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1 Introduction
In RAN1#74bis, downlink HARQ design in TDD eIMTA was discussed with the following agreements made [1]:

· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5} and the following behavior is agreed:
· Under any valid UL & DL HARQ reference configurations, the UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as DL subframe.
· FFS whether to capture the above into specifications
In this contribution we discuss the PUCCH HARQ-ACK transmission schemes that need to be supported for TDD eIMTA and the corresponding resource allocation methods.
2 Problem description
Currently the following PUCCH HARQ-ACK transmission schemes are supported for TDD

· For UEs configured with one serving cell

· Rel-8 HARQ-ACK bundling with PUCCH format 1a/1b,

· Rel-8 HARQ-ACK multiplexing (PUCCH format 1b with channel selection and Rel-8 mapping tables)
· Rel-10 PUCCH format 1b with channel selection (Rel-10 mapping tables), if supported

· PUCCH format 3, if supported 

· For TDD UEs configured with more than one serving cell

· Rel-10 PUCCH format 1b with channel selection (Rel-10 mapping tables)
· PUCCH format 3

The multiple PUCCH HARQ-ACK transmission schemes are designed and supported considering the tradeoff between PUCCH coverage and payload size, and with Macro cell deployment as the focus. Given that TDD eIMTA is applicable to small cell deployments, we shall consider whether all PUCCH HARQ-ACK transmission schemes shall be supported together with TDD eIMTA. Hence, the first problem we need to decide is:

Problem 1:  Which PUCCH HARQ-ACK transmission schemes are supported TDD eIMTA.

It shall be noted that here we only discuss which PUCCH HARQ-ACK transmission schemes can be used with TDD eIMTA. For UEs not configured with TDD eIMTA, then the existing PUCCH HARQ-ACK transmission schemes shall be kept the same as in previous releases. 

For PUCCH format 1a/1b based HARQ-ACK transmission schemes, implicit PUCCH format 1a/1b resources shall be determined for PDCCH/EPDCCH transmitted on the PCell. For PUCCH format 3, in certain conditions, implicit PUCCH format 1a/1b shall be used for HARQ-ACK feedback as well, i.e. the fall-back operation. According to agreements on PDSCH HARQ timing, an eIMTA UE will operate its DL HARQ transmission according to a RRC configured DL-reference UL-DL configuration, which may be different from the PCell SIB-1 UL-DL configuration. Therefore, there may not be implicit PUCCH format 1a/1b resources available for TDD eIMTA UEs. Hence, the second problem to resolve for TDD eIMTA is: 

Problem 2: What are the PUCCH resource allocation schemes for the PUCCH transmission schemes supported for TDD eIMTA.
3 PUCCH HARQ-ACK transmission schemes for TDD eIMTA

3.1 For UEs configured with one serving cell
Rel-8 HARQ-ACK bundling is supported for all TDD UL-DL configurations. Time domain bundling is applied to Rel-8 HARQ-ACK bundling, in order to reduce the HARQ-ACK payload size and hence increasing the PUCCH HARQ-ACK coverage. The HARQ-ACK bundling operation suffers from DL throughput loss due to unnecessary PDSCH retransmissions. Given that only small cell deployments (i.e. low power nodes) are shown to be feasible for TDD eIMTA so far, there are no strong motivations to support Rel-8 HARQ-ACK bundling in combination with TDD eIMTA.
Proposal 1: Rel-8 HARQ-ACK bundling cannot be used in combination for TDD eIMTA, when the UE is configured with one serving cell.
Rel-8 HARQ-ACK multiplexing and Rel-10 PUCCH format 1b with channel selection are very similar except that the mapping tables are different. HARQ-ACK spatial bundling shall be applied for Rel-8 HARQ-ACK multiplexing and Rel-10 PUCCH format 1b with channel selection, which leads to reduces DL throughput. In addition, Rel-8 HARQ-ACK multiplexing and Rel-10 PUCCH format 1b with channel selection cannot be used together with TDD UL-DL configuration 5. Given the DL throughput loss due to HARQ-ACK spatial bundling and the fact that configuration 5 is shown to improve the DL packet throughput for TDD eIMTA, we have a preference not to support  Rel-8 HARQ-ACK multiplexing and Rel-10 PUCCH format 1b with channel selection for TDD eIMTA.
Proposal 2: Rel-8 HARQ-ACK multiplexing and Rel-10 PUCCH format 1b with channel selection cannot be used in combination with TDD eIMTA, when the UE is configured with one serving cell.
PUCCH format 3 has the largest HARQ-ACK payload size. For UEs configured with one serving cell, HARQ-ACK bundling is not performed. Hence, PUCCH format 3 is ideal for the use case of TDD eIMTA which targets packet throughput increase. It shall be noted that in Rel-10/11, PUCCH format 3 is mandatory for TDD UEs when DL CA is supported by the UE, in which case PUCCH format 3 can be configured for such DL CA-capable UEs even when configured with one serving cell. Since it is possible for a UE to support TDD eIMTA while not supporting DL CA, it is preferable that PUCCH format 3 is supported by all TDD eIMTA-capable UEs.
Proposal 3: PUCCH format 3 can be used in combination with TDD eIMTA when the UE is configured with one serving cell, and PUCCH format 3 is supported for all TDD eIMTA capable UEs.

