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1. Introduction
In RAN1#69 meeting, the details of HARQ-ACK transmission has been discussed for different TDD configuration on inter-band CA mainly for a UE configured with PUCCH format 3 [1]-[5]. As a conclusion, RAN1 agreed that most of designs from the Rel-10 shall be followed and some aspects of HARQ-ACK transmission would be modified to align with the different TDD configuration. The followings are the conclusions in the previous meeting for this issue:
For PUCCH format 3,

· 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 
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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
For PUCCH format 1b with channel selection,

· Observation:

· Several companies are concerned with possible performance loss of the max bundling window approach.

· There could be cases of combination where there is no A/N in one of the cells

· If the treatment can be common or separate for self-scheduling and cross-carrier scheduling
Based on above observations and conclusions for both PUCCH format 3 and PUCCH format 1b with channel selection, the remaining details should be concluded and thus in this contribution, it will take into account the remaining details for the conclusion on Rel-11 specification.

2. For PUCCH format 3
· For self-scheduling case, for a UE configured with PF3 for HARQ-ACK transmission, the remaining FFS parts are followings:
I. FFS for the value of Bc^{DL} for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant if the timing reference configuration is #5.
In Rel-10, for TDD UL-DL configurations 5 and a PUSCH transmission adjusted based on a detected PDCCH with DCI format 0/4, the UE shall assume 
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denotes the maximum value of 
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 among all the configured serving cells, 
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 is the total number of received PDSCHs and PDCCH indicating downlink SPS release in subframe(s) 
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. Since all the configured serving cells is assumed as having a same TDD UL-DL configuration in Rel-10, above approach can be reliably performed for TDD UL-DL configuration 5. However, in case of inter-band CA with different TDD configuration, current Rel-10 approach for TDD UL-DL configuration 5 can not be applied for the HARQ-ACK transmission in inter-band CA TDD directly due to the different bundling window size. In order to resolve this issue, we would like to propose the very simple way to decide the value of Bc^{DL} for the c-th serving cell with timing reference configuration #5 by slight modification compared to Rel-10 CA TDD. 
Proposal 1. For the c-th serving cell with timing reference configuration #5, if 
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II. FFS if the timing reference configuration is #0 for HARQ-ACK transmission on PUSCH adjusted by an UL grant.

There are several TDD UL-DL configuration combinations with timing reference configuration #0 for the inter-band CA TDD (e.g. (0, 1), (0, 2), (0, 3), (0, 4), (0, 5), (0, 6) in PCell and SCell, respectively). The all of the combinations with timing reference configuration #0 are only related to the cases where PCell is configured with TDD UL/DL configuration #0, since there are no SCells with timing reference configuration #0 according to current agreed PDSCH HARQ-ACK timing in case of self-scheduling. In these cases, if the Rel-10 method of HARQ-ACK transmission on PUSCH for TDD UL-DL configuration is just reused such as (0, 1) for PCell and SCell, respectively, there will be a problem to decide how many HARQ-ACK bits is transmitted for SCell with timing reference configuration #1 due to no DAI value in UL grant on TDD UL-DL configuration #0. In other words, if the UL grant for PUSCH in a UL subframe is transmitted in a serving cell with timing reference configuration #0, the value of Bc^{DL} for SCell with timing configuration 1 as a example can not be derived because of no DAI value in UL-grant for PUSCH transmission. Therefore, for handling this issue, we propose that the DAI value in UL grant on a serving cell with timing reference configuration #0 for inter-band CA TDD with difference TDD configuration is enabling to decide the number of HARQ-ACK bits for all the serving cells with different timing reference configuration. 
Proposal 2. For the serving cell c with timing reference configuration #0 in case of inter-band CA TDD, enabling DAI field in UL grant should be supported to decide the number of HARQ-ACK bits on PUSCH adjusted by UL grant.
· For cross-carrier scheduling case, for a UE configured with PF3 for HARQ-ACK transmission,

