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1. Introduction
In RAN1#70 meeting, we discussed about details of HARQ-ACK transmission for either PUCCH or PUSCH in inter-band CA TDD with different TDD configurations as following [1]:
	Agreement:

· For a UE configured with PUCCH format 1b with channel selection for HARQ-ACK transmission and self-carrier scheduling, the HARQ-ACK transmission shall follow the Rel-10 design except the following: 

· Applicable if none of the PDSCH timing reference configurations of aggregated serving cells is configuration #5;

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

· For HARQ-ACK transmission on PUCCH (at least for the case when all Mp, Ms are positive)

· The UE shall use the Rel-10 mapping table with M = max{Mp, Ms}, where Mp is the number of elements in set Kc for the primary cell and Ms is the number of elements in set Kc for the secondary cell.

· The UE shall set DTX for {HARQ-ACK(min{Mp, Ms}), …, HARQ-ACK(M-1)} for the serving cell with the smaller Mc value

· FFS for the case when any of the (Mp, Ms) is zero

· FFS for the handling of overlapping states

· For HARQ-ACK transmission on PUSCH without W_{DAI}^{UL}, the UE shall generate the HARQ-ACK bits according to the above PUCCH design;

· For HARQ-ACK transmission on PUSCH with W_{DAI}^{UL} = 1 or 2, the UE shall generate the HARQ-ACK bits  as if PUCCH format 3 is configured for HARQ-ACK transmission for inter-band TDD CA, except that spatial bundling is performed for all serving cells configured with a DL MIMO transmission mode in case W_{DAI}^{UL} = 2;
· For HARQ-ACK transmission on PUSCH with W_{DAI}^{UL} = 3 or 4, the UE shall generate the HARQ-ACK bits according to RM code input bits defined in the Rel-10 mapping table with M = W_{DAI}^{UL}.

Working assumption:

· Applicable for cases B, C and D

· Follow P-Cell timing for PDSCH, regardless of the number of aggregated CCs

· Follow scheduled cell timing for PUSCH,

· In a subframe where an UL grant is not detected,

· UE is not expected to decode PHICH in a subframe where PHICH is not available

· UE will deliver an “ACK” from PHY to MAC layer in that subframe

· FFS if there are other issues relating to UE behavior


With above conclusions on channel selection on either PUCCH or PUSCH for a UE configured with inter-band CA TDD, there are still some remaining issues to be discussed in next meeting as per FFS especially for a UE configured PUCCH format 1b with channel selection. In order to finalize all the remaining issues about HARQ-ACK transmission for channel selection in inter-band CA TDD, we would like to provide our view and proposals in this contribution.
2. Remaining details for PUCCH format 1b with channel selection
2.1. Cross-carrier scheduling
Up to now, we have tried to finalize the issues focusing on self-scheduling for both PUCCH format 3 and channel selection. Regarding cross-carrier scheduling as remaining issue, we firstly needs to discuss what definition on bundling window size have to be selected for proper HARQ-ACK transmission. 
In case of self-scheduling for a UE configured with channel selection, we agreed 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 TDD UL-DL configuration which the PDSCH HARQ timing on serving cell c follows

Above definition about bundling window size for self-scheduling could be applied in order to make a common definition for both self scheduling and cross-carrier scheduling given that current working assumption (i.e. PCell timing) is confirmed for PDSCH HARQ timing on SCell in case of cross-carrier scheduling. 
Proposal 1. Common definition about bundling window size for UE configured with channel selection shall be supported for both self-scheduling and cross-carrier scheduling.
2.2. Issue on handling a serving cell with zero bundling window size
In RAN1#70, we have agreed that the channel selection mapping table (M) is selected from a serving cell having larger bundling window size than the other serving cell at least for both PCell and SCell with positive bundling window size. As a remaining issue, the case where either PCell or SCell has a zero bundling window size has to be concluded for the channel selection in inter-band CA with different TDD configuration.
The following cases are the combinations having zero bundling window size on either PCell or SCell to be addressed in this section where those are composed of combinations 0:1, 1:0, 2:0, 0:2 and 0:4 for PCell and SCell, respectively. Considering all the possible combinations of TDD UL-DL configurations for performing the channel selection in case of self-scheduling, there are total 77 combinations having different bundling window size on PCell and SCell among all UL subframes on PCell within a radio frame [5]. In table 1, it is shown that the number of combinations with zero bundling window size on either PCell or SCell for channel selection is 39 cases. Among 39 cases having zero bundling window size on either PCell or SCell in table 1 (yellow part), 1:0, 0:1 and 2:0 (PCell:SCell) combinations form a large majority and those do not thus require additional time domain bundling in conjunction with current agreement with applying larger bundling window size among all serving cells for channel selection. In addition to self-scheduling case, the similar tendency in cross-carrier scheduling is shown for zero bundling window cases in table 2 (yellow part) where there are only 5 and 3 cases for 1:0 (PCell:SCell) and 2:0(PCell:SCell), respectively, if the same definition about bundling window size as self-scheduling is assumed as seen in section 2.1 and PCell SIB1 configuration is applied for PDSCH reference timing on SCell in case of cross-carrier scheduling.
Table 1. The number of combinations with different bundling window size for channel selection in self-scheduling
	# of the combinations with non-zero bundling window size
	38

