer signaling related to multiplexing periodic CSI and HARQ-ACK in a subframe when a UE is configured with PUCCH Format 3. Based on the discussion, we make the following proposals:
· Proposal #1: When the Carrier aggregation HARQ-ACK format is PUCCH format 3, CSI and HARQ-ACK (and SR) are jointly encoded.
· Proposal #2: When the Carrier aggregation HARQ-ACK format is PUCCH format 3, PUCCH format 3 resource configured for HARQ-ACK should be used for the simultaneous transmission of HARQ-ACK and CSI.
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