3.2 For UEs configured with more than one serving cell
Rel-10 PUCCH format 1b with channel selection can be used if the UE is configured with two serving cells. Given that the DL reference configurations for TDD eIMTA are configurations {2, 4, 5} and Rel-10 PUCCH format 1b with channel selection is not supported for configuration 5, only the bundling widow size of 4 needs to be considered for Rel-10 PUCCH format 1b with channel selection in combination with TDD eIMTA. For bundling window size of 4, both spatial and time domain HARQ-ACK bundling is necessary for Rel-10 PUCCH format 1b with channel selection, which leads to DL throughput loss. Hence, we prefer not to support Rel-10 PUCCH format 1b with channel selection for TDD eIMTA.
Proposal 4: Rel-10 PUCCH format 1b with channel selection cannot be used in combination with TDD eIMTA, when the UE is configured with more than one serving cell.

Similar to the case for UEs configured with one serving cell, PUCCH format 3 provides the largest HARQ-ACK payload size for UEs configured with more than one serving cells. It is noted that for TDD UL-DL configurations {2, 4} and UEs configured with two serving cells (the only use case of Rel-10 PUCCH format 1b with channel selection for UEs configured with more than one serving cell), no HARQ-ACK bundling is applied for PUCCH format 3. It is also noted that PUCCH format 3 can support more than two configured serving cells (with HARQ-ACK spatial bundling is the number of HARQ-ACK bits exceed 20), although the number of aggregated serving cells is limited to two for PUCCH format 3 if configuration 5 is used. With these considerations, we have the following proposal:
Proposal 5: PUCCH format 3 can be used in combination with TDD eIMTA when the UE is configured with more than one serving cell.
4 PUCCH resource allocation for TDD eIMTA
In this section, we discuss the PUCCH format 3 resource allocation for TDD eIMTA. The Rel-10/11 UE behaviors when PUCCH format 3 is configured can be summarized as following. 

· Rel-10/11 UE behavior 1: If a UE only receives PDSCH on PCell according to a PDCCH/EPDCCH with DAI = 1 or a PDCCH/EPDCCH indicating downlink SPS release with DAI =1, the UE shall use the implicit PUCCH format 1a/1b resource corresponding to the PDCCH/EPDCCH for HARQ-ACK feedback

· Rel-10/11 UE behavior 2: If a UE only receives SPS PDSCH on the PCell, the UE shall use the higher layer configured SPS PUCCH format 1a/b resource for HARQ-ACK feedback

· Rel-10/11 UE behavior 3: If a UE only receives SPS PDSCH and an additional PDSCH on PCell according to a PDCCH/EPDCCH with DAI = 1 or an additional PDCCH/EPDCCH indicating downlink SPS release with DAI =1, the UE shall use higher layer configured SPS PUCCH format 1a/1b resource and the implicit PUCCH format 1a/1b resource corresponding to the PDCCH/EPDCCH for HARQ-ACK feedback, and PUCCH format 1b with channel selection is used.

· Rel-10/11 UE behavior 4: If a UE receives PDSCH only on PCell according to a PDCCH/EPDCCH with DAI > 1 or a PDCCH/EPDCCH indicating downlink SPS release with DAI > 1, the TPC field in that PDCCH/EPDCCH is used as ARI to indicate a PUCCH format 3 resource for HARQ-ACK feedback.

· Rel-10/11 UE behavior 5: If a UE receives PDSCH on SCell, the TPC field in that DL grant is used as ARI to indicate a PUCCH format 3 resource for HARQ-ACK feedback.

