3GPP TSG-RAN WG1 #70
R1-123608

Qingdao, China, 13th-17th August 2012
Source:
Ericsson, ST-Ericsson
Title:
HARQ-ACK transmission with PUCCH Format 1b channel selection with cross-carrier scheduling in aggregation of TDD carriers with different UL/DL configurations

Agenda Item:
7.2.3


Document for:
Discussion and Decision
1. Introduction

In RAN1 #69, a way forward proposal [1] for a UE configured with PUCCH format 1b with channel selection for HARQ-ACK transmission was discussed:

· 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.
The following observations from the discussion were recorded in the Chairman’s Note [2]:

· 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 provide detailed analysis of the proposal for the cross-carrier scheduling cases to further the discussion and address the applicability of the M = max{Mp, Ms} mapping proposal to the cross-carrier scheduling cases.

The following analysis is based on the current working assumption that cross-subframe DL scheduling is not supported in Rel-11 [2].

2. Cross-carrier scheduling cases

According to the different configurations from PCell and SCell(s), three different cases for PDSCH HARQ timing are identified as follows:

· Case A: where scheduled SCell downlink subframes are a subset of PCell

· Case B: where scheduled SCell downlink subframes are a superset of PCell

· Case C: where scheduled SCell downlink subframes are neither a superset nor a subset of PCell

For Case A, the SCell PDSCH HARQ timing reference configuration has been decided to be SIB1 UL-DL configuration of the PCell. This is the same timing reference solutions as in the case of self-scheduling. 

For Case B, there are two alternatives under discussion [2]:

· Alt B-1: Follow the PCell timing
· Alt B-2: Follow the SCell timing 
For Case C, there are two alternatives under discussion [2]:

· Alt C-1: Follow the PCell timing
· Alt C-2: Follow a PDSCH HARQ timing reference configuration different than either serving cells
2.1. Case A: where scheduled SCell downlink subframes are a subset of PCell

For Case A, the combinations of PCell and SCell associate set sizes are identical to those for the self-scheduling cases, which are extensively analyzed in [3].

Observation: The M = max{Mp, Ms} mapping proposal for PUCCH Format 1b channel selection addresses all possible combinations in Case A.
2.2. Case B where scheduled SCell downlink subframes are a superset of PCell
2.2.1 Alt B-1: Follow the PCell timing
In Rel-10, a UE determines the DL subframes n−k, where k∈K, to report ACK/NACK for subframe n based the DL association set index K defined by the SIB1 UL-DL configuration of the serving cells. In Rel-11, the SCell DL association set index K is determined by the SCell PDSCH HARQ reference configuration. As an example shown in Figure 3 and the complete tabulation of all Case B combinations provided in Table 2 below, the bundling window sizes of the PCell and SCell will always be identical based on the Alt B-1 solution.

Observation: Rel-10 PUCCH format 1b channel selection procedures can be applied directly without modification to all combinations in Case B if Alt B-1 timing proposal is adopted for Case B.
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Figure 1 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 PCell and configuration #2 SCells. The PDSCH HARQ timing of the configuration #2 SCell is based on UL-DL configuration #1.

Table 2 All possible combinations of the associate set sizes for Case B based on the Alt B-1 timing proposal
	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	0
	
	
	1
	0
	1
	
	
	1
	0
	1

	Scell
	1
	
	
	1
	0
	1
	
	
	1
	0
	1

	
	2
	
	
	1
	0
	1
	
	
	1
	0
	1

	
	3
	
	
	1
	0
	1
	
	
	1
	0
	1

	
	4
	
	
	1
	0
	1
	
	
	1
	0
	1

	
	6
	
	
	1
	0
	1
	
	
	1
	0
	1


	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	1
	
	
	2
	1
	
	
	
	2
	1
	

	Scell
	2
	
	
	2
	1
	
	
	
	2
	1
	

	
	4
	
	
	2
	1
	
	
	
	2
	1
	


	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	3
	
	
	3
	2
	2
	
	
	
	
	

	Scell
	4
	
	
	3
	2
	2
	
	
	
	
	


	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	6
	
	
	1
	1
	1
	
	
	1
	1
	

	Scell
	1
	
	
	1
	1
	1
	
	
	1
	1
	

	
	2
	
	
	1
	1
	1
	
	
	1
	1
	

	
	3
	
	
	1
	1
	1
	
	
	1
	1
	

	
	4
	
	
	1
	1
	1
	
	
	1
	1
	


2.2.2 Alt B-2: Follow the SCell timing
An example of the Alt B-2 solution is illustrated in Figure 2. For UL subframe #2 or #7, the PDSCH HARQ timing of the configuration #2 SCell is applied to the SCell with K = {8, 7, 4, 6}. However, since n−8 is an UL subframe in the PCell, the DL subframe in the SCell cannot be scheduled. Therefore, 

Observation: The following checking rule shall be introduced to make Alt B-2 feasible:

· A DL subframe n−k in the SCell shall be excluded from the DL association set K if subframe n−k is an UL in the PCell.
The size of the DL association set for SCell is hence reduced to Ms = 3. Therefore for the UL subframe #2 or  #7, the associate set sizes for the PCell and the SCell are (Mp, Ms) = (2, 3). A complete tabulation of all possible combinations of the associate set sizes for Case B based on the Alt B-2 timing proposal is provided in Table 3.