For cross-carrier scheduling case, there is one additional consideration point unlike self-scheduling case where depending on TDD UL-DL configurations configured for the serving cells, there will be some DL subframes on scheduled cell not being able to be scheduled due to UL subframe on scheduling cell which is related to the cross-subframe scheduling for these DL subframe on scheduled cell in Rel-11. With this consideration, for HARQ-ACK transmission in an UL subframe n and on PUCCH or on PUSCH not adjusted by an UL grant, there could be two alternatives to decide the value of Bc^{DL} in cross-carrier scheduling for a UE configured with PF3 for HARQ-ACK transmission as below.
Alt 1. Bc^{DL} = Mc where Mc is the number of elements in set Kc (as self-scheduling)
Alt 2. Bc^{DL} = Mc - Nc where Mc is the number of elements in set Kc and Nc is the number of DL subframe in set Kc which can not be scheduled by cross-carrier scheduling
Among above two alternatives, alt 1 is same as that of self-scheduling, and it can thus provide the same design for both scheduling methods while it can cause the unnecessary HARQ-ACK reporting which will increase the UL overhead due to no cross-subframe scheduling in Rel-11. On the other hand, regarding alt 2, it seems to be optimized compared to alt 1 because the number of DL subframes which can not actually be scheduled for PDSCH on a scheduled cell is precluded for calculation of the number of HARQ-ACK bits when corresponding HARQ-ACK reporting is transmitted on PUCCH or PUSCH not adjusted by UL grant. It is desirable to us that the alt 2 should be supported for avoiding unnecessary HARQ-ACK reporting on PUCCH or PUSCH not adjusted by UL grant.
Proposal 3. If HARQ-ACK reporting is transmitted on PUCCH or PUSCH not adjusted by UL grant, the value of Bc^{DL} = Mc - Nc where Mc is the number of elements in set Kc and Nc is the number of DL subframe in set Kc which can not be scheduled by cross-carrier scheduling.
The remaining cases for cross-carrier scheduling are followings:
I. For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, if the timing reference configuration is #{1, 2, 3, 4, 6} 

II. For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, if the timing reference configuration is #5

III. For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant if the timing reference configuration is #0, 
In above remaining cases, it seems to us that HARQ-ACK reporting on PUSCH in inter-band CA TDD could be solved by reusing same solutions proposed in self-scheduling for cross-carrier scheduling, and thus it can naturally provide same design method to be implemented much simply. Accordingly, we propose the same solutions proposed in this contribution and already agreed methods for self scheduling in RAN1#69 should be supported to provide the solutions which is how to report the HARQ-ACK bits on PUSCH adjusted by an UL grant for cross-carrier scheduling.
Proposal 4. Except the case where the HARQ-ACK reporting is transmitted on PUCCH or PUSCH not adjusted by UL grant,, the same approach as self-scheduling for the remaining cases in cross-carrier scheduling should be applied for HARQ-ACK reporting on PUSCH adjusted by an UL grant in a UE configured with PUCCH format 3.
3. For PUCCH format 1b with channel selection
3.1. HARQ-ACK transmission on PUCCH
When an inter-band TDD UE with different TDD configurations is configured to PUCCH format 1b with channel selection, an issue with necessity to be resolved is how to select the channel selection mapping table and when time domain bundling is applied for each serving cell among two serving cells. In previous meeting, one proposal is to use the maximum bundling window size among two serving cells on which the different bundling window size is configured [5]. However, several companies concerned with possible performance loss of the max bundling window approach. We also see that the max bundling window approach is not optimized for the performance point of view, while it will lead to simple design as reusing the Rel-10 principle as much as possible. In our view, it seems be desirable that the optimized solution other than the max bundling approach is applied for HARQ-ACK transmission on PUCCH in a UE configured with PUCCH format 1b with channel selection for inter-band CA TDD. 
Regarding the combinations of different bundling windows, there will be several possible combinations according to the agreed PDSCH HARQ timings for both PCell and SCell even though the timing reference configuration for SCell is not fully decided in case of cross-carrier scheduling yet. In table 1, it shows the possible combinations of different bundling window size with Mp and Ms which are the number of DL subframes corresponding to a UL subframe in either PCell or SCell, respectively and naturally, the UL subframes within bundling window are excluded in each bundling window size especially for Ms. As seen table 1, there would be 15 combinations with different bundling window size on PCell and SCell where among all the combinations, the combinations with same bundling window size or timing reference configuration #5 on either PCell or SCell are excluded due to no necessity of additional handling for the PUCCH format 1b with channel selection in inter-band CA TDD with different TDD configuration. From now, we will separately discuss the method on how to transmit the HARQ-ACK bits for the combinations with different bundling window size for PCell and SCell depending on whether there are the combinations with zero bundling window size in either PCell or SCell (e.g. the combinations with 0:1, 1:0, 2:0, 0:2 or 0:4 for PCell and SCell in table 1, respectively). Thus, among 15 combinations, the first set is comprised of 1:2, 1:3, 1:4, 2:1, 2:3, 2:4, 3:4, 4:1, 4:2 and 4:3 for PCell and SCell, respectively, and remaining combinations can be included into second set, in which there is no the number of DL subframe corresponding to one UL subframe on either PCell or SCell according to timing reference configuration.
Table 1. Possible combinations of different bundling window size according to timing reference configuration for each serving cell
	
