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1. Introduction

In RAN1#69 meeting, following conclusions were achieved on ACK/NACK transmission for TDD CA with different UL-DL configurations, based on online discussion [1][2]. 

	Conclusion:

· 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
*****************************************************************************************************************
· For a UE configured with PUCCH format 1b with channel selection 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 reference timing configuration

· For HARQ-ACK transmission on PUCCH

· 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 HARQ-ACK transmission on PUSCH

· 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


In this contribution, based on the conclusions above, we discuss and suggest more details on ACK/NACK transmission with both PUCCH format 3 and channel selection to support CA with different TDD UL-DL configurations. 
2. ACK/NACK configured with PUCCH format 3
Regarding the conclusions made for ACK/NACK configured PUCCH format 3 above, first of all, some clarification seems to be required on following two parts. 
· 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} 

Under CA with different TDD UL-DL configurations, unlike in Rel-10 CA, two kinds of PUSCH can coexist for aggregated cells in a UE: PUSCH adjusted by UL grant containing UL DAI value, and PUSCH adjusted by UL grant not containing UL DAI value. Similarly, two kinds of DL grant can also coexist for aggregated cells with different TDD UL-DL configurations in a UE: DL grant containing DL DAI value, and DL grant not containing DL DAI value. Thus, to determine ACK/NACK payload size according to presence of UL/DL DAI value, two parts above should be modified as below. 
Proposal 1:
· For HARQ-ACK transmission in an UL subframe n and on PUCCH or on PUSCH not adjusted by an UL grant containing UL DAI value or if signaling of DL DAI value is not applied, 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 containing UL DAI value, Bc^{DL} = min(W_{DAI}^{UL}, Mc) if the timing reference configuration is #{1, 2, 3, 4, 6} and signaling of DL DAI value is applied.
In addition, we discuss on two FFS points related to ACK/NACK configured with PUCCH format 3 raised in RAN1#69 as the followings.
(1) FFS point #1: for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, the value of Bc^{DL} if the timing reference configuration is #5
Related to this FFS point #1, in case of ACK/NACK piggyback on PUSCH adjusted by an UL grant (with UL DAI) for TDD UL-DL configuration #5 in Rel-10, ACK/NACK payload size (i.e. the value of Bc^{DL}) is determined as below according to the current 36.213 specification. 
· 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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Regarding the FFS point #1 based on this Rel-10 approach, it would be natural that the value of Bc^{DL} for the cell whose ACK/NACK timing reference is UL-DL configuration #5 is determined as 
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 among all the cells whose timing reference configuration is #5. Aligning with the expressions used in the conclusions in RAN1#69 above, relevant sentence can be made as below.
Proposal 2:
· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant containing UL DAI value, 
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 if the timing reference configuration is #5 and signaling of DL DAI value is applied, where 
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 among all the cells whose timing reference configuration is #5.
(2) FFS point #2: for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, if the timing reference configuration is #0
From our observation, UL-DL configuration #0 could be the ACK/NACK timing reference only when Pcell’s UL-DL configuration is #0 while Scell’s is not #0, where ACK/NACK timing reference for Pcell could be determined as configuration #0. In this condition, unlike in Rel-10 where no UL DAI is present for TDD UL-DL configuration #0, PUSCH adjusted by an UL grant with UL DAI could be transmitted on Scell because the Scell’s UL-DL configuration is not #0. 
Even in this case, since M value could at most be 1 for the cell whose timing reference configuration is #0, there seems be no difference with other cases where timing reference configuration is #{1, 2, 3, 4, 6}, from ACK/NACK payload size (i.e. the value of Bc^{DL}) determination perspective. Aligning with the expressions used in the conclusions in RAN1#69 above, relevant sentence can be made as below. 
Proposal 3:
· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant containing UL DAI value, Bc^{DL} = min(W_{DAI}^{UL}, Mc) if the timing reference configuration is #0.
3. ACK/NACK configured with channel selection
In case of ACK/NACK configured with channel selection for CA with different TDD UL-DL configurations, following two alternatives can be considered. 
(1) Alt 1: apply mapping with maximum M for both cells
Use the mapping table with M = max{Mp, Ms} for both cells, where Mp is the value of M for Pcell and Ms is the value of M for Scell.
(2) Alt 2: apply mapping with individual M for each cell