Observation: With the additional checking rule, the M = max{Mp, Ms} mapping proposal for PUCCH Format 1b channel selection addresses all possible combinations in Case B if Alt B-2 timing proposal is adopted.
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Figure 2 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 PCell and configuration #2 SCells. The PDSCH HARQ timing of the configuration #2 SCell is based on UL-DL configuration #2.
Table 3 All possible combinations of the associate set sizes for Case B based on the Alt B-2 timing proposal
	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	0
	
	
	1
	0
	1
	
	
	1
	0
	1

	Scell
	1
	
	
	2
	0
	0
	
	
	2
	0
	0

	
	2
	
	
	2
	0
	0
	
	
	2
	0
	0

	
	3
	
	
	3
	0
	1
	
	
	0
	0
	0

	
	4
	
	
	3
	1
	0
	
	
	0
	0
	0

	
	6
	
	
	1
	1
	0
	
	
	1
	1
	0


	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	1
	
	
	2
	1
	
	
	
	2
	1
	

	Scell
	2
	
	
	3
	0
	
	
	
	3
	0
	

	
	4
	
	
	4
	2
	
	
	
	0
	0
	


	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	3
	
	
	3
	2
	2
	
	
	
	
	

	Scell
	4
	
	
	3
	4
	0
	
	
	
	
	


	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	6
	
	
	1
	1
	1
	
	
	1
	1
	

	Scell
	1
	
	
	2
	1
	0
	
	
	2
	0
	

	
	2
	
	
	2
	0
	0
	
	
	3
	0
	

	
	3
	
	
	3
	0
	2
	
	
	0
	0
	

	
	4
	
	
	3
	2
	0
	
	
	0
	0
	


2.3. Case C where scheduled SCell downlink subframes are neither a superset nor a subset of PCell
2.3.1 Alt C-1: Follow the PCell timing
Observation: The M = max{Mp, Ms} mapping proposal for PUCCH Format 1b channel selection addresses all possible combinations in Case C if Alt C-1 timing proposal is adopted.
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 (a) Configuration #1 cell is PCell
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(b) Configuration #3 cell is PCell
Figure 3 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 and #3 cells. The PDSCH HARQ timing of the SCell is based on SIB1 UL-DL configuration of the PCell.
Table 4 All possible combinations of the associate set sizes for Case C based on the Alt C-1 timing proposal

	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	1
	
	
	2
	1
	
	
	
	2
	1
	

	Scell
	3
	
	
	2
	1
	
	
	
	2
	0
	


	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	3
	
	
	3
	2
	2
	
	
	
	
	

	Scell
	1
	
	
	3
	0
	2
	
	
	
	
	


2.3.2 Alt C-2: Follow a PDSCH HARQ timing reference configuration different than either serving cells
Observation: The following checking rule shall be introduced to make Alt C-2 feasible:

· A DL subframe n−k in the SCell shall be excluded from the DL association set K if subframe n−k is an UL in the PCell.
Observation: With the additional checking rule, the M = max{Mp, Ms} mapping proposal for PUCCH Format 1b channel selection addresses all possible combinations in Case C if Alt C-2 timing proposal is adopted.
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 (a) Configuration #1 cell is PCell
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(b) Configuration #3 cell is PCell
Figure 4 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 and #3 cells. The PDSCH HARQ timing of the SCell is based on UL-DL configuration number #4.
Table 5 All possible combinations of the associate set sizes for Case C based on the Alt C-2 timing proposal

	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	1
	
	
	2
	1
	
	
	
	2
	1
	

	Scell
	3
	
	
	3
	2
	
	
	
	0
	0
	


	Cell Configuration
	M in subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Pcell
	3
	
	
	3
	2
	2
	
	
	
	
	

	Scell
	1
	
	
	3
	2
	0
	
	
	
	
	


3. Conclusion

Based on an exhaustive analysis for cross-carrier scheduling cases presented in this contribution, we observed:

· The total number of schedulable DL subframes in the SCell is not affected by the HARQ-ACK report timing solutions.
· For Case A

· The M = max{Mp, Ms} mapping proposal for PUCCH Format 1b channel selection addresses all possible combinations in Case A.

· For Case B
· Rel-10 PUCCH format 1b channel selection procedures can be applied directly without modification to all combinations in Case B if Alt B-1 timing proposal is adopted for Case B.
· The M = max{Mp, Ms} mapping proposal for PUCCH Format 1b channel selection addresses all possible combinations in Case B if Alt B-2 timing proposal is adopted with the following additional checking rule:

· A DL subframe n−k in the SCell shall be excluded from the DL association set K if subframe n−k is an UL in the PCell.
· For Case C
· The M = max{Mp, Ms} mapping proposal for PUCCH Format 1b channel selection addresses all possible combinations in Case C if Alt C-1 timing proposal is adopted.

· The M = max{Mp, Ms} mapping proposal for PUCCH Format 1b channel selection addresses all possible combinations in Case C if Alt C-2 timing proposal is adopted with the following additional checking rule:

· A DL subframe n−k in the SCell shall be excluded from the DL association set K if subframe n−k is an UL in the PCell.
Therefore, we propose to adopt the following solutions

· For all DL cross-carrier scheduling cases, the PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration.
· 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.
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