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1. Introduction

In the RAN1 #76 meeting, the following agreements were made [1]. 
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In this contribution, we share our views on PUCCH resource for PUCCH format 1a/1b. 
2. Discussion
2.1. PUCCH resources corresponding to PDCCH
Up to Rel-11, the PUCCH resource for PUCCH format 1a/1b is implicitly determined according to the SIB1 TDD UL-DL configurations. Table 1 shows the downlink association set index in the current specification.

Table 1. Downlink association set index
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	UL-DL

Configuration
	Subframe n

	
	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
	-


For eIMTA, DL-heavy configurations such as configuration 2, 4 and 5 are used as a DL-reference UL-DL configuration while UL-reference UL-DL configuration is generally UL-heavy so that eNB can have more choices for a dynamic UL-DL configuration. In an eIMTA cell, some UL subframes in SIB1 UL-DL configuration can be changed to DL subframes in a dynamic manner. Therefore, PUCCH resource for PUCCH format 1a/1b should be determined for all DL and special subframes in the DL HARQ reference configuration.
In RAN1#76, it was agreed that the existing implicit PUCCH resource is reused for subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs in order to share the associated PUCCH resources. Three types of DL subframes should be considered [2]-[4]. The first-type DL subframes are fixed DL subframes that have the same HARQ timing for both eIMTA and non-eIMTA UEs. For this type, these DL subframes should correspond to the dynamic PUCCH resources with the lowest indices. The second-type DL subframes are fixed DL subframes having different HARQ timing for eIMTA and non-eIMTA UEs, and the third-type are the flexible subframes. Dynamic HARQ-ACKs for the second-type DL subframes should be mapped to the PUCCH resources having relatively lower indices compared to the third-type DL subframes so that the PUCCH resources reserved for the third-type DL subframes are likely to be reused for PUSCH transmission when the flexible subframes are configured as UL subframes.
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Figure 1. Implicit PUCCH resource in subframe #3 for PDCCH (DL HARQ reference configuration #4, SIB1 UL/DL configuration #1)
In addition, for the remaining DL subframes, the probability of the subframe being used as DL /special subframe should be taken into account for ordering the DL subframes [2-3], [5]. This can minimize PUCCH overhead especially for EPDCCH case. Accordingly, we propose equations and tables shown in Appendix that achieve this principle.
Proposal 1:
· Subframes are indexed and interleaved separately divided into first-type subframes and second/third-type subframes.
· First-type subframes are the fixed DL subframes for which eIMTA UEs follow the same HARQ timing as non eIMTA UEs.

· Second-type subframes are the fixed DL subframes for which eIMTA UEs follow different HARQ timing from non eIMTA UEs.

· Third-type subframes are the flexible subframes.
· For the second and third-type subframes, the second-type DL subframes should have relatively lower indices compared to the third-type DL subframes while the block interleaving is applied for them together.
2.2. PUCCH resources corresponding to EPDCCH
Up to Rel-11, the PUCCH resource for PUCCH format 1a/1b is implicitly determined from EPDCCH according to the same DL association set table as for PDCCH. Therefore, it is natural to use the unified table. In addition, applying the new ordering mentioned above to each DL association set provides more PUCCH compression gain than in the PDCCH case. We thus propose: for EPDCCH, the same subframe indexing is used as for PDCCH. 
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Figure 2. Implicit PUCCH resource in subframe #3 for EPDCCH (DL HARQ reference configuration #4, SIB1 UL/DL configuration #0)
Proposal 2:
· For EPDCCH, the same subframe indexing is used as for PDCCH.
Regarding starting PUCCH resources corresponding to the second and third-type subframes, the PUCCH resource offset for EPDCCH, i.e. N(e1)PUCCH, q, is normally different from N(1)PUCCH so as to avoid PUCCH collision between PDSCHs triggered by PDCCH and EPDCCH. Furthermore, different offset values can be configured between two EPDCCH sets. Therefore, the offset value configured for PDCCH should not be applied to EPDCCH. It is not necessary to introduce an additional RRC configured offset for EPDCCH.
Proposal 3:
· It is not necessary to introduce an additional RRC configured offset for EPDCCH.
2.3. Fallback from PUCCH format 3
A use case of dynamic HARQ-ACK reporting is a HARQ-ACK fallback operation from PUCCH format 3 transmission. Even if PUCCH Format 3 is configured, the same Format 1a/1b resource allocation principle as shown above should be applied to the HARQ-ACK fallback reporting, i.e. a single PDSCH/SPS release with DL DAI=1 is received only on the PCell within the bundling window according to the DL HARQ reference configuration. 
Proposal 4:
· Even if PUCCH Format 3 is configured, the same Format 1a/1b resource allocation principle as for PUCCH format 1b with channel selection should be applied to the HARQ-ACK fallback reporting, i.e. a single PDSCH/SPS release with DL DAI=1 is received only on the PCell within the bundling window according to the DL HARQ reference configuration.
3. Conclusion
In this contribution, we propose:
Proposal 1:
· Subframes are indexed and interleaved separately divided into first-type subframes and second/third-type subframes.
· First-type subframes are the fixed DL subframes for which eIMTA UEs follow the same HARQ timing as non eIMTA UEs.