Although it has not been formally agreed, it is reasonable to assume that TDD eIMTA can be enabled/disabled individually for each serving cell for a UE. Since PUCCH is transmitted on PCell only, it is necessary to discuss the two separate cases: 1) TDD eIMTA is not enabled on the PCell but is enabled on at least one SCell; and 2) TDD eIMTA is enabled on the PCell.
For case 1) TDD eIMTA is not enabled on the PCell but is enabled on at least one SCell, when PUCCH format 3 is configured as the HARQ-ACK transmission scheme, then the Rel-10/11 design can be directly reused, including all above UE behaviors. Therefore:
Proposal 6: 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.
For case 2) TDD eIMTA is enabled on the PCell, since the DL reference UL-DL configuration on the PCell can be different from the SIB-1 UL-DL configuration on the PCell, some specification changes are required. Tables – 4 list the DL association set for DL HARQ-ACK feedback, according to the combination of DL reference configurations for TDD eIMTA and the PCell SIB-1 UL-DL configuration. The “black” numbers indicate that implicit PUCCH format 1a/1b resource already exists for the subframe according to the PCell SIB-1 UL-DL configuration, and the “red” numbers indicate otherwise. For simplicity, for each combination of DL reference configurations for TDD eIMTA and the PCell SIB-1 UL-DL configuration, the set of “black” numbers is denoted as set K1 and the set of “red” number are denoted as K2. In the following, we describe the PUCCH format 3 UE behavior in case TDD eIMTA is enabled on the PCell.
Proposal 7: If TDD eIMTA is enabled on the PCell, the following UE behaviors for HARQ-ACK feedback when PUCCH format 3 is configured are supported:

· Rel-12 UE behavior 1: If a UE receives PDSCH or a PDCCH/EPDCCH indicating downlink SPS release only on PCell and only in subframes of set K1, then the UE adopts PUCCH format 1a/1b for HARQ-ACK feedback if size of set K1 is 1, and adopts Rel-10 PUCCH format 1b with channel selection for HARQ-ACK feedback if size of set K1 is 2, 3, or 4. Implicit PUCCH format 1a/1b resources are derived according to the PDCCH/EPDCCH transmitted in the subframes of set K1. For SPS PDSCH received in a subframe of set K1, the higher layer configured SPS PUCCH format 1a/1b resource shall be used for that subframe.
· Rel-12 UE behavior 2: If a UE receives PDSCH or a PDCCH/EPDCCH indicating downlink SPS release only on PCell and only in subframes of set K1, if the size of set K1 is 1, 2 or 3,  and an additional SPS PDSCH without PDCCH is received in a subframe of set K2, then Rel-10 PUCCH format 1a/1b with channel selection shall be used for HARQ-ACK feedback. Implicit PUCCH format 1a/1b resources are derived according to the PDCCH/EPDCCH transmitted in the subframes of set K1. For SPS PDSCH received in a subframe of set K2, the higher layer configured SPS PUCCH format 1a/1b resource shall be used for that subframe.

· Rel-12 UE behavior 3: If a UE receives PDSCH only on PCell and receives DL grant in at least one subframe of set K2, or a PDCCH/EPDCCH indicating downlink SPS release in at least one subframe of set K2, then the UE shall use PUCCH format 3 for HARQ-ACK feedback. The TPC field in the PDCCH/EPDCCH transmitted in subframes of set K2 shall be used as ARI to indicate the PUCCH format 3 resource. The UE shall assume the same ARI value in all DL grants transmitted in subframes of set K2.

· Rel-12 UE behavior 4: If a UE receives PDSCH on a SCell, then the UE shall use PUCCH format 3 for HARQ-ACK feedback. The TPC field in the DL grant for PDSCH on SCell shall be used as ARI to indicate the PUCCH format 3 resource. The UE shall assume the same ARI value in all DL grants for PDSCH on SCell. In case the UE also receives PDSCH or DL grant in subframes of set K2 on PCell, the UE shall assume the same ARI value in all DL grants transmitted in subframes of set K2, and equal that of ARI in all DL grant for PDSCH on SCell.

· Note: The set of “black” numbers in Tables 2 – 4 is denoted as set K1 and the set of “red” number in Tables 2 – 4 are denoted as K2.

Table 2: DL reference configuration 5 for TDD eIMTA on PCell

	UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 13, 12, 9, 8, 7, 5, 4, 11
	-
	-
	-
	-
	-
	-
	-

	1
	-
	-
	7, 6, 13, 12, 9, 8, 5, 4, 11
	-
	-
	-
	-
	-
	-
	-

	2
	-
	-
	8, 7, 4, 6, 13, 12, 9, 5, 11
	-
	-
	-
	-
	-
	-
	-

	3
	-
	-
	7, 6, 11, 13, 12, 9, 8, 5, 4
	-
	-
	-
	-
	-
	-
	-

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

	5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

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


Note: It is assumed that DL reference configuration 5 is not supported for PCell SIB-1 configuration {5}.
Table 3: DL reference configuration 2 for TDD eIMTA on PCell

	UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 8, 7, 4
	-
	-
	-
	-
	6, 8, 7, 4
	-
	-

	1
	-
	-
	7, 6, 8, 4
	-
	-
	-
	-
	7, 6, 8, 4
	-
	-

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

	3
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

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


Note: It is assumed that DL reference configuration 2 is not supported for PCell SIB-1 configurations {3, 4, 5}.
Table 4: DL reference configuration 4 for TDD eIMTA on PCell

	UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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