Generate ACK/NACK state with Mc for each cell individually, which is mapped to a corresponding reference state on a reference mapping table.
In case of Alt 1, unnecessary bundling (causing performance loss) is inevitable for the cell with smaller M value while specification would be simple. In case of Alt 2, ACK/NACK mapping/bundling, i.e. throughput performance according to M value designed in Rel-10 could be kept for each cell while more specification effort may be needed compared to Alt 1. Even requiring more considerations, Alt 2 is more preferable from both ACK/NACK design and performance perspective. 
Proposal 4: 
· For ACK/NACK transmission configured with channel selection on PUCCH under CA with different TDD UL-DL configurations, ACK/NACK state mapping with individual M value for each cell is preferable in order to avoid unnecessary bundling.
For Alt 2, more specially, each ACK/NACK state for each cell generated based on its own M value has a corresponding reference state. Then, an ACK/NACK state for each cell is mapped to the position of the corresponding reference state (by replacing) on the reference mapping table. For example, assuming that Mp = 2 and Ms = 3, relationship between ACK/NACK state and reference state for Pcell and Scell can be provided as Tables 1 and 2, respectively. Referring these Tables 1 and 2, final mapping of ACK/NACK state for each cell to the reference mapping table (Table 3 used for 4-bit channel selection in Rel-10) can be done as shown in Table 4 (green is replaced by blue, pink is replaced by red). Here, PUCCH resource allocation for each cell could individually follow that with its own M value as well (regarding this example, 
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Table 1: Relationship between ACK/NACK state and reference state (Mp = 2)
	PCell with
Mp = 2
	PCell HARQ-ACK(0), (1)
	Reference state = HARQ-ACK(0), (1)

	
	ACK, ACK
	ACK, ACK

	
	NACK/DTX, ACK
	NACK/DTX, ACK

	
	ACK, NACK/DTX
	ACK, NACK/DTX

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


Table 2: Relationship between ACK/NACK state and reference state (Ms = 3)
	SCell with
Ms = 3
	SCell HARQ-ACK(0), (1), (2)
	Reference state = HARQ-ACK(2), (3)

	
	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: Reference mapping table
	HARQ-ACK(0), HARQ-ACK(1)
	HARQ-ACK(2), HARQ-ACK(3)
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	NACK/DTX, NACK/DTX
	No Transmission


Table 4: Final ACK/NACK state mapping to the reference mapping table
	PCell HARQ-ACK(0), (1)
	SCell HARQ-ACK(0), (1), (2)
	
[image: image35.wmf])

1

(

PUCCH

n


	
[image: image36.wmf])

1

(

)

0

(

b

b



	ACK, ACK
	ACK, ACK, ACK
	
[image: image37.wmf])

1

(

PUCCH,1

n


	1, 1

	ACK, ACK
	ACK, NACK/DTX, any
	
[image: image38.wmf])

1

(

PUCCH,2

n


	1, 1

	ACK, ACK
	ACK, ACK, NACK/DTX
	
[image: image39.wmf])

1

(

PUCCH,0

n


	1, 0

	ACK, ACK
	NACK/DTX, any, any
	
[image: image40.wmf])

1

(

PUCCH,1

n


	1, 0

	ACK, NACK/DTX
	ACK, ACK, ACK
	
[image: image41.wmf])

1

(

PUCCH,3

n


	1, 1

	ACK, NACK/DTX
	ACK, NACK/DTX, any
	
[image: image42.wmf])

1

(

PUCCH,2

n


	1, 0

	ACK, NACK/DTX
	ACK, ACK, NACK/DTX
	
[image: image43.wmf])

1

(

PUCCH,0

n


	0, 1

	ACK, NACK/DTX
	NACK/DTX, any, any
	
[image: image44.wmf])

1

(

PUCCH,0

n


	1, 1

	NACK/DTX, ACK
	ACK, ACK, ACK
	
[image: image45.wmf])

1

(

PUCCH,1

n


	0, 0

	NACK/DTX, ACK
	ACK, NACK/DTX, any
	
[image: image46.wmf])

1

(

PUCCH,2

n


	0, 1

	NACK/DTX, ACK
	ACK, ACK, NACK/DTX
	
[image: image47.wmf])

1

(

PUCCH,3

n


	1, 0

	NACK/DTX, ACK
	NACK/DTX, any, any
	
[image: image48.wmf])

1

(

PUCCH,1

n


	0, 1

	NACK/DTX, NACK/DTX
	ACK, ACK, ACK
	
[image: image49.wmf])

1

(

PUCCH,3

n


	0, 1

	NACK/DTX, NACK/DTX
	ACK, NACK/DTX, any
	
[image: image50.wmf])