· Second-type subframes are the fixed DL subframes for which eIMTA UEs follow different HARQ timing from non eIMTA UEs.

· Third-type subframes are the flexible subframes.
· For the second and third-type subframes, the second-type DL subframes should have relatively lower indices compared to the third-type DL subframes while the block interleaving is applied for them together.
Proposal 2:
· For EPDCCH, the same subframe indexing is used as for PDCCH.
Proposal 3:
· It is not necessary to introduce an additional RRC configured offset for EPDCCH.
Proposal 4:
· Even if PUCCH Format 3 is configured, the same Format 1a/1b resource allocation principle as for PUCCH format 1b with channel selection should be applied to the HARQ-ACK fallback reporting, i.e. a single PDSCH/SPS release with DL DAI=1 is received only on the PCell within the bundling window according to the DL HARQ reference configuration.
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5. Appendix
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 for the first-type DL subframes.
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 for the second-type and the third-type DL subframes.

where, 
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 is a PUCCH resource offset configured by RRC signaling. M1st-type is the number of elements within DL association set defined in Table 1 and M2nd/3rd-type is the number of elements within DL association set defined in Table 2.
Proposed Table 1 for eIMTA UEs (Subframe indexing for subframes for which eIMTA UEs have the same timing as non-eIMTA UEs)
	DL HARQ reference configuration 
	UL-DL 
Configuration given by SIB-1 
	Subframe n 

	
	
	0 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 

	2 
	0 
	-
	-
	6
	-
	-
	-
	-
	6
	-
	-

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

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

	
	3 
	Invalid

	
	4 
	Invalid

	
	5 
	Invalid

	
	6 
	-
	-
	7
	-
	-
	-
	-
	7
	-
	-

	4 
	0 
	-
	-
	
	-
	-
	-
	-
	-
	-
	-

	
	1 
	-
	-
	7, (6)
	4
	-
	-
	-
	-
	-
	-

	
	2 
	Invalid

	
	3 
	-
	-
	7, (6), 11
	6,5
	-
	-
	-
	-
	-
	-

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

	
	5 
	Invalid

	
	6 
	-
	-
	7
	7
	-
	-
	-
	-
	-
	-

	5 
	0 
	-
	-
	6
	-
	-
	-
	-
	-
	-
	-

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

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

	
	3 
	-
	-
	7, 6, 11
	-
	-
	-
	-
	-
	-
	-

	
	4 
	-
	-
	12, 8, 7, 11
	-
	-
	-
	-
	-
	-
	-

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

	
	6 
	-
	-
	7
	-
	-
	-
	-
	-
	-
	-


Proposed Table 2 for eIMTA UEs (Subframe indexing for subframes for which eIMTA UEs have different timing from non-eIMTA UEs)
	DL HARQ reference configuration 
	UL-DL 
Configuration given by SIB-1 
	Subframe n 

	
	
	0 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 

	2 
	0 
	-
	-
	7, 8, 4
	-
	-
	-
	-
	7, 8, 4
	-
	-

	
	1 
	-
	-
	8, 4
	-
	-
	-
	-
	8, 4
	-
	-

	
	2 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	3 
	Invalid

	
	4 
	Invalid

	
	5 
	Invalid

	
	6 
	-
	-
	6, 8, 4
	-
	-
	-
	-
	8, 6, 4
	-
	-

	4 
	0 
	-
	-
	12, 7, 11, 8
	7, 4, 5, 6
	-
	-
	-
	-
	-
	-

	
	1 
	-
	-
	12, 8, 11
	7, 6, 5
	-
	-
	-
	-
	-
	-

	
	2 
	Invalid

	
	3 
	-
	-
	12, 8
	4,7
	-
	-
	-
	-
	-
	-

	
	4 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	5 
	Invalid

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

	5 
	0 
	-
	-
	12, 7, 11, 13, 8, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-

	
	1 
	-
	-
	13, 12, 8, 11, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-

	
	2 
	-
	-
	13, 12, 9, 11,5
	-
	-
	-
	-
	-
	-
	-

	
	3 
	-
	-
	13, 12, 5, 4, 8, 9
	-
	-
	-
	-
	-
	-
	-

	
	4 
	-
	-
	13, 5, 4, 6, 9
	-
	-
	-
	-
	-
	-
	-

	
	5 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

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


Agreement:


HARQ-ACK bundling is NOT supported for HARQ-ACK feedback for TDD eIMTA





Agreement:


PUCCH format 1b with channel selection is supported for HARQ-ACK feedback for TDD eIMTA, along with the mapping table introduced in Rel-10 if eIMTA is enabled.


PUCCH format 3 is supported for HARQ-ACK feedback for TDD eIMTA





Agreement:


For the case of PDCCH scheduling, reuse the existing implicit PUCCH resource for subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs, and allocate new resources for other subframes in the bundling window, where the new resources are based on a separately RRC configured starting PUCCH offset (where the block interleaving for ACK/NAK resource indexing is still supported)





Agreement:


If TDD eIMTA is not enabled on the PCell but is enabled on at least one SCell, the UE behavior for HARQ-ACK feedback when PUCCH format 3 is configured follows that as specified in Rel-10/11.
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