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1 Introduction

In the RAN1 #68bis meeting, the agreement for PDSCH HARQ timing for self-carrier scheduling and full duplex UEs was achieved [1], and the working assumption for reusing the scheme of full duplex UEs for the half duplex UEs was also achieved. In the case of cross-carrier scheduling, the PDSCH HARQ timing design for case B, where the UL subframes on the SCell are a subset of those on the PCell, is still open. 

In the RAN1 #69 meeting, some PDSCH feedback related issues were also discussed, such as codebook size determination for both PUCCH format 3 and PUCCH format 1b with channel selection, and mapping table selection, etc. Some agreements for PUCCH format 3 were achieved as following [2]: 
· For TDD inter-band carrier aggregation with different UL-DL configurations on different bands, a UE can be configured with PUCCH format 3 or PUCCH format 1b with channel selection for HARQ-ACK transmission. 

· At least for self-scheduling case, for a UE configured with PUCCH format 3 for HARQ-ACK transmission, the HARQ-ACK transmission shall follow the Rel-10 design except the following:

· The set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ∈K and K is determined according to the timing reference configuration of serving cell c

· For HARQ-ACK transmission in an UL subframe n and on PUCCH or on PUSCH not adjusted by an UL grant, Bc^{DL} = Mc where Mc is the number of elements in set Kc 

· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, Bc^{DL} = min(W_{DAI}^{UL}, Mc) if the timing reference configuration is #{1, 2, 3, 4, 6} 

· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, FFS for the value of Bc^{DL} if the TDD UL-DL configuration which the timing reference configuration is #5

· FFS if the timing reference configuration is #0, for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant

· Timing reference configuration is the TDD UL-DL configuration which the PDSCH HARQ timing on serving cell c follows. 

· FFS the treatment of format 3 for cross-carrier scheduling case

In this contribution, we discuss the remaining issues for PDSCH HARQ timing design and other issues on PDSCH HARQ-ACK transmission for both PUCCH format 3 and PUCCH format 1b with channel selection. 

2 PDSCH HARQ timing design
The PDSCH HARQ timing for self-carrier scheduling and cross-carrier scheduling is discussed in section 2.1 and section 2.2, respectively. 
2.1 PDSCH HARQ timing for self-carrier scheduling
For full-duplex UEs, it was already agreed to use the reference timing in Fig. 1 on PDSCH HARQ timing of the SCell for self-carrier scheduling. 
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Fig. 1. The configuration which the SCell follows for self-carrier scheduling

For half-duplex UEs, it is preferred to have a common solution with the case of full-duplex UEs in order to simplify the implementation. Therefore, we propose to confirm the working assumptions for half-duplex UEs in case of self-carrier scheduling to apply the same HARQ timing design as full duplex UE as shown in Fig. 1. 
Proposal 1: 
For half-duplex UEs, on PDSCH HARQ timing of the SCell in case of self-carrier scheduling, the same HARQ timing scheme is adopted as that for full-duplex UEs. 
2.2 PDSCH HARQ timing for cross-carrier scheduling
For case B, the following two options could be considered as candidate solutions for the HARQ timing design. The following analysis also considers the PUCCH implicit resource allocation issues and the working assumption that cross-subframe/multi-subframe scheduling is not introduced in Rel-11.
Option 1: The SCell’s PDSCH HARQ timing follows the self-scheduling timing. 
According to the working assumption of Rel-11, the SCell’s DL subframes that are colliding with the UL subframe in UL (#3 and #8 as shown in Figure 2) cannot be cross-carrier scheduled since the cross-subframe/multi-subframe scheduling is not supported in Rel-11. If cross-subframe/multi-subframe scheduling could be introduced in future release, with option 1, there is HARQ timing available for such DL subframes and DL transmission can be possible.
With option 1, there is no implicit PUCCH format 1b resource available for some DL subframes of the SCell. An example is shown in Fig. 2, where there is no implicit PUCCH resource reserved in subframe #2 and #7 on the PCell for PDSCH transmission in subframe #4 and #9 respectively on the SCell. One possible solution is that the HARQ-ACK resource corresponding to SCell is assigned via higher layer signaling, the same as for SCell HARQ-ACK resource assignment with self-scheduling. 
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Fig. 2. Option 1 for PDSCH HARQ timing of the SCell for cross-carrier scheduling
Option 2: The SCell follows the PCell’s PDSCH HARQ timing. 
For this option, DL subframes #3 and #8 on the SCell cannot be scheduled since those DL subframes on SCell do not have valid HARQ timing to feedback HARQ-ACK when DL subframes on the SCell follows the PCell’s HARQ timing. Even if cross-subframe /multi-subframe scheduling could be introduced in further release, those DL subframes on the conflict TTI still cannot be cross-carrier scheduled due to the same reason.

