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1. Introduction

In RAN1#80 [1], followings are agreed regarding PUCCH/PUSCH transmission for MTC UE:
	Agreements:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported

· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes

· Network can enable or disable the hopping
· FFS details of configuration

· FFS on other techniques
Agreements:
· For UEs in enhanced coverage:
· Repetition/bundling of ‘physical channel(s) carrying UL data’ is supported

· Multiple repetition/bundling levels in time domain are supported



This contribution continues to discuss issues on PUCCH for MTC UEs including frequency hopping across/within subband, PUCCH configuration, and PUCCH resource mapping method. 
2. Rel-12 MTC working assumption on PUCCH
During MTC discussion in Rel-12 time frame, the following working assumptions were made for UEs in enhanced coverage mode for MTC:

· No support of repetition of periodic CSI over PUCCH

· FFS: periodic CSI over PUCCH without repetition

· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK

· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g., no new format)

Regarding the above working assumptions, we do not find any major reasons not to apply Rel-12 working assumptions for Rel-13 MTC work. Thus, we propose to take Rel-12 working assumptions for Rel-13 working assumptions. 
Proposal 1. For Rel-13 coverage enhancement for MTC, the working assumptions on PUCCH from Rel-12 MTC work are kept. 
3. PUCCH configuration

Since a low complexity UE’s UL bandwidth is also restricted to 1.4MHz, PUCCH resource and transmission mechanism may need to be changed. There are a couple of considerations to determine PUCCH resource and transmission method. First of all, impact on PUSCH resource allocation (for contiguous/non-contiguous RB allocation) for legacy UEs needs to be considered. To minimize the impact on PUSCH scheduling for legacy UEs, PUCCH resource for a low complexity UE may be placed close to PUCCH resource for legacy UEs. Secondly, the use of slot hopping within a subframe may be disabled, or at least be configurable to disable to reduce resources reserved for PUCCH and thus allow better multiplexing between PUSCH and PUCCH. For example, if frequency hopping within subband is disabled and PUCCH region is located at the bottom of subband as shown in Figure 1, contiguous RB allocation for legacy UE can use PUSCH region for MTC UEs, which can minimize the impact on PUSCH scheduling for legacy UEs. In the meanwhile, it is desirable to retain frequency diversity. Thus, at least for PUCCH bundle transmission, subband/frequency hopping across subframe(s) can be considered. To minimize the number of subframes required to complete one PUCCH bundle transmission in consideration of frequency retuning latency, it is desirable to perform frequency hopping/subband change in a unit of multiple subframes (e.g., every radio frame) rather than in every subframe. 
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Figure 1: Example of configuration of PUCCH region. 

Proposal 2: It can be considered to support at least configurability on frequency hopping within subband for PUCCH, and to support subband hopping across subframes for PUCCH repetition. 
PUCCH region for MTC UEs can be independently configured compared to that of legacy UEs. Therefore, for some cases, PUCCH region can be overlapped with SRS transmission region for legacy UEs. To avoid collision between legacy SRS transmission and MTC PUCCH transmission, it would be necessary to configure shortened PUCCH format for MTC UEs considering SRS configuration for legacy UEs. For instance, MTC UEs can use shortened PUCCH format when PUCCH region for MTC UEs is overlapped with cell-specific SRS bandwidth in cell-specific SRS subframes. In this case, it can be considered that eNB signals information related to legacy SRS configuration or resources to be used for shortened PUCCH format to MTC UEs. 
Proposal 3: It is necessary to investigate on PUCCH configuration for MTC UEs considering legacy UL transmission or configuration.
4. HARQ-ACK transmission 
Each Rel-13 MTC UEs would configure DL/UL subband independently, and it is open whether DL subband and UL subband are separately configured or not. If all the UEs configure a pair of DL/UL subband independently for MTC operation, for some cases, it is possible that different UEs have the same UL subband but different DL subband. In this case, multiple PUCCH resources in the same UL subband can be collided across UEs operating different DL subband when the UEs have the same value of the starting CCE index relevant to PUCCH. Meanwhile, different UEs have the same DL subband but different UL subband. In this case, since UEs operating the same DL subband would have different starting CCE index, PUCCH resources cannot be fully used even though PUCCH resources actually belong to different UL subbands. To mitigate these problems, it can be considered to introduce the concept of ARO (AN resource offset) for implicit PUCCH resource mapping. For simplicity, this ARO concept can be reused from that of EPDCCH. As an another approach, to handle this problem for a number of MTC UEs, the range of ARO can be expanded or DL and/or UL subband can be considered to decide the value of ARO. Alternatively, PUCCH resource for MTC UEs can be explicitly signaled. 
Proposal 4: It is necessary to investigate how to efficiently perform PUCCH resource mapping for Rel-13 MTC UEs considering operating DL/UL subbands. 
5. Summary and conclusions

In this paper, we discussed transmission focusing on PUCCH for Rel-13 MTC UEs. The followings summarize our proposals.
Proposal 1. For Rel-13 coverage enhancement for MTC, the working assumptions on PUCCH from Rel-12 MTC work are kept. 
Proposal 2: It can be considered to support at least configurability on frequency hopping within subband for PUCCH, and to support subband hopping across subframes for PUCCH repetition. 
Proposal 3: It is necessary to investigate on PUCCH configuration for MTC UEs considering legacy UL transmission or configuration.

Proposal 4: It is necessary to investigate how to efficiently perform PUCCH resource mapping for Rel-13 MTC UEs considering operating DL/UL subbands. 
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