	# of the combinations for a serving cell with zero bundling window size
	1:0 (PCell: SCell)
	27

	
	0:1 (PCell: SCell)
	4

	
	2:0 (PCell: SCell)
	6

	
	0:2 (PCell: SCell)
	1

	
	0:4 (PCell: SCell)
	1

	Total combinations with different bundling window size
	
	77


Table 2. The number of combinations with different bundling window size for channel selection in cross-carrier scheduling

	# of the combinations with non-zero bundling window size
	21

	# of the combinations for a serving cell with zero bundling window size
	1:0 (PCell: SCell)
	5

	
	0:1 (PCell: SCell)
	0

	
	2:0 (PCell: SCell)
	3

	
	0:2 (PCell: SCell)
	0

	
	0:4 (PCell: SCell)
	0

	Total combinations with different bundling window size
	
	29


With the above analysis, we do not see the necessity of additional handling method for zero-bundling window size on top of the agreed method applying larger bundling window size among serving cells for channel selection, since requiring additional time domain bundling are only two cases in self-scheduling and nothing even in cross-carrier scheduling. Therefore, it is very desirable that additional handling for the specific combinations including zero-bundling window size on either PCell or SCell is not introduced in inter-band CA TDD with different TDD configurations and thus common solution will be adopted for all the cases. 
Proposal 2. For a serving cell with zero bundling window size, it is desired that additional handling for the specific combinations including zero-bundling window size on either PCell or SCell is not introduced in inter-band CA TDD with different TDD configurations. 
2.3. Overlapping state
Regarding overlapping state, it already exists that there are several overlapping states of HARQ-ACK in a time domain bundling table in Rel-10 as table 1 and 2. From the current agreement for channel selection in RAN1#70, it is shown that applying larger bundling window size among serving cells for performing channel selection will clearly result in the DL performance loss due to additional time domain bundling. Now, we need to confirm whether or not additional modification on top of current agreement is necessary for improving DL performance taking into account the amount of performance increase and additional standard efforts for completing Rel-11.
In [2], it was shown that there might be few cases in which the combinations of two servings including 4:2, 4:3 and 3:2 can be possible to achieve the DL performance increase, since the overlapping states of Rel-10 time domain bundling table especially from yellow in table 1 and 2 can be distinguished by modification of HARQ-ACK state mapping with knowledge of different bundling window size. For example in case of a combination with DL bundling window size as 3:2, the HARQ-ACK state of a serving cell having two bundling window size can be (NACK/DTX, any, DTX) as a part of yellow in table 1 considering DTX mapping in the last subframe according to the agreement in RAN1#70. In this case, in (NACK/DTX, any, DTX) of table 1, the HARQ-ACK state (NACK/DTX, ACK, DTX) can be distinguished by changing the mapping from (NACK/DTX, NACK/DTX) to (ACK, ACK) when a UE receive a (NACK/DTX, ACK, DTX) on a serving cell with two DL subframes (smaller bundling window size). With similar principle, remaining 4:2 and 4:3 combinations with different bundling window size can be also adopted for overlapping states in time domain bundling table with M=4.
Table 1: HARQ-ACK state mapping for M = 3 case
	HARQ(0), HARQ(1), HARQ(2)
	Mapped State

	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 2: HARQ-ACK state mapping for M = 4 case
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	Mapped state

	‘DTX, any, any, any’ or no DL assignment is received.
	DTX, DTX

	ACK, DTX, DTX, DTX
	ACK, NACK

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

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

	ACK, ACK, ACK, ACK
	ACK, NACK

	‘NACK, any, any, any’ or ‘ACK, DTX/NACK, any, any except for ‘ACK, DTX, DTX, DTX’
	NACK, NACK


However, we are not currently clear how much DL performance gain could be achieved with this modification since the cases being capable of applying the modified HARQ-ACK state mapping might be less, and thus, DL performance gain might be a negligible quantity. Also, it will require additional implementation for both eNB and UE with different HARQ-ACK state mapping compared to Rel-10 only for a few combinations (e.g. 3:2(2:3)) even if it might be small modification. 
Proposal 3. It is slightly preferred to apply the modified HARQ-ACK mapping state different from Rel-10 for avoiding some overlapping HARQ-ACK states in inter-band CA with different bundling window size.
3. Conclusion
We provide remaining details on channel selection for inter-band CA TDD with different TDD configuration. As a conclusion, we propose the followings:
Proposal 1. Common definition about bundling window size for UE configured with channel selection shall be supported for both self-scheduling and cross-carrier scheduling.
Proposal 2. For a serving cell with zero bundling window size, it is desired that additional handling for the specific combinations including zero-bundling window size on either PCell or SCell is not introduced in inter-band CA TDD with different TDD configurations. 
Proposal 3. It is slightly preferred to apply the modified HARQ-ACK mapping state different from Rel-10 for avoiding some overlapping HARQ-ACK states in inter-band CA with different bundling window size.
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