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1 Introduction

In the RAN1#74 meeting, it was agreed that the downlink HARQ timing follows a configured TDD UL-DL reference configuration. And in the RAN1#74b meeting, it was agreed that DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}
For LTE TDD system, HARQ-ACK PUCCH resource allocation is related to the TDD UL-DL configuration as implicit PUCCH resource allocation is dependent on the bundling window size (M). eIMTA-enabled UEs will follow the higher layer reference UL-DL configuration for reserving the PUCCH resources. Since the SIB1-indicated UL-DL configuration and the configured DL reference configuration can be different, legacy UEs may utilize a different value of M compared to eIMTA-enabled UEs, which may cause collisions in the resource allocation (i.e., PDCCHs from different subframes may be mapped to the same PUCCH resource). Thus, it needs to be studied how to keep backward compatibility for legacy UEs and how to allocate HARQ-ACK PUCCH resources for eIMTA-enabled UEs. 

In the RAN1#74b meeting, some proposals for PUCCH resource allocation were given [1-7]. In this contribution, we further discuss the possible schemes for HARQ-ACK PUCCH resource allocation and give our proposals.

2 HARQ-ACK PUCCH resource collision
For legacy UEs, implicit PUCCH format 1a/1b resources are allocated according to the SIB1-indicated UL-DL configuration. However, for eIMTA-enabled UEs, implicit PUCCH format 1a/1b resources are allocated according to DL reference HARQ timing. When the SIB1-indicated UL-DL configuration and the configured DL reference configuration are different, PUCCH resource collisions may happen between legacy UEs and eIMTA-enabled UEs. One example is shown in Fig. 1, where UL-DL configuration 0 is used by legacy UEs and UL-DL configuration 2 is used for eIMTA-enabled UE for determining the PUCCH resources. In subframe #2, legacy UEs will reserve PUCCH resources corresponding to subframe #6 (i.e., M=1), whereas eIMTA-enabled UEs will reserve PUCCH resources corresponding to subframes #4, #5, #6 and #8 (i.e., M=4).
Obviously, PUCCH resource collision could happen between legacy UE with PDCCH transmission in DL subframe #6 and eIMTA-enabled UEs with PDCCH transmission in DL subframe #4, #5 and #8. 
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Figure 1.  HARQ-ACK PUCCH resource allocation on UL subframe #2.
Since implicit PUCCH resource for EPDCCH is UE-specifically configured, PUCCH resource collision can be resolved by configuring ARO in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D. 
Therefore, this paper only focuses on PUCCH resource based on PDCCH.

3 Candidate solutions for PUCCH resource reservation
To avoid PUCCH resource collisions, it could be possible to introduce some PDCCH scheduling restrictions for the eNodeB, which would increase the complexity of the eNodeB implementation. This is undesirable and we suggest some candidate solutions for handling the issue in the following sections.

3.1 Separate PUCCH resource regions for legacy UEs and eIMTA-enabled UEs
In order to avoid PUCCH resource collision, a straightforward solution is to reserve disjoint PUCCH resource regions for legacy UEs and eIMTA-enabled UEs respectively. However, this solution will introduce unnecessary PUCCH resource overhead. As shown in Fig. 2, two PUCCH resource regions are reserved for DL subframe #6. If there are 80 CCEs for PDCCH region on DL subframe #6 and 18 PUCCH resources are supported on a PRB, the redundant PUCCH resource overhead is 5 PRBs.
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Figure 2. Separate PUCCH resource regions for legacy UEs and eIMTA-enabled UEs
3.2 New PUCCH resource reservation rule for eIMTA-enabled UEs
The new mapping rule is targeted to reserve one PUCCH resource region for one DL subframe. For DL subframes being common within the bundling windows of legacy UEs and eIMTA-enabled UEs, PUCCH resource regions are reserved according to Rel-8 mapping rule to keep the backward compatibility. As shown in Fig. 3, the PUCCH resource region for DL subframe #6 is shared for legacy UEs and eIMTA-enabled UEs. 
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Figure 3. PUCCH resource reservation is same for common subframe.
For the remaining DL subframes within the bundling window for eIMTA-enabled UEs, new PUCCH resource regions are defined which are interleaved as in Rel-8 and are located next to the legacy PUCCH resource regions. As shown in Fig. 3, PUCCH resource regions for DL subframe #4, #5 and #8 are reserved separately and interleaved by the same scheme of Rel-8. The starting PUCCH resource for the remaining DL subframes can be signaled or predefined.
Compared to the solution in Sec 3.1, this solution provides higher resource utilization. However, some DL subframes indicated by the configured DL reference configuration are not always used for DL transmission, e.g., DL subframe #4 and #8 can be used as UL subframe according to actually used UL-DL configuration. 
Therefore, the PUCCH resource utilization can be further optimized.
3.3 Higher layer signaling assisted PUCCH resource reservation
The PUCCH resource is determined according to the equation 
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as described in [8]. Obviously, the parameter 
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in the equation play an important role to determine the PUCCH region. To efficiently configure PUCCH resource, the parameter 
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 can be configured by higher layer signaling according to the current situation. 
If there are sufficient UL resources, e.g., due to light UL traffic,  the eNodeB can simply configure 
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determines the starting position of PUCCH, to separate the PUCCH resource regions from legacy UEs and eIMTA-enabled UEs as shown in Fig. 2. 
If only EPDCCH is configured in subframe #4 or subframe 4 is used as UL subframe according to actually used UL-DL configuration, the eNodeB can configure
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for subframe #5 and 
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for subframe #8. Thus no PUCCH resource region corresponding to the PDCCH is provided for subframe #4, which is shown in Fig. 4.
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Figure 4. Signaling-assisted PUCCH resource reservation when subframe #4 is configured as UL

If subframe #4 and subframe #8 have high probability to be configured as UL subframe, the eNodeB can configure
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 for subframe #8. 
Thus PUCCH regions for subframe #4 and #8 are reserved as shown in Fig. 5. When subframe #4 and #8 are used as UL subframe, the PUCCH regions for subframe#4 and #8 can be released for PUSCH transmission.
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Figure 5. Separate PUCCH resource regions for fixed DL subframe and flexible DL subframe.
According to above analysis, the higher layer signaling-assisted solution can not only avoid standardizing a lot of complicated mapping rules but also make the PUCCH resource allocation more flexibly and efficiently for PUCCH resource reservation.
Proposal:  For eIMTA-enabled UEs, higher layer signaling assisted PUCCH resource mapping is used to allocate HARQ-ACK PUCCH resource.
4 Conclusion

In this paper, considering PUCCH resource allocation efficiency and standard work effort, we propose:
Proposal: For eIMTA-enabled UEs, higher layer signaling assisted PUCCH resource mapping can be considered to allocate HARQ-ACK PUCCH resource.
· e.g. The parameters 
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 can be configured by higher layer.
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