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1. Introduction
One of the objectives of TDD-eIMTA Work Item is to specify the necessary enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g. HARQ/scheduling timeline, while maintaining backwards compatibility and performance of both legacy UEs and UEs supporting flexible UL-DL reconfiguration [1]. In this contribution we discuss issues related to HARQ-ACK feedback on PUCCH. We focus on the following questions being discussed in the email reflector:

· Q4: Are there any specification changes required on PUCCH resource allocation for HARQ-ACK bundling, for a UE configured with TDD eIMTA? If yes, provide the details.

· Q5: Are there any specification changes required on PUCCH resource allocation for PUCCH format 1b with channel selection (Rel-8 and/or Rel-10 mapping tables), for a UE configured with TDD eIMTA? If yes, provide the details.

· Q6: Are there any specification changes required on PUCCH resource allocation for PUCCH format 3, for a UE configured with TDD eIMTA? If yes, provide the details.

In addition to the questions, we provide a detailed proposal for implicit resource allocation covering both PDCCH and EPDCCH -cases.
2. Discussion 
First of all, we note that existing resource allocation rules can be used as such for a UE configured with PUCCH Format 3. Hence, the resource allocation discussion is related to PUCCH Format 1a/1b –based methods. 
Current TDD LTE supports both implicit and explicit resource allocation in various PUCCH Format 1a/1b cases (Channel selection, PUCCH Format 1b fallback for UEs configured with PUCCH Format 3, separate cases with PDCCH and EPDCCH based scheduling, carrier aggregation, UL SU-MIMO). The question is what options are needed with eIMTA?

In general, we do not know yet what will be the scenarios utilizing eIMTA and it is not certain that those are limited to small cells. For example, it is possible to apply eIMTA signaling framework as a backwards compatible TDD-NCT in macro cellular environment. Hence, it would be beneficial to support all options seen as necessary in earlier releases also with eIMTA.
It should be noted that implicit resource allocation relates not only to HARQ-ACK bundling or channel selection, but also to fallback solutions behind Format 3. Hence, it’s involved in all PUCCH scenarios in eIMTA. Another issue to consider with eIMTA is that considerable amount of PUCCH Format 1a/1b resources are reserved already due to legacy UEs operating according to SIB1 signaled UL-DL configuration. In order to minimize the PUCCH overhead, it makes sense to reuse the existing HARQ-ACK resource as much as possible. 

Finally, it is noted that UL control channel overhead might be an issue in at least some eIMTA configurations. For example, when having DL reference configuration #5 (which is a typical configuration in eIMTA), HARQ-ACK needs to be conveyed via single UL subframe (i.e. subframe #2), which contains already HARQ-ACK resources for legacy UEs (corresponding to up-to four subframes). In addition to HARQ-ACK, PUCCH resources are needed also for periodic CQI and SR. High PUCCH overhead may limit the usage of DL heavy configurations and thereby has negative impact on both UL and DL performance. Based on these arguments, we make the following proposal:

Proposal #1: Implicit PUCCH Format 1a/1b resource allocation needs to be supported for UEs configured to eIMTA mode.
3. Implicit resource allocation for PUCCH Format 1a/1b 
The main issue related to implicit PUCCH Format 1a/1b resource allocation for eIMTA relates to coexistence with legacy UEs. It has been proposed e.g. in [1], to renumber the DL association set indexes defined in Table 10.1.3.1-1 of 36.213 to achieve a shared or at least partly collision-free PUCCH region for eIMTA UEs and legacy UEs. This is a straightforward solution and results in small overhead since legacy UEs and eIMTA UEs can share (some of the) PUCCH Format 1a/1b space. 
Table 1 shows an example of the baseline situation following Rel-8 resource allocation for both legacy UEs (following SIB-1 UL-DL configuration #1) and eIMTA UEs (following DL reference configuration #5). Table 2 shows an example of the solution with renumbered the DL association set indexes for eIMTA UEs.
Table 1: Downlink association set index
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, UL reference configuration =1, DL reference configuration=5, PDCCH occupies one OFDMA symbol, (collision free PUCCH, PUCCH with collision) 
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1 (UL-reference conf.)
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	5 (DL reference conf.)
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-


Table 2: Downlink association set index
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, for eIMTA UE, UL reference configuration =1, DL reference configuration=5, PDCCH occupies one OFDMA symbol, (collision free PUCCH, PUCCH with collision)
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1 (UL-reference conf.)
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	5 (DL reference conf.)
	-
	-
	7, 6, 13, 12, 8, 11, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-


Proposal #2: Provide a shared collision-free PUCCH region for eIMTA UEs and legacy UEs. 

A specific problem with implicit resource allocation relates to block interleaving, which needs to be taken into account in the cases when there are more than one OFDMA symbols carrying PDCCH. An example of the problem is shown in Table 3 (PDCCH occupies two OFDMA symbols). While block interleaving is clearly beneficial from the legacy UE point of view, it imposes certain challenges with respect to eIMTA UEs. If the existing block interleaving was applied as such for eIMTA UEs, there would inevitably be resource collisions at least for PUCCH resources corresponding to the 2nd and 3rd PDCCH OFDM symbols. Therefore, there is a need to consider more advanced resource allocation methods avoiding resource collisions or excessive PUCCH overhead.  
Table 3: Downlink association set index
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 for eIMTA UE, UL reference configuration =1, DL reference configuration=5, PDCCH occupies two OFDMA symbols, (collision free, collision) 
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1 (UL-reference conf.)
	-
	-
	7, 6 7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	5 (DL reference conf.)
	-
	-
	7, 6, 13, 12, 8, 11, 4, 9, 5, 7, 6, 13, 12, 8, 11, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-


In order to mitigate problems due to block interleaving, we propose to divide downlink subframes of the HARQ-ACK bundling window into two groups for the purpose of resource allocation. We call these groups as Group A, and Group B. 

