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1. Introduction

In the RAN1 #74bis meeting, PUCCH resource is raised by [1]. In this contribution, we share our views on PUCCH resource for PUCCH format 1a/1b. 
2. Discussion
Up to Rel-11, PUCCH resource for PUCCH format 1a/1b is implicitly determined according to the SIB1 TDD UL-DL configurations. However, in an eIMTA system, UL subframes in SIB1 UL-DL configuration can be changed to DL subframes in a dynamic manner. In the last meeting, quite a few contributions discussed this issue. However, PUCCH resource is not decided yet. Therefore, PUCCH resource allocation should be defined for finalization of eIMTA discussions. 

In our view, PUCCH resource should be implicitly determined, and it is preferable that PUCCH resource is shared between legacy UEs and eIMTA-enabled UEs to minimize specification impact. Straightforwardly, PUCCH resource for PUCCH format 1a/1b is implicitly determined by DL HARQ reference 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
	-


Following this table, Figure 1 shows an example of the implicit resource mapping in subframe #3 under DL HARQ reference configuration #4.
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Figure 1. An example of PUCCH resource based on DL HARQ reference configuration #4.
As shown in this figure, if no legacy UE is in an eIMTA cell, the DL association set can be reused based on the DL HARQ configuration. However, if at least one legacy UE exists in the cell, PUCCH resource collision can occur. Figure 2 shows the PUCCH resource mapping of legacy UEs. As we can see in this figure, PUCCH resource indices of legacy UEs collide with those of eIMTA-enabled UEs (shown in Figure 1). Therefore, it is not sufficient that DL association set is followed by DL HARQ reference configuration.
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Figure 2. PUCCH resource for SIB1 configuration (configuration #1).
To solve implicit PUCCH resource mapping issue, a separate block interleaver for PUCCH resource indices should be applied. 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. This scheme can achieve backward compatibility, and presents good robustness through the fallback operation. 
Proposal 1:
· PUCCH resources for legacy UEs should be shared with eIMTA UEs.
Based on the above discussion, the part of PUCCH resources that is shared by legacy UEs and eIMTA UEs should be derived implicitly. Thus, it is natural that the other part of PUCCH resources, the resources that are exclusively used by eIMTA UEs, is also implicitly determined from a CCE index. As the actual amount of UL resources reserved for PUCCH is determined by the existing PUCCH resource with the highest PUCCH index, in order to achieve a high efficiency implicit mechanism it is important to consider the probability of a given PUCCH resource to be actually required. Although the distribution of the PUCCH resources is only affected by the CFI in legacy systems, an eIMTA system has the added variable of subframes that can be used for UL or DL in any given radio frame. Hence, the likelihood of each subframe being a DL subframe should be considered as well for an eIMTA system. Figure 3 shows the concept for PUCCH resource mapping to share PUCCH resources with legacy UEs while avoiding PUCCH resource collision with legacy UEs considering the likelihood of each subframe being a DL subframe. In the figure, the order in which the PUCCH resources are mapped has been changed from Figure 1 to reflect the likelihood consideration.
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Figure 3. Implicit PUCCH resources for eIMTA-enabled UEs when legacy UEs are present.
Proposal 2:
· For eIMTA UEs, implicit PUCCH resource mapping should be applied.

· The likelihood of each subframe being a DL subframe should be taken into account.

Next, we consider three solutions for DL subframes with different associations from those of legacy UEs. 
· Solution (a): PUCCH resource indices related to PUCCH resources other than the shared PUCCH resources are block-interleaved. 
· Solution (b): PUCCH resource indices for fixed DL and flexible DL are separately block-interleaved. 
· Solution (c): block-interleaving is not applied in the PUCCH region that is only used by eIMTA UEs. 
Solution (a) achieves the highest PUCCH resource compression gain if the number of OFDM symbols for PDCCH transmission is small, but it results in much unnecessary overhead when the flexible subframes are used for UL and the number of OFDM symbols for PDCCH is large in the fixed subframes. On the contrary, solution (c) shows some advantage when flexible subframes are used for UL transmission, but is not very efficient when the number of OFDM symbols for PDCCH is small. Solution (b) stands in the middle, yielding good gains in most situations. Hence, we slightly prefer solution (b).
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Figure 4. Three solutions for implicit PUCCH resource mapping for eIMTA-enabled UEs.
Observation:
· For DL subframes having different association from those for legacy UEs,
· Solution (a): PUCCH resource indices related to PUCCH resources other than the shared PUCCH resource are block-interleaved.
· Solution (b): PUCCH resource indices for fixed DL and flexible DL are separately block-interleaved.
· Solution (c): Block-interleaving is not applied in the PUCCH region that is only used by eIMTA UEs.
3. Conclusion
In this contribution, we propose
Proposal 1:
· PUCCH resources for legacy UEs should be shared with eIMTA UEs.
Proposal 2:
· For eIMTA UEs, implicit PUCCH resource mapping should be applied.

· The likelihood of each subframe being a DL subframe should be taken into account.

Furthermore, we made the following observation,
Observation:
· For DL subframes having different association from those for legacy UEs,
· Solution (a): The PUCCH resources indices related to PUCCH resources other than the shared PUCCH resource are block-interleaved.
· Solution (b): PUCCH resource indices for fixed DL and flexible DL are separately block-interleaved.
· Solution (c): Block-interleaving is not applied in the PUCCH region that is only used by eIMTA UEs.
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