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1 Introduction
In last RAN1 meeting, some agreements on PUCCH functionality have been achieved as following [1]:

· For low complexity MTC UEs in normal coverage, at least when PUCCH resource is configured, 

· ACK/NACK and SR over PUCCH is supported.

· Periodic CSI feedback over PUCCH is supported

· FFS on details
· For UEs operating in enhanced coverage, at least when PUCCH resource is configured, 

· HARQ-ACK and SR over PUCCH is supported
· FFS: Whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted
To support PUCCH functionality on ACK/NACK feedback for both normal coverage and enhanced coverage, HARQ-ACK resource allocation may be an issue in particular in CE mode. In this contribution, we discussed some issues on PUCCH resource allocation for Rel-13 low complexity MTC UEs in normal coverage and UEs operating in enhanced coverage. Based on the discussion, some proposals were made.
2 Discussion
PUCCH resource allocation for Rel-13 LC MTC UEs in normal coverage
In legacy system, PUCCH resource for HARQ-ACK feedback is implicitly derived from the lowest CCE/ECCE index of corresponding PDCCH/EPDCCH transmission. For Rel-13 low complexity MTC UEs in normal coverage, if the relative timing between PUCCH and corresponding mPDCCH is fixed, the legacy PUCCH resource allocation based on CCE/ECCE index can be reused. Otherwise, it cannot be reused due to possible PUCCH resource collision as discussed for the CE case below. Since cross-subframe scheduling has been agreed for both normal coverage and enhanced coverage [2], the fixed relative timing between PUCCH and corresponding mPDCCH can be assumed because of the fixed relative timing between PUCCH and corresponding PDSCH, and the fixed relative timing between PDSCH and associated mPDCCH. Moreover, the fixed relative timing between PDSCH and associated mPDCCH should be applied for both same-MTC_subband scheduling without RF retuning and crosss-MTC_subband scheduling with RF retuning. Thus, assuming mPDCCH is transmitted in subframe n, the associated PDSCH should be transmitted in subframe n+2 supposing 1ms RF retuning time, and the corresponding PUCCH should be transmitted in subframe n+6 assuming the relative timing between PUCCH and corresponding PDSCH reuses legacy value, i.e. n+4. For the mPDCCH without associated PDSCH, e.g. indicating downlink SPS release, the corresponding PUCCH should follow the same relative timing as other mPDCCH with associated PDSCH, i.e. n+6. 
Based on above analysis, no any specification impact is expected if legacy PUCCH resource allocation based on CCE/ECCE index of corresponding PDCCH/EPDCCH is directly reused for Rel-13 low complexity MTC UEs in normal coverage. Of course, Rel-13 MTC UE and legacy UE cannot share the same PUCCH region since they follow different relative timing between PUCCH and corresponding physical downlink control channel. A different PUCCH resource starting offset should be configured for Rel-13 MTC UEs in normal coverage. 
Proposal #1: The relative timing between PUCCH and corresponding mPDCCH should be fixed for Rel-13 low complexity MTC UEs in normal coverage. 
Proposal #2: Legacy PUCCH resource allocation based on CCE/ECCE index should be reused for Rel-13 low complexity MTC UEs in normal coverage.
PUCCH resource allocation for UEs operating in enhanced coverage
In the early 3GPP release, PUCCH repetition has been already supported for uplink coverage enhancement to some extent, e.g. HARQ-ACK transmission can support the maximum 6 repetitions. In the current operation, if PUCCH repetition is enabled for a UE, the UE shall transmit a HARQ-ACK using the PUCCH resource implicitly derived from the lowest CCE/ECCE index of corresponding PDCCH/mPDCCH transmission for the first time, and repeat the HARQ-ACK transmission using a PUCCH resource explicitly configured by the higher layer signalling. However, for UEs operating in enhanced coverage, the legacy mechanism may not be reused due to repetitions of mPDCCH and PDSCH. Since PDSCH with different repetition number will cause unfixed relative timing between PUCCH and corresponding mPDCCH, legacy PUCCH resource allocation based on the lowest CCE/ECCE index of corresponding mPDCCH will cause PUCCH resource collision as illustrated in Fig. 1. If restricting the resource allocation of mPDCCH is used to completely avoid the PUCCH resource collision, blocking rate of mPDCCH will be seriously deteriorated. Therefore, implicit PUCCH resource allocation based on CCE/ECCE index of mPDCCH cannot be used even for the first HARQ-ACK repetition. Following possible solutions are discussed for PUCCH resource allocation for UEs operating in enhanced coverage.
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Fig. 1 Potential PUCCH resource collision in CE mode with repetition
· Solution 1  Explicitly configure a PUCCH resource value for all HARQ-ACK repetitions

