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1 Introduction
In the past several RAN1 meetings, some agreements have been made on PDSCH HARQ and PUSCH HARQ/scheduling timing for TDD inter-band CA with different UL-DL configurations. In RAN1#68bis, it was agreed that PDSCH HARQ timing on SCell shall follow a reference TDD UL-DL configuration. When the reference configuration on SCell is different from the SCell SIB1 configuration, A/N bit mapping and resource allocation with different bundling size (M) for PUCCH 1b with channel selection (CS) should be considered. In RAN1#69, a possible solution is proposed in [1]. However, it may cause performance loss due to the unnecessary bundling. In this contribution, we will further discuss this issue. 

2 Discussions
For A/N bit mapping of PUCCH format 1b with CS  on support of inter-band CA with different configurations, due to the time constraint left in Rel-11 and minor specification effort, we proposed to reuse the Rel-10 mapping tables for PUCCH 1b with CS, and no new mapping table is introduced. From the throughput point of view, unnecessary bundling operation should be avoided by keeping different M values for two cells. 

To meet these requirements, several modifications on A/N bit mapping are needed to support PUCCH format 1b with CS for CC-specific TDD inter-band CA. We only consider different (Mp, Ms), Mp≠Ms combinations for PCC and SCC. Three types of actions may be needed and are listed below. The specified action/actions needed for each (Mp, Ms), Mp≠Ms combination are shown in Table 1. 

Action 1 : in case Mp or Ms=1, and the other one Ms or Mp>1, spatial bundling is performed if there are two codewords for the corresponding PDSCH subframe on the CC where Mp or Ms=1, otherwise, keep A/N as 1 bit for one codeword. Then 1 NACK/DTX bit shall be appended to the end of the 1 ACK/NACK bit so that A/N of this CC forms a 2-bit state for further mapping with the other CC where Ms or Mp>1.  

Action 2 : in case Mp or Ms>2, timing bundling is performed based on the actual M value of the target CC, instead of  a unified M as used in Rel-10 for CCs. To minimize the specification effort, the timing bundling table used here is the same as that defined for Rel-10 (shown in the next section), therefore 3 or 4 A/N bits are also mapped to a 2-bit state. 
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ACK, ACK, ACK ACK, ACK

ACK, ACK, NACK/DTX NACK/DTX, ACK

ACK, NACK/DTX, any ACK, NACK/DTX

NACK/DTX, any, any  NACK/DTX, NACK/DTX


Table 1. Timing bundling for M=3 
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Mapped state

‘

D, any, any, any’ or no DL assignment is received. D, D

‘

A, D, D, D’ A, N

‘

A, A, N/D, any’ N, A

‘

A, A, A, N/D’ A, A

‘

A, A, A, A’ A, N

‘

N, any, any, any’ or ‘A, D/N, any, any except for A, D, D, D’ N, N


Table 2. Timing bundling for M=4

Action 3 : in case there is no A/N on PCC or SCC, indicated as Mp or Ms=0,  PUCCH format 1a/1b w/o CS is considered to transmit 1-4 A/N bits as used for one CC. 
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Table 3.  Modifications of PUCCH 1b with CS under different (Mp, Ms) combinations 

After performing the above actions needed for specific (Mp, Ms), Mp≠Ms combinations, we further consider reusing the proper mapping tables defined for Rel-10 for different cases without introducing any new mapping table.

Case A : for the combinations shown in the green cells in Table 1,  two 2-bit A/N states are obtained based on Action 1 and/or Action 2 for PCC and SCC, thus we could further perform the A/N bit mapping of PUCCH 1b with CS as M=2  for two CCs defined in Table 10.1.3.2-3 and 10.1.3.2-4 in [2] for Rel-10. 

Case B : in case (Mp, Ms)=(3,4) or (4,3), two CCs will perform different timing bundling for M=3, or M=4 based on different tables separately, and then the defined Table 10.1.3.2-5 in [2] for M=3 in Rel-10 is reused to avoid unnecessary bundling and keep enough valid states for good performance at the same time. 

Case C : in case there is no A/N bit transmission on one CC, to simplify the solution, the other CC’s A/N bits could be transmitted by PUCCH 1a/1b w/o CS as used for a single CC in Rel-10 in Section 10.1.3.1 in [2] . 
In case HARQ-ACK transmission is on PUSCH, the basic principle in Rel-10 design should also be reused as much as possible. For the special case where there is no A/N transmission on one CC, the same PUSCH transmission is performed as for one CC. Otherwise, if the UE is configured with PUCCH format 1b with CS and HARQ-ACK is transmitted on a PUSCH that is not adjusted based on an UL grant, UE shall generate A/N bits based on the above designed procedures, then the PUSCH mapping will follow PUCCH format 1b with CS design as used in Rel-10. 

If the PUSCH transmission is adjusted based on an UL grant with 
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 varied from 1 to 4, as presented in our companion paper [3], the number of DL subframes for which the UE needs to feedback HARQ-ACK bits for each CC should be updated by the corresponding rules for TDD configuration #{1, 2, 3, 4, 6} for either self-scheduling or cross-carrier scheduling cases. After obtaining the effective number of A/N bits for each CC, UE follows our proposed procedures for A/N mapping under different combinations, and then follows the procedure for PUCCH format 1b with CS on PUSCH with adjusted UL grant as in Rel-10.
3 Summary
In this contribution, we have discussed the A/N bit mapping for PUCCH format 1b with CS on support of TDD inter-band CA with different TDD configurations. We proposed to reuse Rel-10 design as much as possible, and avoid unnecessary bundling. A feasible solution was proposed, which could meet these requirements, and keep as many valid A/N states as possible for good performance in case different bundling window sizes are observed for CCs.
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