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1 Introduction
Several agreements have been made on TDD inter-band CA with different UL-DL configurations. However, the HARQ-ACK feedback method has not been discussed. 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, the following issues should be considered for ACK/NACK transmission:

· How to determine the ACK/NACK codebook?
· Whether and how PUCCH format 1b with channel selection is supported?

In this contribution, we mainly discuss the above two issues for TDD inter-band CA.

2 Discussion

2.1 ACK/NACK codebook size
Generally, a UE shall determine the ACK/NACK codebook size based on the number of configured serving cells, the downlink transmission mode configured for each serving cell, and the DL association set index K [1] (i.e. the ACK/NACK corresponding to the DL subframes n-k, where k∈K and K is defined in Table 1, will be transmitted in UL subfame n) on each serving cell.
Table 1: Downlink association set index
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


The SCell DL association set index K is determined by the SCell PDSCH HARQ reference configuration. When the reference configuration is different from the SCell SIB1 configuration, the subframe on SCell in DL association set index K may be an UL subframe. As shown in Figure 1, the PDSCH HARQ timing on SCell follows a reference TDD UL-DL configuration 2, which means the DL association set index K on SCell in subframe #7 is {8, 7, 4, 6}, corresponding to subframes {#9, #0, #1, #3}. Note that subframe #3 on SCell is an UL subframe. If the ACK/NACK codebook size includes the UL subframe, redundant feedback bits exist. With redundant bits in ACK/NACK codebook, dual RM coding might be used unnecessarily for ACK/NACK transmission, which reduces the ACK/NACK detection performance. Therefore, the UL subfame(s) should be excluded from the DL association set index K. 
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Figure 1: Unnecessary UL subframes feedback in ACK/NACK codebook
With the above analysis, we have the following proposal:

Proposal 1: To determine the ACK/NACK codebook size for TDD inter-band CA with different UL-DL configurations on different bands, the UL subframe(s) on an SCell should be excluded from the DL association set K determined by the PDSCH HARQ reference configuration for the SCell.
2.2 ACK/NACK transmission method
· PUCCH Format 3
If the ACK/NACK codebook size is determined according to proposal 1 in section 2.1, ACK/NACK transmission with PUCCH format 3 as defined in Rel-10 can be largely reused for TDD inter-band CA, without significant specification changes.
· PUCCH format 1b with channel selection
Since PDSCH HARQ timing on PCell and SCell may be different, for a single UL subframe, the downlink association set index K on PCell and SCell may be different as well. Rel-10 PUCCH format 1b with channel selection is designed for the same downlink association set index K on PCell and SCell, i.e. same M for PCell and SCell, where M is the number of elements in the set K.
Modifications are needed to support PUCCH format 1b with channel selection for TDD inter-band CA:

· Mapping table with M = max(Mp, Ms) is used, where Mp is the number of elements in the set K on PCell, and Ms is the number of elements in the set K on SCell. This would avoid any required modifications on the mapping tables defined in Rel-10.
· M – min(Mp, Ms) NACK/DTX bit(s) is appended to the end of the ACK/NACK bit sequence corresponding to the serving cell with K of size min(Mp, Ms).
An example is shown in Figure 2. In case of self scheduling, the PDSCH HARQ timing on PCell follows TDD UL-DL configuration 1, while SCell follows TDD UL-DL configuration 2. The DL association set K in subframe #7 on PCell is {7,6}, while on SCell is {8,7,6,4}. Hence, Mp=2 and Ms=4. The mapping table of M=max(Mp, Ms)=4 shall be used and two NACK/DTX bits shall be appended to the end of the ACK/NACK bit sequence corresponding to PCell.
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Figure 2: Method for PUCCH format 1b with channel selection
Given the discussion in this section, we have the following proposal:
Proposal 2: PUCCH format 1b with channel selection can be supported by using the mapping table of size M=max(Mp,Ms) and appending M-min(Mp,Ms) NACK/DTX bits to end of the ACK/NACK bit sequence corresponding to the serving cell with K of size min(Mp,Ms), where Mp is size of K on PCell and Ms is the size of K on SCell.
3 Conclusions
In this contribution, we provide our analysis on HARQ-ACK feedback for TDD inter-band CA with different UL-DL configurations with the following proposals: 
Proposal 1: To determine the ACK/NACK codebook size for TDD inter-band CA with different UL-DL configurations on different bands, the UL subframe(s) on an SCell should be excluded from the DL association set K determined by the PDSCH HARQ reference configuration for the SCell.
Proposal 2: PUCCH format 1b with channel selection can be supported by using the mapping table of size M=max(Mp,Ms) and appending M-min(Mp,Ms) NACK/DTX bits to end of the ACK/NACK bit sequence corresponding to the serving cell with K of size min(Mp,Ms), where Mp is size of K on PCell and Ms is the size of K on SCell.
4 References
[1]. 3GPP TS 36.213: “Physical layer procedures”






PAGE  

_1319138488.unknown

_1397993747.vsd
文本�

选择椭圆并
键入文字。拖动控制手柄可更改椭圆的宽度和高度。�

�

�

�

�

D


S


U


U


D


D


S


U


U


D


D


S


U


D


D


D


S


U


D


D


Pcell
Configuration 2


Scell
Configuration 1


s0


s1


s2


s3


s4


s5


s6


s7


s8


s9


×


PDSCH HARQ timing


D


D


s9



_1398073915.vsd
文本�

选择椭圆并
键入文字。拖动控制手柄可更改椭圆的宽度和高度。�

�

�

�

�

8,7,6,4


7,6,(NACK/DTX,NACK/DTX)


M=max(Mp,Ms)=4


DL association set K 


Pcell
Configuration 1


Scell
Configuration 2


8,7,6,4


7,6


Subframe #7


Mp=2


Ms=4


Subframe #7



_1319137712.unknown

