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1 Introduction
In R1-141026, the UE behavior for PUCCH format 3 in case of eIMTA is configured on the PCell is proposed. This contribution further discusses the details of this topic.
2 Background on UE behavior for Rel-10/11 PUCCH Format 3
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.

3 Proposed UE behavior for Rel-10/11 PUCCH Format 3 in case eIMTA is enabled on the PCell
For the case when 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 1 – 3 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: 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 1 – 3 is denoted as set K1 and the set of “red” number in Tables 1 – 3 are denoted as K2. 
Table 1: 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 2: 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 3: 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}.
4 Benefits and drawbacks of the proposal in section 3
The main benefit of the proposal in section 3 is that implicit PUCCH format 1a/1b resource does not need to be reserved for the flexible subframes (i.e. the subframes in set K2 as shown in Tables 1 – 3) if all eIMTA UEs in the serving cell are configured with PUCCH format 3 for HARQ-ACK feedback. The benefit of the proposal in terms of overhead saving for implicit PUCCH format 1a/1b resource is shown in Tables 4 – 6, with the following assumptions:

· System bandwidth of 20MHz 
· PHICH 
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· 2 CRS antenna ports
· 18 PUCCH format 1a/1b resources per PRB pair, i.e. 
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Table 4: DL reference configuration 5 for TDD eIMTA on PCell
	PCell Config
	# of PDCCH OFDM symbol
	# of 1a/1b  resource for flexible subframes
	# of PRBs for 1a/1b resource for flexible subframes
	Overhead of 1a/1b resource for flexible subframes per subframe carrying HARQ-ACK of flexible subframes
	Overhead of 1a/1b resource for flexible subframes per radio frame

	0
	1
	19 * 8 = 152
	152 / 18 = 8.44
	8.44 / 100 = 8.4%
	8.44 / 100 / 6 = 1.41%

	
	2
	52 * 8 = 416
	416 / 18 = 23.11
	23.11 / 100 = 23.1%
	23.11 / 100 / 6 = 3.85%

	1
	1
	19 * 7 = 133
	133 / 18 = 7.39
	7.39 / 100 = 7.4%
	7.39 / 100 / 4 = 1.85%

	
	2
	52 * 7 = 364
	364 / 18 = 20.22
	20.22 / 100 = 20.2%
	20.22 / 100 / 4 = 5.06%

	2
	1
	19 * 5 = 95
	95 / 18 = 5.28
	5.28 / 100 = 5.3%
	5.28 / 100 / 2 = 2.63%

	
	2
	52 * 5 = 260
	260 / 18 = 14.44
	14.44 / 100 = 14.4%
	14.44 / 100 / 2 = 7.22%

	3
	1
	19 * 6 = 114
	114 / 18 = 6.33
	6.33 / 100 = 6.3%
	6.33 / 100 / 3 = 2.11%

	
	2
	52 * 6 = 312
	312 / 18 = 17.33
	17.33 / 100 = 17.3%
	17.33 / 100 / 3 = 5.78%

	4
	1
	19 * 5 = 95
	95 / 18 = 5.28
	5.28 / 100 = 5.3%
	5.28 / 100 / 2 = 2.63%

	
	2
	52 * 5 = 260
	260 / 18 = 14.44
	14.44 / 100 = 14.4%
	14.44 / 100 / 2 = 7.22%

	6
	1
	19 * 8 = 152
	152 / 18 = 8.44
	8.44 / 100 = 8.4%
	8.44 / 100 / 5 = 1.69%

	
	2
	52 * 8 = 416
	416 / 18 = 23.11
	23.11 / 100 = 23.1%
	23.11 / 100 / 5 = 4.62%


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

	PCell Config
	# of PDCCH OFDM symbol
	# of 1a/1b  resource for flexible subframes
	# of PRBs for 1a/1b resource for flexible subframes
	Overhead of 1a/1b resource for flexible subframes per subframe carrying HARQ-ACK of flexible subframes
	Overhead of 1a/1b resource for flexible subframes per radio frame