The implicit PUCCH resource allocation issue for option 1 could be solved in most combinations when two carriers are configured for a UE. As shown in Fig. 3, subframes #3 and #8 on the SCell are muted under the assumption of no cross-subframe/multi-subframe scheduling, so all the remaining DL subframes on the SCell can follow the PCell’s PDSCH HARQ timing. In this case, it can guarantee that the implicit PUCCH 1b resource always exists in the related UL subframe on the PCell. 
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Fig. 3. Option 2 for PDSCH HARQ timing for PCell-to-SCell cross-carrier scheduling
Furthermore, the HARQ timing design of option 2 is not aligned with the case B HARQ timing of self-carrier scheduling, which would complicate the implementation. 
We slightly prefer to adopt option 1 for case B to avoid any unnecessary scheduling restriction on the DL transmission, if cross-subframe/multi-subframe scheduling is introduced in the future releases. 
Proposal 2: 
On PDSCH HARQ timing of the SCell in case of cross-carrier scheduling, the SCell follows the SCell’s own PDSCH HARQ timing. 

3 PDSCH HARQ-ACK transmission
PDSCH HARQ-ACK transmission with the feedback modes of PUCCH format 3 and PUCCH format 1b with channel selection are discussed in section 3.1 and section 3.2, respectively. 

3.1 PUCCH format 3
According to the agreements from the RAN1 #69 meeting, the following three issues are remained.
Issue 1: For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL_grant, FFS for the value of 
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 if the TDD UL-DL configuration which the timing reference configuration is #5.

Issue 2: If the timing reference configuration is #0, for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL_grant, FFS for the value of 
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Issue 3: FFS the treatment for cross-carrier scheduling. 

For issue 1, it is straightforward to determine the value of 
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 based on the agreement of last meeting and the scheme in Rel-10 TDD CA [3]. 

For issue 2, the value of 
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, where 
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 is the value of bundling window size for serving cell c , since the UL_DAI does not exist in the UL_grant for UL-DL configuration 0. 

For issue 3, it is beneficial to use a common scheme for cross-carrier scheduling and self-carrier scheduling and we do not find any specific issues for cross-carrier scheduling. 
Proposal 3: 

For HARQ-ACK transmission based on PUCCH format 3, 

· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL_grant, the value of 
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 if the TDD UL-DL configuration which the timing reference configuration is #5. 

· If the timing reference configuration is #0, for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL_grant, the value of 
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· The common scheme can be adopted for cross-carrier scheduling and self-carrier scheduling.

3.2 PUCCH format 1b with channel selection
For PUCCH format 1b with channel selection, the same scheme of PUCCH format 3 can be used, that the set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ( K and K is determined according to the reference timing configuration. 
Proposal 4: 

For PUCCH format 1b with channel selection, the set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ( K and K is determined according to the reference timing configuration. 

HARQ-ACK transmission on PUCCH

For HARQ-ACK transmission on PUCCH, the current mapping table in the specification only refers to the same 
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value on different component carriers [3]. However, for inter-band TDD CA with different UL-DL configurations, the value of 
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 could be different for different component carriers. 
The following two possible methods could be considered to solve this issue:
· Alternative 1,

Each serving cell generates at most 2 bits, whether to perform Rel-10 mode b time domain bundling or spatial bundling depends on the bundling window size and the configured TM for each serving cell. The spatial bundling is performed, if the number of HARQ-ACK bits of one serving cell is larger than 2 bits. After the spatial bundling, if spatial bundled HARQ-ACK bits still larger than 2, then, the mode b time domain bundling should be performed to generated 2 bits. Then, the generated bits can be transmitted according to Rel-10 channel selection mapping table.  
· Alternative 2,  

The UE adds some known DTX/NAK/ACK bit(s) to make all serving cells' number of HARQ-ACK equal to M =max{Mp, Ms}, where Mp is the number of elements in set Kc for the PCell, and Ms is the number of element in set Kc for the SCell. 
For alternative 1, a mode b bundling table which is same as Rel-10 scheme need to be introduced in the specification. It will not introduce any additional HARQ-ACK bundling as alternative 2 does, and thus provides better performance.
For alternative 2, the Rel-10 mapping tables for channel selection can be reused, but the performance may be degraded due to the possible additional mode b bundling. Considering this alternative would simplify the specification effort and the timeframe of Rel-11, we slightly prefer Alternative 2.
Proposal 5: 

For HARQ-ACK transmission with PUCCH format 1b with channel selection, the UE shall use Rel-10 mapping table with maximum 
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 of the serving cells. The UE shall add known DTX/NAK/ACK bits to ensure the number of HARQ-ACK for serving ell c equals to M. 

HARQ-ACK transmission on PUSCH

Case1: HARQ-ACK transmission on PUSCH which is not adjusted based on UL_grant(s).

If both PCell and SCell’s 
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 is equal to 1 or 2, the number of HARQ-ACK feedback bits for serving cell c is equal to 
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, the Rel-10 scheme can be used to determine the HARQ-ACK feedback bits. 
If 
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of any serving cell c is equal to 3 or 4, the mode B bundling scheme should be performed for HARQ-ACK transmission. Therefore, the similar issue as HARQ-ACK transmission on PUCCH occurs, while the value of 
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could be different between component carriers.  Both alternative 1 and 2 can be used to resolve the issue on PUSCH. 