	Bundling window size Ms for SCell

	Bundling window size Mp for PCell
	
	0
	1
	2
	3
	4

	
	0
	
	O
	O
	x
	O

	
	1
	O
	
	O
	O
	O

	
	2
	O
	O
	
	O
	O

	
	3
	x
	x
	x
	
	O

	
	4
	x
	O
	O
	O
	


I. For the combinations in first set (1:2, 1:3, 1:4, 2:1, 2:3, 2:4, 3:4, 4:1, 4:2 and 4:3 for PCell and SCell, respectively)
For these combinations, we think it is very natural to separately use the Table 10.1.3.2-3 in TS 36.213 and the time domain bundling table with M=3 and 4, which were already agreed to support the time-domain bundling for  PUCCH format 1b with channel selection (
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) in Rel-10, for each serving cell in Rel-11 inter-band CA TDD. For example, in figure 1, it shows the case where the different ratio of number of DL subframes corresponding one UL subframe for PCell and SCell is configured by 1:3, respectively, and the HARQ-ACK bits will be independently generated per each serving cell for a UE configured with PUCCH format 1b with channel selection. After that, with the channel selection mapping tables in TS 36.213, all the cases in the first set will be automatically solved in Rel-11 inter-band CA TDD by proposed manner. 

Table 2. Time domain bundling table with M=3
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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 3. Time domain bundling table with M=4
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D, any, any, any’ or no DL assignment is received. D, D

‘

A, D, D, D’ A, N
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A, A, N/D, any’ N, A
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A, A, A, N/D’ A, A
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A, A, A, A’ A, N
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Figure 1. Example of handling for PCell and SCell with different bundling window size (1:3)
As a different example, the case with 
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 (e.g. 1:2 case in first set) can be also resolved by the methods as figure 2 and 3 using spatial bundling and channel selection mapping table A=3 or 4 depending on MIMO transmission mode of each serving cell. In order to support this approach, new mapping of transport block and serving cell to HARQ-ACK(j) will be required as table 4. Especially for a case 2-a in figure 3, it seems not to follow the Rel-10 principle in which if the number of HARQ-ACK bits is more than 4 in CA TDD, then spatial bundling is performed for all configured cells, while it could provide slight better DL performance compared to case 1-c in figure 2.
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Figure 2. Different bundling window size Mp=1, Ms=2 using channel selection mapping table A=3
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Figure 3. Different bundling window size Mp=1, Ms=2 using channel selection mapping table A=4
Table 4. Mapping of Transport Block and Serving Cell to HARQ-ACK(j) for PUCCH format 1b HARQ-ACK channel selection in different TDD configurations (Mp:Ms=1:2 Case)
	A
	HARQ-ACK(j)

	
	HARQ-ACK(0)
	HARQ-ACK(1)
	HARQ-ACK(2)
	HARQ-ACK(3)

	3
	First subframe of serving cell #1 
	Second subframe of serving cell #1
	First subframe of serving cell #2
	NA

	4
	First subframe of serving cell #1
	Second subframe of serving cell #1
	TB1 of serving cell#2
	TB2 of serving cell#2


II. For the combinations in second set (0:1, 1:0, 2:0, 0:2 and 0:4 for PCell and SCell, respectively)
Different from the combinations with different bundling window size in first set, the combinations in second set has no DL subframe (i.e. zero bundling window size) corresponding to one UL subframe on either PCell or SCell. In RAN1#69, it was already pointed out by the company together with necessity of additional handling for further optimization of performance as seen in section 1. So, we would like to provide our view for solutions on this issue.
· Mp=0 : Ms=1
In this case, there is no a HARQ-ACK on PCell due to zero bundling window size, while SCell has one DL subframe according to timing reference configuration. So, it is natural to always predefine to a DTX as HARQ-ACK state for PCell. Thus, the HARQ-ACK transmission for SCell in this case can rely on the PUCCH 1a/1b depending on configuration of MIMO transmission mode for SCell.