	1
	-
	-
	7, 12, 8, 11
	4, 6, 5, 7
	-
	-
	-
	-
	-
	-

	2
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	3
	-
	-
	7, 11, 12, 8
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

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

	5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7, 6, 5, 4
	7, 6, 5, 4
	-
	-
	-
	-
	-
	-


Note: It is assumed that DL reference configuration 4 is not supported for PCell SIB-1 configurations {2, 5}.
The following effects or implications can be derived based on the above three Rel-12 UE behaviors:

· No additional implicit PUCCH format 1a/1b resources need to be reserved for the subframes of set K2 on the PCell. This is one of the main merits of the above proposed UE behavior.
· TPC field of DL grant for PDSCH on PCell received in subframes of set K2 on PCell is used as ARI. Hence PUCCH power control command can only be issued in subframes of set K1. Considering TDD eIMTA is applicable for small cells and UEs are of low mobility, such restriction on PUCCH TPC seems acceptable.

· For an uplink subframe with size of set K1 of 4, SPS PDSCH can only be scheduled in subframes of set K1. Given that the number of UEs in a small cell is limited, this restriction seems also acceptable.
5 Conclusions
In this contribution, we discuss the PUCCH for TDD eIMTA. The following proposals are made:
Proposal 1: Rel-8 HARQ-ACK bundling cannot be used in combination for TDD eIMTA, when the UE is configured with one serving cell.

Proposal 2: Rel-8 HARQ-ACK multiplexing and Rel-10 PUCCH format 1b with channel selection cannot be used in combination with TDD eIMTA, when the UE is configured with one serving cell.

Proposal 3: PUCCH format 3 can be used in combination with TDD eIMTA when the UE is configured with one serving cell, and PUCCH format 3 is supported for all TDD eIMTA capable UEs.

Proposal 4: Rel-10 PUCCH format 1b with channel selection cannot be used in combination with TDD eIMTA, when the UE is configured with more than one serving cell.

Proposal 5: PUCCH format 3 can be used in combination with TDD eIMTA when the UE is configured with more than one serving cell.

Proposal 6: 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.

Proposal 7: If TDD eIMTA is enabled on the PCell, the following UE behaviors for HARQ-ACK feedback when PUCCH format 3 is configured are supported:

· Rel-12 UE behavior 1: If a UE receives PDSCH or a PDCCH/EPDCCH indicating downlink SPS release only on PCell and only in subframes of set K1, then the UE adopts PUCCH format 1a/1b for HARQ-ACK feedback if size of set K1 is 1, and adopts Rel-10 PUCCH format 1b with channel selection for HARQ-ACK feedback if size of set K1 is 2, 3, or 4. Implicit PUCCH format 1a/1b resources are derived according to the PDCCH/EPDCCH transmitted in the subframes of set K1. For SPS PDSCH received in a subframe of set K1, the higher layer configured SPS PUCCH format 1a/1b resource shall be used for that subframe.

· Rel-12 UE behavior 2: If a UE receives PDSCH or a PDCCH/EPDCCH indicating downlink SPS release only on PCell and only in subframes of set K1, if the size of set K1 is 1, 2 or 3,  and an additional SPS PDSCH without PDCCH is received in a subframe of set K2, then Rel-10 PUCCH format 1a/1b with channel selection shall be used for HARQ-ACK feedback. Implicit PUCCH format 1a/1b resources are derived according to the PDCCH/EPDCCH transmitted in the subframes of set K1. For SPS PDSCH received in a subframe of set K2, the higher layer configured SPS PUCCH format 1a/1b resource shall be used for that subframe.

· Rel-12 UE behavior 3: If a UE receives PDSCH only on PCell and receives DL grant in at least one subframe of set K2, or a PDCCH/EPDCCH indicating downlink SPS release in at least one subframe of set K2, then the UE shall use PUCCH format 3 for HARQ-ACK feedback. The TPC field in the PDCCH/EPDCCH transmitted in subframes of set K2 shall be used as ARI to indicate the PUCCH format 3 resource. The UE shall assume the same ARI value in all DL grants transmitted in subframes of set K2.

· Rel-12 UE behavior 4: If a UE receives PDSCH on a SCell, then the UE shall use PUCCH format 3 for HARQ-ACK feedback. The TPC field in the DL grant for PDSCH on SCell shall be used as ARI to indicate the PUCCH format 3 resource. The UE shall assume the same ARI value in all DL grants for PDSCH on SCell. In case the UE also receives PDSCH or DL grant in subframes of set K2 on PCell, the UE shall assume the same ARI value in all DL grants transmitted in subframes of set K2, and equal that of ARI in all DL grant for PDSCH on SCell.

· Note: The set of “black” numbers in Tables 2 – 4 is denoted as set K1 and the set of “red” number in Tables 2 – 4 are denoted as K2.
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