· The Group A includes subframes defined as DL or special subframes by DL HARQ reference configuration, and that are associated with the same UL subframe as the SIB-1 configured DL or special subframes with the same index

· The Group B includes other DL or flexible subframes according to DL HARQ reference configuration.
Instead of a single downlink association set table (i.e. Table 10.1.3.1-1 in TS 36.213), two tables are defined. The Downlink association set tables for different DL subframes belonging to Group A and Group B, are presented in Table 5 and Table 6, respectively. The ordering of the DL subframes is the following: 
1. Subframes overlapping with DL association set of SIB-1 (Group A)
2. Other fixed DL subframes (Group B)
3. Flexible subframes. (Group B)
With this principle, the PUCCH resources do not need to be dimensioned according to the maximum number of HARQ-ACK resources as the unoccupied resources will automatically appear in the end of the PUCCH region. This ensures that:
· The smaller number of DL subframes in the selected UL-DL configuration, the smaller number of resources needed for PUCCH
· The unoccupied PUCCH resources can be used for PUSCH.
Note that some of the entries in Table 5 and in brackets, such as (6). This represents a case when there exist subframe indexes in the DL association set corresponding to SIB-1 UL-DL configuration, which are not present in DL association set corresponding to the DL reference UL-DL configuration. In this case, and eIMTA UE needs to reserve the PUCCH resources for the subframe indicated in the brackets, but must not map any HARQ-ACK onto those resources to avoid resource collisions.
Proposal #3: Define two downlink association set tables, one for fixed (legacy) subframes for which the HARQ-ACK timing is the same for eIMTA and legacy UEs and another for flexible subframes. 

Starting point offset for Group B

In order to mitigate resource collisions between legacy and eIMTA UEs, implicit resource allocation principles need to be modified. Separate PUCCH regions are defined for legacy (i.e. Group A) and other DL subframes (i.e. Group B), respectively, when eIMTA is operated. This is achieved by one further term representing the starting point offset for resources corresponding to flexible subframes. In the resource allocation formula defining the PUCCH resource for HARQ-ACK, one further term representing the starting point offset for Group B resources is added:
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This term is needed neither in the case of Group A nor in the case when scheduling is made using EPDCCH. 

The new offset term NGroupB can be defined in various ways:

· it can be an integer variable configured via higher layers

· it can be determined based on the bundling window size of Group A (MA), number of control channel elements per PDCCH OFDM symbol (Nc) and an assumption on the CFI for the Group A subframes, e.g.

NGroupB = MA * Nc * NCFI,   where 

NCFI = represents the CFI assumed when calculating the starting offset of Group B subframes, and is signalled via higher layers.
Proposal #4: Provide one further term representing the starting point offset for resources corresponding to flexible subframes in the resource allocation formula defining the PUCCH resource for HARQ-ACK. This term is not needed in the case when scheduling is made using EPDCCH. 

An example of proposed approach representing the case with CFI=2 OFDMA symbols is shown in Table 4.

Table 1: Downlink association set index
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 for eIMTA UE, UL reference configuration =1, DL reference configuration=5, CFI=2, (collision free, collision) 
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1 (UL-reference conf.)
	-
	-
	7, 6, 7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	5 (DL reference conf.)
	-
	-
	7, 6, 7, 6, 13, 12, 8, 11, 4, 9, 5, 13, 12, 8, 11, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-


Table 5. eIMTA Downlink association set 
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 for PUCCH resource allocation for Group A Downlink subframes.
	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
	-
	-
	(6)
	-
	-
	-
	-
	-
	-
	-

	
	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
	-
	-
	-
	-
	-
	-
	-


Table 6. eIMTA Downlink association set 
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 for PUCCH resource allocation for Group B Downlink subframes.
	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
	-
	-
	-
	-
	6, 8, 4
	-
	-

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

	
	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
	-
	-
	-
	-
	-
	-
	-


4. Conclusions

In this contribution we have discussed issues related to HARQ-ACK resource allocation on PUCCH. Based on the discussion, we make the following proposals:
Proposal #1: Implicit PUCCH Format 1a/1b resource allocation needs to be supported for UEs configured to eIMTA mode.

Proposal #2: Provide a shared collision-free PUCCH region for eIMTA UEs and legacy UEs. 

Proposal #3: Define two downlink association set tables, one for fixed (legacy) subframes for which the HARQ-ACK timing is the same for eIMTA and legacy UEs and another for flexible subframes. 

Proposal #4: Provide one further term representing the starting point offset for resources corresponding to flexible subframes in the resource allocation formula defining the PUCCH resource for HARQ-ACK. This term is not needed in the case when scheduling is made using EPDCCH.
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