· Mp=1 : Ms=0

There is no a HARQ-ACK on SCell while PCell has one DL subframe according to timing reference configuration as counter case of above one. This case can be also resolved by PUCCH 1a/1b for HARQ-ACK transmission for PCell.
· Mp=2 : Ms=0

With setting to DTX for SCell by predefined manner, the HARQ-ACK bits (i.e. HARQ-ACK(0~1) for non-MIMO TM or HARQ-ACK(0~3) for MIMO TM) from PDSCH transmissions in two DL subframes on PCell can be transmitted by using the channel selection mapping table with A=2 or 4 and slight modified mapping of transport block to HARQ-ACK(j). Thus, in this case, since it does not require a necessity of any bundling methods (e.g. spatial bundling or time domain bundling) for the HARQ-ACK transmission, it will provide better DL performance for inter-band CA TDD.
· (Mp=0 : Ms=2) or (Mp=0 : Ms=4)
With setting to DTX for PCell by predefined manner, the HARQ-ACK bits for SCell can be up to four bits depending on MIMO transmission mode, while it will require additional PUCCH resources to employ the channel selection with A=4 for SCell and thus, cause the PUCCH resource overhead which is not preferred in system design point of view. Accordingly, with spatial bundling in each subframe on SCell (if MIMO TM is configured), the methods either PUCCH format 1b or PUCCH format 1b with channel selection with A=2 would be reasonable for inter-band CA TDD in this case. Moreover, in combination of Mp=0 to Ms=4, the time-domain bundling as table 3 will be additionally considered for reducing the HARQ-ACK bits to be transmitted by PUCCH format 1b or PUCCH format 1b with channel selection as well.
Proposal 5. For a UE configured with PUCCH format 1b with channel selection and two serving cells with different bundling window size, the proposed methods regarding PUCCH transmission should be supported to obtain better performance gain compared to max bundling size approach in inter-band CA TDD.

3.2. HARQ-ACK transmission on PUSCH
As in Rel-10, when a PUSCH is transmitted by a UE, a HARQ-ACK reporting is also performed on PUSCH by the UE configured with PUCCH format 1b with channel selection. In this case, the UE can be under several different cases depending on an existence of UL grant for PUSCH and a value of DAI in UL grant WDAI. For an each case, we would like to propose the following UE behaviours as below.

· For a UE configured with PUCCH format 1b with channel selection for HARQ-ACK transmission,
· Case 1. PUSCH is not adjusted by UL grant

·    Just follow PUCCH design principle (i.e. Rel-10)
·    PUSCH design follow the PUCCH design as Rel-10

· Case 2. PUSCH is based on UL grant and WDAI=1 or 2

·    UE follow the procedure on PUCCH format 3 agreed in RAN1#69 with UL grant.

·    PUSCH design follows the PUCCH design as Rel-10.

· Case 3. PUSCH is based on UL grant and WDAI=3 or 4

·    This follows the same design principle as in Rel-10 design. Similar to the PUCCH format 3 design the UE only generate min(WDAI, Mc) number of HARQ-ACK bits per CC.
Based on above proposals, all the cases where UE is configured with PUCCH format 1b with channel selection for HARQ-ACK reporting would be solved by current approaches in our point of view. It would lead to LTE system to be simple by reusing current agreed principle as much as possible.

Proposal 6. For all above cases, the Rel-10 principle should be applied for HARQ-ACK transmission on PUSCH when UE is configured by PUCCH format 1b with channel selection.
4. Conclusion
This contribution provides our views on HARQ-ACK transmission methods for inter-band CA with different TDD configuration. For the conclusions, our proposals are followings:
· Proposal 1. For the c-th serving cell with timing reference configuration #5, if 
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· Proposal 2. For the serving cell c with timing reference configuration #0 in case of inter-band CA TDD, enabling DAI field in UL grant should be supported to decide the number of HARQ-ACK bits on PUSCH adjusted by UL grant.
· Proposal 3. If HARQ-ACK reporting is transmitted on PUCCH or PUSCH not adjusted by UL grant, the value of Bc^{DL} = Mc - Nc where Mc is the number of elements in set Kc and Nc is the number of cross-subframe scheduled DL subframes in set Kc.
· Proposal 4. Except the case where the HARQ-ACK reporting is transmitted on PUCCH or PUSCH not adjusted by UL grant,, the same approach as self-scheduling for the remaining cases in cross-carrier scheduling should be applied for HARQ-ACK reporting on PUSCH adjusted by an UL grant in a UE configured with PUCCH format 3.
· Proposal 5. For a UE configured with PUCCH format 1b with channel selection and two serving cells with different bundling window size, the proposed methods regarding PUCCH transmission should be supported to obtain better performance gain compared to max bundling size approach in inter-band CA TDD.
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