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1. Summary
In RAN1 #69 [1], it was agreed that 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 PDSCH HARQ-ACK transmission. Furthermore, the following was noted on PUCCH Format 1b with channel selection and email discussion was performed.
· 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 
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) 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{
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}, where 
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 is the number of elements in set 
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for the primary cell and 
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 is the number of elements in set 
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 for the secondary cell.

· The UE shall set DTX for {HARQ-ACK(min{
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}), …, HARQ-ACK(M-1)} for the serving cell with the smaller 
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· 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, we share the observations and discuss approaches to alleviate the concerns. 
2. Combinations of 
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 for PUCCH Format 1 with channel selection

As agreed in RAN1 #68bis [2], the SCell PDSCH HARQ-ACK follows the association timing of a reference configuration. The reference configuration is the PCell configuration for Case A where the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration, the SCell configuration for Case B where the set of DL subframes indicated by the PCell SIB1 configuration is a subset of the DL subframes indicated by the SCell SIB1 configuration, and the reference configuration in Case C where the set of DL subframes indicated by the SCell SIB1 configuration is neither a subset nor a superset of the DL subframes indicated by the PCell SIB1 configuration. 
In Rel-10, all cells have the same TDD UL-DL configuration, thus, the same M value. For TDD CA with different configurations, the M of the PCell and SCell may be different. The PCell maintains the same PDSCH HARQ-ACK association timing as in Rel-8/9/10, thus, 
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 for the PCell. For the SCell, the set of DL subframes (denoted as 
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) 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. Thus, 
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 is a subset of K excluding the UL subframes (if applicable) of the SCell within the set K, and 
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is smaller or equal to M of the reference configuration. 
Format 1b with channel selection should be supported for 2 cells only, same as in Rel-10. For TDD CA with different TDD configurations, we share the observations in the summary. For easy implementation and backward compatibility, the Rel-10 methods should be reused as much as possible. Therefore,
· If TDD UL-DL Configuration 5 is used on PCell or SCell or as the reference configuration of SCell, PUCCH Format 1b with channel selection should not be supported.

· If 
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 of the PCell and 
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of the SCell are the same, the same Format 1 with channel selection tables should be reused as in Rel-10.

In other cases, the 
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 may be different for TDD CA with different TDD configurations. 
Case 1: Only PCell has HARQ-ACK to be reported, i.e. 
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 > 0 and 
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 = 0. This may happen in some UL subframes in Case B, and in Case A if only UL subframes are in the set 
[image: image24.wmf]K

for SCell, i.e. 
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 is empty.

If Rel-10 mapping table with M = max {
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} is used, the SCell will always be padded with DTX, this brings significant performance loss on the HARQ-ACK feedback, esp. when M = 3 and 4. Therefore, we propose that for Case 1, PUCCH Format 1b with channel selection for single cell reporting as in Rel-8/9/10 should be reused.
Case 2: Only SCell has HARQ-ACK to be reported, i.e. 
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 > 0 and 
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 = 0. This may happen sometimes in subframe 3 and 8 if PCell is configured with configuration 0.
Similarly, if Rel-10 mapping table with M = max {
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} is used, the PCell will always be padded with DTX, this brings significant performance loss on the HARQ-ACK feedback, esp. when M = 3 and 4. Therefore, we propose that for Case 2, PUCCH Format 1b with channel selection for single cell reporting as in Rel-8/9/10 may also be considered even for SCell. Details FFS.
Case 3: 
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In this case, both PCell and SCell need to report HARQ-ACK bits, but they have different M values. In Case 3, the channel selection tables with minimum padding and performance loss should be considered. Therefore, sum(
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) should be evaluated first. 
· If sum(
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) ≤ 4, the channel selection tables with 
[image: image42.wmf])

(

s

p

M

M

A

+

=

 should be reused. This provides better HARQ-ACK bit matching and PUCCH performance than using channel selection table with M = max {
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}. 
· If sum(
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) > 4, two methods may be further evaluated 
· Use Rel-10 mapping table with M = max {
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} as a simple approach. 
· Use Rel-10 mapping table with 
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 for less DTX padding and better HARQ_ACK performance. This may allow multiplexing of HARQ-ACK bit(s) from the cell with larger 
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 to the cell with smaller 
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.
In all cases, the PUCCH channel resource allocation should be further studied besides the channel selection tables.

3. Format 1b with channel selection for cross-carrier scheduling

In RAN1 #69 [1], it was agreed that cross subframe PDSCH scheduling is not supported. However, the PDSCH HARQ-ACK timing for cross-carrier scheduling is still under discussion. Two alternatives are under discussion. In one alternative, SCell follows the PCell configuration for cross-carrier scheduling. In another alternative, SCell follows the same configuration as in self-scheduling case. 
Since the 
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 is based on the PDSCH HARQ-ACK association timing, the Format 1b with channel selection for cross-carrier scheduling should be for further study after the decision of PDSCH HARQ-ACK association timing for cross-carrier scheduling.
4. Conclusions
Based on the analysis, for the PDSCH HARQ-ACK reporting of inter-band CA with different TDD configurations with Format 1b with channel selection, we propose that
· Format 1b with Channel selection is not supported if configuration 5 is configured or is the reference configuration of a cell.

· Single cell reporting method should be extended for HARQ-ACK reporting for PCell only or SCell only.

· If sum(
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)≤4, the channel selection tables with 
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 should be used.

· If sum(
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)>4, the methods to choose channel selection tables should be FFS.
· FFS for cross-carrier scheduling after HARQ-ACK association timing conclusion. 
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