	0
	1
	19 * 3  = 57
	57 / 18 = 3.17
	3.17 / 100 = 3.2%
	3.17*2 / 100 / 6 = 1.06%

	
	2
	52 * 3 = 156
	156 / 18= 8.67
	8.67 / 100 = 8.7%
	8.67*2 / 100 / 6 = 2.89%

	1
	1
	19 * 2 = 38
	38 / 18 = 2.11
	2.11 / 100 = 2.1%
	2.11*2 / 100 / 4 = 1.06%

	
	2
	52 * 2 = 104
	104 / 18= 5.78
	5.78 / 100 = 5.8%
	5.78*2 / 100 / 4 = 2.89%

	6
	1
	19 * 3  = 57
	57 / 18 = 3.17
	3.17 / 100 = 3.2%
	3.17*2 / 100 / 5 = 1.27%

	
	2
	52 * 3 = 156
	156 / 18= 8.67
	8.67 / 100 = 8.7%
	8.67*2 / 100 / 5 = 3.47%


Table 6: DL reference configuration 4 for TDD eIMTA on PCell
	PCell Config
	# of PDCCH OFDM symbol
	# of 1a/1b  resource for flexible subframes
	# of PRBs for 1a/1b resource for flexible subframes
	Overhead of 1a/1b resource for flexible subframes per subframe carrying HARQ-ACK of flexible subframes
	Overhead of 1a/1b resource for flexible subframes per radio frame

	0
	1
	19 * 4  = 76
	76 / 18 = 4.22
	4.22 / 100 = 4.2%
	4.22*2 / 100 / 6 = 1.41%

	
	2
	52 * 4 = 208
	208/18= 11.56
	11.56 / 100 = 11.6%
	11.56*2/ 100 / 6= 3.81%

	1
	1
	19 * 3  = 57
	57 / 18 = 3.17
	3.17 / 100 = 3.2%
	3.17*2 / 100 / 4 = 1.59%

	
	2
	52 * 3 = 156
	156 / 18= 8.67
	8.67 / 100 = 8.7%
	8.67*2 / 100 / 4 = 4.34%

	3
	1
	19 * 2 = 38
	38 / 18 = 2.11
	2.11 / 100 = 2.1%
	2.11*2 / 100 / 3 = 1.41%

	
	2
	52 * 2 = 104
	104 / 18= 5.78
	5.78 / 100 = 5.8%
	5.78*2 / 100 / 3 = 3.85%

	6
	1
	19 * 3  = 57
	57 / 18 = 3.17
	3.17 / 100 = 3.2%
	3.17*2 / 100 / 5 = 1.27%

	
	2
	52 * 3 = 156
	156 / 18= 8.67
	8.67 / 100 = 8.7%
	8.67*2 / 100 / 5 = 3.47%


Assuming PCell SIB1 configuration is configuration #0, #1, or #6, the above tables show the following:

· For 1 PDCCH OFDM symbol per subframe, the overhead of PUCCH format 1a/1b resource for flexible subframe per subframe carrying HARQ-ACK of flexible subframes ranges from 2.1% to 8.4%.

· For 2 PDCCH OFDM symbols per subframe, the overhead of PUCCH format 1a/1b resource for flexible subframe per subframe carrying HARQ-ACK of flexible subframes ranges from 5.8% to 23.1%.

· For 1 PDCCH OFDM symbol per subframe, the overhead of PUCCH format 1a/1b resource for flexible subframe per radio frame ranges from 1.06% to 1.85%.
· For 2 PDCCH OFDM symbols per subframe, the overhead of PUCCH format 1a/1b resource for flexible subframe per radio frame ranges from 2.89% to 5.06%.
The following implications can be derived based on the proposed UE behaviors in section 3:

· The overhead of implicit PUCCH format 1a/1b for flexible subframe as shown in Tables 4 – 6 can be completely avoided.
· 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 UE behavior for PUCCH format 3 in case eIMTA is configured on the PCell. Given that the proposed UE behavior in section 3 can avoid reserving implicit PUCCH format 1a/1b resources for all flexible subframes, it is proposed to agree on the proposals in section 3.[image: image3.png]
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