A simple and direct solution may be to use an explicit PUCCH resource value configured by higher layers for all repeated HARQ-ACK transmissions. In the solution, PUCCH resource collision will not happen, and eNB can flexibly allocate PUCCH resource to make multiple PUCCHs with different repetition levels transmitted in different PRBs to avoid near-far effect. However, there may be an issue on initialization of PUCCH resource. In current system, dedicated PUCCH resource configuration can be carried in RRC message ‘RRCConnectionSetup’ transmitted in MSG4. Due to the maximum 15ms RRC procedure delay, the configured PUCCH resource may not be activated when transmitting HARQ-ACK of MSG4 since the HARQ-ACK of MSG4 needs to be transmitted in the 4th subframe after receiving MSG4. One solution to the problem may be to extend the HARQ-ACK feedback timing of MSG4 to ensure the activation of PUCCH resource. Another solution may be to indicate initial PUCCH resource via other signalling except RRC signalling, e.g. a MAC CE or a DCI field with short activation time.  
· Solution 2   Implicitly derive a PUCCH resource based on the lowest PRB index of PDSCH for all HARQ-ACK repetitions
Another possible solution may be to derive HARQ-ACK resource based on the lowest PRB index of corresponding PDSCH transmission if the relative timing between PUCCH and corresponding PDSCH is fixed in enhanced coverage, e.g. PUCCH is always transmitted in subframe n+4 if the ending PDSCH repetition is transmitted in subframe n. However, except the first HARQ-ACK repetition, PUCCH resource collision may still be caused due to PUCCH repetition. eNB implementation on PDSCH scheduling can be used to completely avoid the collision. For example, the PRB(s) should not be scheduled for a UE operating in enhanced coverage if the scheduling will cause PUCCH resource collision, and the PRB(s) can be scheduled for other UEs following legacy PUCCH resource allocation. However, this will restrict the flexibility of PDSCH scheduling especially for the case of a large amount of coverage enhancement and/or a large number of UEs operating in enhanced coverage. In addition, introducing the implicit PUCCH resource allocation based on PRB index of PDSCH may spend much specification effort.
· Solution 3   Implicitly derive a PUCCH resource based on the lowest PRB index of PDSCH for the first HARQ-ACK repetition and explicitly configure a PUCCH resource value for remaining HARQ-ACK repetitions

One optimized solution may be that using implicit PUCCH resource allocation based on the lowest PRB index of corresponding PDSCH transmission just for the first HARQ-ACK repetition, and using explicit PUCCH resource for remaining HARQ-ACK repetitions. This is somewhat similar to legacy mechanism applied for PUCCH repetition in Rel-8 system. Thus, PUCCH resource collision and restricted PDSCH scheduling will not be caused. However, the relative timing between PUCCH and corresponding PDSCH should be fixed, and there be also an issue on initialization of dedicated PUCCH resource configuration. In addition, the specification effort to introduce the implicit PUCCH resource allocation is another disadvantage same as solution 2. 
From following table 1 giving the summary of above discussion, we can see solution 1 has less issue. And, initialization of dedicated PUCCH resource configuration may not be a big issue since some solutions without much specification impact can be used to solve the problem, e.g. using a longer HARQ-ACK feedback timing for MSG4. Therefore, solution 3 is preferred from the perspective of specification impact and PDSCH scheduling restriction. 
Table 1 Summary of above solutions for PUCCH resource allocation in CE mode
	Issues
	Solution 1
	Solution 2
	Solution 3

	Restricting resource allocation of PDSCH to avoid PUCCH resource collision
	No
	Yes
	No

	Requiring a fixed relative timing PUCCH and corresponding PDSCH
	No
	Yes
	Yes

	Initialization of dedicated PUCCH resource configuration
	Yes
	No
	Yes

	Specification effort of introducing implicit PUCCH resource allocation based on PRB index of PDSCH
	No
	Yes
	Yes


Proposal #3: Explicit PUCCH resource allocation should be considered for UEs operating in enhanced coverage.

3 Conclusion
In this contribution, we discussed some issues on PUCCH resource allocation for Rel-13 low complexity MTC UEs in normal coverage and UEs operating in enhanced coverage. Based on the discussion, we have following proposals:   
Proposal #1: The relative timing between PUCCH and corresponding mPDCCH should be fixed for Rel-13 low complexity MTC UEs in normal coverage. 

Proposal #2: Legacy PUCCH resource allocation based on CCE/ECCE index should be reused for Rel-13 low complexity MTC UEs in normal coverage.
Proposal #3: Explicit PUCCH resource allocation should be considered for UEs operating in enhanced coverage.
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