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1. Introduction
In RAN1#69 meetings [1][3], for Rel-11 CA, the PUCCH HARQ-ACK issue has been discussed, and several agreements are achieved for HARQ-ACK transmission on PUCCH 1b with channel selection as follows:
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. 

· 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

In this contribution, the remaining issues for HARQ-ACK transmission on PUCCH format 1b with channel selection and on PUSCH to support TDD inter-band CA with different UL-DL configurations are discussed and our views are expressed. 
2. Discussion
2.1 HARQ-ACK transmission on PUCCH format 1b with channel selection
In Rel-10, only intra-band TDD CA is considered, and all configured serving cells have the same TDD UL-DL configuration which share the same bundling size for PUCCH HARQ-ACK transmission. As a result, the same spatial or time bundling scheme is applied to primary cell and secondary cell for transmission on PUCCH format 1b with channel selection. 
In Rel-11 inter-band TDD CA, if PCell and SCell use the same UL-DL configuration and consequently have the same bundling size for both cells, it is straightforward to reuse the Rel-10 scheme. If inter-band TDD CA with different UL-DL configurations, a UE shall determine the HARQ-ACK bundling 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 in Table 10.1.3.1-1 [2] . And on each serving cell, the HARQ-ACK corresponding to the DL subframes n-k, where k∈K and K is defined in Table 1 will be transmitted in UL subfame n.

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
	-


In RAN1#68bis meeting, It is agreed that PDSCH HARQ timing for PCell follows PCell UL-DL configuration itself. Therefore, the bundling size for PCell is the same as Rel-10. For PDSCH HARQ timing for SCell, it is agreed 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. 

If the reference timing configuration is different from the SCell SIB1 configuration, the subframe on SCell in DL association set index K is probably an UL subframe. For example in figure 1, if the HARQ timing on SCell follows TDD UL-DL configuration 1 as a reference configuration, the subframe #4 on SCell is an UL subframe. 
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Figure 1: no HARQ-ACK on SCell
In such situation, if the bundling size includes the UL subframe #4, there would creat redundant HARQ-ACK bit to feedback and performance loss is expected by unnecessary bundling. Here, the Rel-10 mapping table with M= Mp  is used, where Mp is the number of elements in the set K on PCell,  and the SCell state can be set DTX.

On the contrary, if the HARQ timing on SCell follows TDD UL-DL configuration 0 as a reference timing configuration, there would be no HARQ-ACK on PCell on #8 in figure 2. And the Rel-10 mapping table with M= Ms is used, where Ms is the number of elements in the set K on SCell,  and the PCell state can be set DTX.  
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Figure 2: no HARQ-ACK on PCell

For inter-band TDD CA, considering the limited Rel-11 timeline, it seems not feasible to design new mapping tables and the Rel-10 mapping table for PUCCH format 1b with channel selection can be reused. For the simplicity in standardization, it can be agreed that 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, and the UE shall set DTX for {HARQ-ACK(min{Mp, Ms}), …, HARQ-ACK(M-1)} for the serving cell with the smaller Mc value.
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Figure 3: M = max{Mp, Ms} in HARQ-ACK transmission
For example in figure 3, if the HARQ timing on SCell follows TDD UL-DL configuration 2 as a reference timing configuration, a common bundling size M is used with the maximum value between PCell bundling size Mp and SCell bundling size Ms, i.e. M=max{Mp, Ms}=4. And a DTX bit will be appended to the end of HARQ-ACK bit sequence corresponding to SCell with K of size min(Mp, Ms). 
This would avoid any modifications of  the Rel-10 mapping tables, and consequently simplify the standardization. However, performance loss is expected for unnecessary bundling, which should be avoided from the downlink throughput point of view. 
Proposal 1: The Rel-10 mapping table should be reused with a common bundling size 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. If within the Rel-11 timeframe, unnecessary bundling should be avoid in consideration of performance and downlink throughput. 
2.2 HARQ-ACK transmission on PUSCH
In Rel-10 section 10.1.3.2.1[2],  the HARQ-ACK procedure for TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells and a subframe n with 
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 is defined. For the UE configured with PUCCH format 1b with channel selection, it is better to reuse the Rel-10 design for HARQ-ACK transmission on PUSCH. 
If the PUSCH transmission is not adjusted based on UL grants, the Rel-11 UE follows the PUCCH design in Rel-10 to generate HARQ-ACK bits, which is shown as follows: 
· For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and a subframe n with 
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In Rel-10, the UE shall transmit 
[image: image8.wmf])

1

(

)

0

(

b

b

 on PUCCH resource 
[image: image9.wmf])

1

(

PUCCH

n

 selected from 
[image: image10.wmf]A

 PUCCH resources, 
[image: image11.wmf])

1

(

PUCCH,

j

n

 where 
[image: image12.wmf]1

0

-

£

£

A

j

 and
[image: image13.wmf]}

4

,

3

,

2

{

Î

A

, according to Tables 10.1.3.2-1/2/3 in subframe 
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 using PUCCH format 1b. 
In Rel-11, the actual produced HARQ-ACK bits are transmitted on PUSCH, where HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transport block or SPS release PDCCH associated with serving cell, where the transport block and serving cell for HARQ-ACK(j) and 
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 PUCCH resources are given by Table 10.1.2.2.1-1[2].
· For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and a subframe 
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In Rel-10, the UE shall perform channel selection according to the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit 
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 using PUCCH format 1b. The value of 
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 are generated by channel selection according to Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4 respectively.   
In Rel-11, the produced HARQ-ACK bits and their corresponding RM code input bits are multiplexed and transmitted on PUSCH
If the PUSCH transmission is adjusted based on UL grants, the Rel-11 UE follows the similar scheme as not adjusted based on UL grants, but it needs to consider the TPC field in UL grant with DAI value greater than ‘1’, which only generates min(W_{DAI}^{UL}, M) number of HARQ-ACK bits per component cell. 

Proposal 2: For the Rel-11 UE configured with PUCCH format 1b with channel selection, it is better to reuse the Rel-10 design for HARQ-ACK transmission on PUSCH. For the PUSCH transmission not adjusted based on UL grants, the Rel-11 UE follows the PUCCH design in Rel-10 to generate HARQ-ACK bits; For the PUSCH transmission adjusted based on UL grants, the Rel-11 UE follows the PUCCH design in Rel-10 with additional consideration of the TPC field in UL grant with DAI value greater than ‘1’, which only generates min(W_{DAI}^{UL}, M) number of HARQ-ACK bits per component cell . 

3. Conclusion
This contribution considered the remaining issues for HARQ-ACK transmission on PUCCH format 1b with channel selection and on PUSCH to support TDD inter-band CA with different UL-DL configurations,  and gave the following proposals: 

Proposal 1: The Rel-10 mapping table should be reused with a common bundling size 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. If within the Rel-11 timeframe, unnecessary bundling should be avoid in consideration of performance and downlink throughput. 

Proposal 2: For the Rel-11 UE configured with PUCCH format 1b with channel selection, it is better to reuse the Rel-10 design for HARQ-ACK transmission on PUSCH. For the PUSCH transmission not adjusted based on UL grants, the Rel-11 UE follows the PUCCH design in Rel-10 to generate HARQ-ACK bits; For the PUSCH transmission adjusted based on UL grants, the Rel-11 UE follows the PUCCH design in Rel-10 with additional consideration of the TPC field in UL grant with DAI value greater than ‘1’, which only generates min(W_{DAI}^{UL}, M) number of HARQ-ACK bits per component cell . 
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