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1. Introduction

In [1] the following has been captured

· 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 the contribution, we discuss multi-cell HARQ-ACK and periodic CSI multiplexing, when UE is configured with PUCCH Format 1b with channel selection. As using PUCCH Format 2b for such multiplexing is straightforward for FDD (e.g., to generate one HARQ-ACK bit for each configured CC via spatial bundling, which results in two HARQ-ACK bits in total), we will focus on the TDD case in the following of the contribution. 
2. Multiple HARQ-ACK and Periodic CSI multiplexing in PUCCH Format 2b
In the current LTE specification, PUCCH Format 2b is used to multiplex 2 ACK bits with periodic CSI in case of normal CP. More specifically the 2 ACK bits are first QPSK-modulated, and then the modulated symbol is used to modulate the RS symbols. In the case of ECP, when ACK and periodic CSI are multiplexed in PUCCH Format 2, the 2 ACK bits are jointly encoded based on [2]. Basically the current specification is able to support up to 2 ACK bits multiplexing with periodic CSI. 

As discussed in the previous section, for FDD it is possible to use spatial bundling on each CC, which results in two bundled ACK bits. In LTE Rel-10 TDD, two HARQ-ACK bits are generated by means of time domain bundling for each of the two CCs [3], which results in four HARQ-ACK bits in total. Therefore, it is unclear how HARQ-ACK and Periodic CSI are multiplexed based on PUCCH format 2 or 2b. In the following we list some existing proposals from Rel-10 discussions and also their pros and cons. 
Possible options

Option 1 Drop periodic CSI and transmit HARQ-ACK only by PUCCH Format 1b with channel selection

· Pros:  Existing mechanism when simultaneousAckNackAndCQI is false. No extra specification effort. 

· Cons:  HARQ-ACK and periodic CSI multiplexing not supported in this case

Option 2  Multiplex four ACK bits with periodic CSI so that [4]
· For the case of normal CP

· Two ACK bits are QPSK-modulated and then the modulated symbol is used to moduldate the RS symbols, and 

· The other two ACK bits jointly encoded with periodic CSI;
· For extended CP

· Periodic CSI is dropped
· Pros:  Four ACK bits can be multiplexed with periodic CSI
· Cons: Higher requirement on UL SINR due to increased total payload size
Option 3 Use “full bundling” (bundling in both CC and time domains)to reduce the HARQ-ACK bits to two[5]
· Pros:  Effective payload size similar as PUCCH Format 2b, so no extra UL SINR requirement 

· Cons:  DL throughput loss from full bundling 
Option 1 can be kept so that network can decide whether HARQ-ACK and periodic CSI multiplexing is supported for a given UE, e.g., based on estimation of its UL geometry and configurations of periodic CSIs for the CCs. On the other hand, Option 1 is not effective as at least for UEs which have with good UL geometry or when the number of periodic CSI bits is small, it shall be possible to multiple ACK and periodic CSI to improve the system performance, e.g., based on Option 2. 
Proposal #1 Multiplexing 4 HARQ-ACK bits with periodic CSI (e.g., based on option 2 above) shall be supported at least in the following cases

· When UE’s UL SINR is sufficiently good, and/or

· When the total payload size of HARQ-ACK and periodic CSI is low
Furthermore, it is preferable to make use of PUCCH format 2b to also serve the UEs which do not have sufficient UL SINR to support Option 2. Option 3 lowers the SINR requirement for the use of PUCCH format 2b, however, the full bundling of HARQ-ACK leads to significant DL throughput loss, which is contradictory to the motivation of HARQ-ACK and periodic CSI multiplexing. Actually one special case with the current LTE specification is when UE receives PDSCH on the PCell only, in which case UE shall generate HARQ-ACK bits for PCell only. In such special case, the HARQ-ACK feedback reduces to 2 bits and it enables the HARQ-ACK and periodic CSI multiplexing in PUCCH format 2b at lower SINR level. To remove the scheduling restriction in this case, UE may generate HARQ-ACK bits only for the CC on which it receives PDSCH. 
Proposal #2 The following mode is supported at least for UEs that have UL SINR to use PUCCH Format 2b
· 2 HARQ-ACK bits are generated for Scell if UE only receives PDSCH from Scell, otherwise 2 HARQ-ACK bits are generated for Pcell

· UE generates 2 HARQ-ACK bits for a CC in the same way as in LTE Rel-10

· The 2 HARQ-ACK bits are multiplexed with periodic CSI as in PUCCH Format 2b

Specification impact
In the following we discuss on possible spec impact from our proposals. First of all, the parameter simultaneousAckNackAndCQI in Rel-10 can be reused to switch a UE between Option 1 and the other modes. 
When simultaneousAckNackAndCQI is set to TRUE for a UE, two modes need to be specified, i.e., 
· Mode 1 is similar to PUCCH Format 2b in Rel-10, but the only change is to specify the UE behaviour as given in Proposal #2 to generate 2 HARQ-ACK bits, and

· Mode 2 is to support 4 HARQ-ACK bits multiplexing with periodic CSI, e.g., using Option 2 in this section.
The extra specification effort with Mode 1 is limited, as the only need is to define the case when UE receives only PDSCH from Scell, while for the other cases, existing Rel-10 behaviour can be reused. 
For Mode 2 the basic building blocks, i.e., joint encoding of CSI and ACK bits and modulations of RS symbols have been specified in Rel-8 already. The only extra specification is to specify the UE behaviour according to Option 2. Extra testing case for Mode 2 may not be needed in RAN4, as for PUCCH Format 2b. 
3. Conclusions
In this paper, we discuss on Multi-cell HARQ-ACK and Periodic CSI Multiplexing in PUCCH format 2b. Our proposals are summarized in the following
Proposal #1 Multiplexing 4 HARQ-ACK bits with periodic CSI (e.g., based on option 2 above) shall be supported at least in the following cases

· When UE’s UL SINR is sufficiently good, and/or

· When the total payload size of HARQ-ACK and periodic CSI is low
Proposal #2 The following mode is supported at least for UEs that have UL SINR to use PUCCH Format 2b
· 2 HARQ-ACK bits are generated for Scell if UE only receives PDSCH from Scell, otherwise 2 HARQ-ACK bits are generated for Pcell

· UE generates 2 HARQ-ACK bits for a CC in the same way as in LTE Rel-10

· The 2 HARQ-ACK bits are multiplexed with periodic CSI as in PUCCH Format 2b

Based on our analysis, these two modes can be supported in LTE Rel-11, with reasonable specification efforts. 
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