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1. Introduction

In the RAN1#60bis meeting, the following was agreed for PUCCH design:

· Maximum 10 A/N bits shall be supported

· FFS: 12 bits if DTX is explicitly indicated

· Optimization shall be for M to N bits where M<N<10
In addition, RAN1 agreed to support both PUCCH format 1b with channel selection and DFT-S-OFDM based format in RAN1#61bis meeting.

However, the ACK/NACK multiplexing schemes on PUSCH have not been stabilized yet. In this contribution, we present our views on how to multiplex ACK/NACK onto PUSCH.
This is a resubmission of R1-104892.
2. Discussion 
In RAN1#61bis meeting, it was agreed to support control piggy-backing on PUSCH (UCI on PUSCH) for CA and non-CA operation. In this section, we discuss more detailed ACK/NACK multiplexing scheme on PUSCH.
2.1. Maximum number of ACK/NACK bits in case of UCI on PUSCH
In release-8, in case the number of ACK/NACK bits is 3 or 4, block coding is used as channel coding scheme. Since the block coding scheme defined in release-8 can also support more than 10 bits, the same scheme could be used for the carrier aggregation ACK/NACK in release 10.

In addition, the number of ACK/NACK information should be constant regardless of whether it is transmitted via PUCCH or PUSCH; hence, we propose to support up to at least 10 bits ACK/NACK information on PUSCH. If DFT-S-OFDM based format supports more than 10 bits, the same number of bits should also be supported. 

Proposal 1: At least 10 bits ACK/NACK are supported in case of UCI on PUSCH
2.2. ACK/NACK multiplexing schemes on PUSCH
2.2.1 In case of non-carrier aggregation assignment
As discussed in [3], the number of ACK/NACK information bits should be determined based on number of configured DL CCs in order to avoid misalignment between eNB and UE. However, even if UEs are configured to carrier aggregation, UEs is not necessary to always receive carrier aggregation assignment as discussed in [4]. In other words, if UEs are required to send ACK/NACK only for PCell, the ACK/NACK information for SCell(s) is just “DTX”.
Hence, in order to avoid just sending DTX for SCells over the PUSCH resource frequently, we propose that UE shall follow release-8 TDM scheme of ACK/NACK and UL data when UE receives DL assignment only for PCell, since carrier aggregation ACK/NACK requires more PUSCH resource than release-8 ACK/NACK. It should be noted that the amount of ACK/NACK resource is linked to the MCS of PUSCH and increases linearly according to number of ACK/NACK information bits. Since the propagation environments are different in uplink and downlink, the MCS used for uplink might be very low even in case of DL carrier aggregation; hence, to always reserve the resources on PUSCH based on the configured number of CC may result in wastage of uplink resources. In addition, in PUCCH discussions [4,5], the majority of the companies actually assume to use release-8 format 1b in case of non-carrier aggregation assignment; hence, this proposal gives the commonalities between the ACK/NACK managements for PUCCH and PUSCH.
Proposal 2: Even when UE is configured for carrier aggregation, it shall use release-8 TDM scheme of ACK/NACK and UL data, if it receives “only one DL assignment for PCell” simultaneously with UL grant(s).
2.2.2 In case of carrier aggregation assignment

In case of carrier aggregation assignment, UE shall send ACK/NACK for carrier aggregation. The number of ACK/NACK bits for carrier aggregation is determined by the number of configured DL CCs.

We propose to reuse release-8 TDM scheme as much as possible. To be more specific, the number of ACK/NACK resources on PUSCH is determined by “the number of ACK/NACK information bits”, and the channel coding scheme of ACK/NACK information is based on block coding (for more than 2 bits ACK/NACK).

In the followings, we further discuss the alternatives for channel coding. We propose to study further on these alternatives.
Proposal 3: In case of carrier aggregation assignment, study further both “joint coding” and “separate coding” of the ACK/NACK  bits for PCell and those for SCell(s).
Alternative 1 : Joint coding
In this alternative, ACK/NACK information bits for PCell and those for SCell(s) are jointly encoded as shown in figure 1.
Joint coding may bring some gains compared to separate coding; however, UE may miss DL assignment for SCell(s), and there would be the case that eNB expects carrier aggregation ACK/NACK whereas UE feedbacks only release-8 ACK/NACK (if proposal 2 is applied). Hence, eNB should distinguish between fig.1 (a) and fig.1 (b) in order to accommodate the case when UE misses the DL assignment for SCell(s).

· Pros

· ACK/NACK performance could be better because of joint coding 
· Cons

· eNB should distinguish between fig.1 (a) and fig.1 (b) in order to accommodate the case when UE misses the DL assignment for SCell(s). This increase of hypothesis may worsen the DTX detection performance.
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Figure 1 Joint coding of ACK/NACK information for PCell and that for SCells (Alt 1)
Alternative 2 : Separate coding
In this alternative, ACK/NACK information bits for PCell and those for SCell(s) are separately encoded as shown in figure 2. Note that if UE receives DL assignments for SCell(s) only together with UL grant(s), UE sets “NACK” to ACK/NACK information for PCell.
By using separate coding, at least DTX detection performance for PCell remains the same as release-8. In addition, the DTX detection algorithms already implemented in release-8 eNB can be reused.

· Pros

· DTX detection performance could be better than joint coding

· DTX detection algorithm at eNB in release-8 could be reused
· Cons

· There might be some performance loss compared to joint coding
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Figure 2 Separate coding of ACK/NACK information for PCell and that for SCells (Alt 2)
3. Conclusion

In this contribution, we discuss how to support multiplexing of the ACK/NACK information and UL data. Based on the discussions above, we propose followings.

· At least 10 bits ACK/NACK are supported in case of ACK/NACK on PUSCH
· Use release-8 TDM scheme of ACK/NACK and UL data, if it receives “only one DL assignment for PCell” simultaneously with UL grant(s). This is valid even when UE is configured for carrier aggregation, 
· Study further both “joint coding” and “separate coding” of the ACK/NACK information bits for PCell and those for SCell(s) in case of carrier aggregation assignment..
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