We slightly prefer to use the same alternative 2 as HARQ-ACK transmission on PUCCH. The number of HARQ-ACK feedback bits is determined by the 
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 value of serving cells, M = max{Mp, Ms}, where Mp is the number of elements in set Kc for primary cell and Ms is the number of elements in set Kc for secondary cell. UE adds known DTX/NAK/ACK bit(s) to make the number of HARQ-ACK bit equal to M for the serving cells with smaller 
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value. 
Proposal 6: 

For HARQ-ACK on PUSCH which is not adjusted based on UL_grant(s), 

· If both PCell and SCell’s 
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 is equal to 1 or 2, the number of HARQ-ACK feedback bits for serving cell c is equal to 
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, the Rel-10 scheme can be used to determine the HARQ-ACK feedback bits.
· If 
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 of any serving cell is equal to 3 or 4, the number of HARQ-ACK feedback bits for serving cell c is equal to maximum 
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 of serving cells. The UE shall add known DTX/NAK/ACK bits to ensure the number of HARQ-ACK for serving cell c equals to M.
Case2: HARQ-ACK transmission on PUSCH which is adjusted based on UL_grant(s).

Similar as HARQ-ACK transmission on PUCCH format 3, the number of HARQ-ACK feedback bits can be determined by
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, which can be indicated by
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If both PCell and SCell’s 
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= 1 or 2, the number of HARQ-ACK feedback bits for serving cell c is equal to
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, the Rel-10 scheme can be used to determine the HARQ-ACK feedback bits. 

If 
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of any serving cell is equal to 3 or 4, the alternative 2 can be used to handle the issues, which is caused by the different value of 
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on the different serving cell.
Proposal 7: 

For HARQ-ACK on PUSCH which is adjusted based on UL_grant(s), 

· If both PCell and SCell’s 
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, the Rel-10 scheme can be used to determine the HARQ-ACK feedback bits. 
· If 
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 of serving cells. The UE shall add known DTX/NAK/ACK bits to ensure the number of HARQ-ACK for serving cell c equals to the maximum 
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4 Conclusion
In this contribution, the remaining issues for PDSCH HARQ timing of the SCell and HARQ-ACK transmission based on both feedback modes of PUCCH format 3 and PUCCH format 1b with channel selection are discussed. It is proposed that:

Proposal 1: 

For half-duplex UEs, on PDSCH HARQ timing of the SCell in case of self-carrier scheduling, the same HARQ timing scheme is adopted as that for full-duplex UEs. 

Proposal 2: 

On PDSCH HARQ timing of the SCell in case of cross-carrier scheduling, the SCell follows the SCell’s own PDSCH HARQ timing. 

Proposal 3: 

For HARQ-ACK transmission based on PUCCH format 3, 

· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL_grant, the value of 
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 if the TDD UL-DL configuration which the timing reference configuration is #5. 

· If the timing reference configuration is #0, for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL_grant, the value of Bc^{DL} is 
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· The common scheme can be adopted for cross-carrier scheduling and self-carrier scheduling.

For HARQ-ACK transmission based on PUCCH format 1b with channel selection, we have the following proposals.
Proposal 4: 

For PUCCH format 1b with channel selection, the set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ( K and K is determined according to the reference timing configuration. 

Proposal 5: 

For HARQ-ACK transmission with PUCCH format 1b with channel selection, the UE shall use Rel-10 mapping table with maximum 
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 of serving cells. The UE shall add known DTX/NAK/ACK bits to ensure the number of HARQ-ACK for serving ell c equals to M. 

Proposal 6: 

For HARQ-ACK on PUSCH which is not adjusted based on UL_grant(s), 

· If both PCell and SCell’s 
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 is equal to 1 or 2, the number of HARQ-ACK feedback bits for serving cell c is equal to 
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, the Rel-10 scheme can be used to determine the HARQ-ACK feedback bits.

· If 
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 of any serving cell is equal to 3 or 4, the number of HARQ-ACK feedback bits for serving cell c is equal to maximum 
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 of serving cells. The UE shall add known DTX/NAK/ACK bits to ensure the number of HARQ-ACK for serving cell c equals to M.
Proposal 7: 

For HARQ-ACK on PUSCH which is adjusted based on UL_grant(s), 

· If both PCell and SCell’s 
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, the Rel-10 scheme can be used to determine the HARQ-ACK feedback bits. 

· If 
[image: image53.wmf]DL

c

B

 of any serving cell is equal to 3 or 4, where
[image: image54.wmf](

)

min,

DLUL

cDAIc

BWM

=

, the number of HARQ-ACK feedback bits for serving cell c is equal to maximum 
[image: image55.wmf]DL

c

B

 of serving cells. The UE shall add known DTX/NAK/ACK bits to ensure the number of HARQ-ACK for serving cell c equals to the maximum 
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