1

(

PUCCH,2

n


	0, 0

	NACK/DTX, NACK/DTX
	ACK, ACK, NACK/DTX
	
[image: image51.wmf])

1

(

PUCCH,3

n


	0, 0

	NACK, NACK/DTX
	NACK/DTX, any, any
	
[image: image52.wmf])

1

(

PUCCH,0

n


	0, 0

	DTX, NACK/DTX
	NACK/DTX, any, any
	No Transmission


Regarding ACK/NACK piggyback on PUSCH, similarly with the case of ACK/NACK configured with PUCCH format 3 above, RM code input bits defined for the case with min(W, Mc) could individually be applied for each cell. In other words, RM code input bits according to UL DAI value of W defined in Rel-10 could be applied by regarding min(W, Mc) as W for each cell. Using the example above, if we assume that ACK/NACK would be piggybacked on PUSCH with corresponding UL DAI value of W = 3, RM code input bits {
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} for the case with min(W, Mp) = min (3, 2) = 2 (i.e. W = 2 in Rel-10) could be used for Pcell while RM code input bits {
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} for the case with min(W, Ms) = min (3, 3) = 3 (i.e. W = 3 in Rel-10) could be used for Scell. 
Proposal 5: 
· For ACK/NACK transmission configured with channel selection on PUSCH under CA with different TDD UL-DL configurations, RM code input bits according to W value defined in Rel-10 could individually be applied for each cell by regarding min(W, Mc) as W value. 
Furthermore, as pointed out in RAN1#69, there could be cases of combination where there is no ACK/NACK in one of the cells. Regarding this issue, following two approaches can be applicable. 
(1) Alt 1: apply non-CA mapping only for the cell with non-zero M value
(2) Alt 2: apply CA mapping with non-zero M for both cells (DTX for one cell)
In case of Alt 1, individual ACK/NACK transmission could be supported by avoiding time-bundling operation while additional explicit PUCCH resources might be required in case when the cell with non-zero M value is Scell. In case of Alt 2, required explicit resources as well as ACK/NACK bundling operation according to M value could be kept same as in Rel-10 while performance loss might be caused by no feedback on NACK state for Scell with non-zero M due to property of the mapping table. Hence, in order to decide one approach between Alt 1 and Alt 2 for handling of this issue, both performance and overhead should be taken into account. 
Proposal 6: 
· In case when M = 0 in one cell for ACK/NACK configured with channel selection, it should be decided whether non-CA mapping is applied only for the cell with non-zero M value or CA mapping with non-zero M is applied for both cells by DTX for one cell. 
4. Summary
We provide more details on ACK/NACK transmission configured with PUCCH format 3 or channel selection on PUCCH/PUSCH in order to support CA with different TDD UL-DL configurations. Finally, we propose: 

Proposal 1: (on ACK/NACK configured with PUCCH format 3)
· For HARQ-ACK transmission in an UL subframe n and on PUCCH or on PUSCH not adjusted by an UL grant containing UL DAI value or if signaling of DL DAI value is not applied, 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 containing UL DAI value, Bc^{DL} = min(W_{DAI}^{UL}, Mc) if the timing reference configuration is #{1, 2, 3, 4, 6} and signaling of DL DAI value is applied.
Proposal 2: (on ACK/NACK configured with PUCCH format 3)
· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant containing UL DAI value, 
[image: image57.wmf]é

ù

)

,

4

/

)

(

4

min(

M

W

U

W

B

DL

DAI

UL

DAI

DL

c

-

+

=

 if the timing reference configuration is #5 and signaling of DL DAI value is applied, where 
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 among all the cells whose timing reference configuration is #5.
Proposal 3: (on ACK/NACK configured with PUCCH format 3)
· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant containing UL DAI value, Bc^{DL} = min(W_{DAI}^{UL}, Mc) if the timing reference configuration is #0.
Proposal 4: 
· For ACK/NACK transmission configured with channel selection on PUCCH under CA with different TDD UL-DL configurations, ACK/NACK state mapping with individual M value for each cell is preferable in order to avoid unnecessary bundling.

Proposal 5: 
· For ACK/NACK transmission configured with channel selection on PUSCH under CA with different TDD UL-DL configurations, RM code input bits according to W value defined in Rel-10 could individually be applied for each cell by regarding min(W, Mc) as W value.

Proposal 6: 
· In case when M = 0 in one cell for ACK/NACK configured with channel selection, it should be decided whether non-CA mapping is applied only for the cell with non-zero M value or CA mapping with non-zero M is applied for both cells by DTX for one cell. 
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