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1. Introduction

In the RAN1 #75 meeting, remaining issues for Rel-12 eIMTA were summarized as the following [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 resource collision issue
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.
If PUCCH resource for PUCCH format 1a/1b is implicitly determined by the DL HARQ reference configuration, PUCCH resource collision may occur between legacy UEs and eIMTA UEs. For instance, assume configuration #1 and #4 are configured on an eIMTA cell as SIB1 configuration and DL-reference UL-DL configuration respectively. Figure 1 shows the PUCCH resource mapping of legacy UEs in subframe #3. According to SIB1 configuration, DL association set for subframe #3 consists of only subframe #9, and the PUCCH resource region corresponding to each PDCCH OFDM symbol in subframe #9 is reserved in subframe #3. Figure 2 shows the implicit resource mapping in subframe #3 for eIMTA UEs if the legacy block interleaving is applied to DL association sets based on DL-reference configuration #4. 
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Figure 1. PUCCH resources for legacy UEs in subframe #3 based onSIB1 configuration #1
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Figure 2. PUCCH resource linked to PDCCH in subframe #3 based on DL-reference configuration #4 
Obviously, the PUCCH resource indices of eIMTA UEs will collide with those of legacy UEs. So far, quite a few contributions discussed this issue [2-7]. To resolve PUCCH resource collision issues, new PUCCH resource allocation methods should be defined for eIMTA UEs considering both SIB1 and DL HARQ reference configurations. 

Observation:
· Some specification change is needed to avoid PUCCH resource collision between eIMTA UEs and legacy UEs.

2.2. Considerations for PUCCH resource allocation in eIMTA
To improve PUCCH resource efficiency, PUCCH resources for legacy UEs should be shared with eIMTA UEs with the minimum specification impact. Thus, for the subframes which are shared with legacy UEs, i.e. the DL/special subframes that are common in the association sets of SIB1 configuration and the DL-reference configuration, PUCCH resource should be determined in the same way as Rel-8 through Rel-10.
Therefore, to avoid implicit PUCCH resource collision, a separate block interleaver should be applied for the PUCCH resources shared with the legacy UEs. The PUCCH resources associated to DL subframes shared by legacy and eIMTA UEs should be the same as legacy UEs. Thus, the legacy PUCCH resources can be used as much as possible to reduce PUCCH resource overhead for eIMTA-enabled UEs. Furthermore, this scheme can achieve backwards compatibility, and presents good robustness through the fallback operation since the same PUCCH resources are implicitly mapped to the DL/special subframes of SIB1 configuration. 
Proposal 1:
· PUCCH resources for legacy UEs should be shared with eIMTA UEs.
· Dynamic PUCCH resources having the lowest indices should be linked from the DL subframes of the SIB1 UL/DL configuration in the same way as legacy method.
Another issue on dynamic PUCCH resource allocation for eIMTA is the order of subframes in the DL association set. In the legacy DL association set (Table 1), the special subframes are put at the end of each DL subframe set because the likelihood is lower for a special subframe being used for PDSCH transmission. Similarly, for an eIMTA cell, the likelihood of each subframe being a DL subframe should be further considered. More specifically, while PUCCH resources need to be reserved for fixed DL subframes, PUCCH resource is needed for a flexible subframe only if the flexible subframe is configured as a DL or special subframe. 
Taking UL resource utilization into account, a new order of subframes in each DL association set should be considered. Especially for the EPDCCH case it affects the size of the PUCCH resource pool, since the block interleaving is not applied. Figure 3(a) and 3(b) show the reserved PUCCH resources linked to EPDCCH with the legacy order and a new order respectively. In 3(a), the amount of reserved PUCCH resources is fixed regardless of the actual configuration of the flexible subframes. In contrast with 3(b), a dynamic PUCCH resource pool can be decreased by half when the flexible subframes are used as UL subframes. For PDCCH, the new order of DL association set also provides UL resource utilization gain although the improvement is not as significant as in the EPDCCH case. 
Therefore, the same order should be used for PUCCH resource allocation linked to both PDCCH and EPDCCH, i.e. dynamic PUCCH resources having the lowest indices should be shared with legacy UEs, and then, for DL subframes not shared with the legacy UEs, fixed DL subframes should be linked to lower indices, and flexible subframes should be linked to higher indices of additional PUCCH resources allocated for eIMTA UEs.
Proposal 2:
· For dynamic PUCCH resource allocation, the likelihood of each subframe being a DL subframe should be taken into account.

· For DL subframes not shared with the legacy UEs, fixed DL subframes should be linked to lower indices, and flexible subframes should be linked to higher indices of additional PUCCH resources allocated for eIMTA UEs.
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Figure 3. PUCCH resources linked from EPDCCH based on DL reference UL-DL configuration #4 (subframe #3).

3. Conclusion
In this contribution, we make the following observation:

Observation:
· Some specification change is needed to avoid PUCCH resource collision between eIMTA UEs and legacy UEs.

In addition, we propose:
Proposal 1:
· PUCCH resources for legacy UEs should be shared with eIMTA UEs.

· Dynamic PUCCH resources having the lowest indices should be linked from the DL subframes of the SIB1 UL/DL configuration in the same way as legacy method.
Proposal 2:
· For dynamic PUCCH resource allocation, the likelihood of each subframe being a DL subframe should be taken into account.

· For DL subframes not shared with the legacy UEs, fixed DL subframes should be linked to lower indices, and flexible subframes should be linked to higher indices of additional PUCCH resources allocated for eIMTA UEs.
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Conclusion:


FFS at least the following issues:


Supported PUCCH format(s) for eIMTA enabled UEs and for the supported PUCCH format(s), the corresponding design details. Potential PUCCH formats include:


ACK/NAK bundling


PUCCH format 1b with channel selection


PUCCH format 3


Whether or not to standardize solutions resolving PUCCH resource collision issues, and if so, detailed solutions


HARQ-ACK on PUSCH related issues (e.g., DAI handling, ACK/NAK payload size, etc.)


For UEs configured with eIMTA and CA, how to handle the case when two or more CCs have different HARQ reference configurations for both DL and UL
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