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1 Introduction
In the last RAN1 meeting, some agreements on PUCCH resource determination were made as following [1]:

Agreements:
· For LC UEs and UEs operating CE, PUCCH formats 1/1a/2/2a are supported, and the PUCCH resource is derived the same way as in LTE Rel-12, except the following:

· The detailed implicit resource derivation for PUCCH format 1a is FFS

· FFS ARO for large CE
· FFS PUCCH format 1a under large CE

· FFS the association of the PUCCH formats with the CE mode

For normal coverage, implicit resource determination same as Rel-12 has been agreed. For large CE, PUCCH resource determination doesn’t have conclusion yet. In this contribution, we discussed possible solutions for large CE, e.g. implicit or explicit resource determination, and related issues, e.g., whether to require ARO for large CE and PUCCH resource for Msg4. Based on the discussion, some proposals were made.
2 Discussion
Implicit PUCCH resource determination for large CE

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 HARQ-ACK 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/ePDCCH transmission for the first time, and repeat the HARQ-ACK transmission using a PUCCH resource explicitly configured by the higher layer signalling. The explicitly configured PUCCH resource is to avoid PUCCH resource collision caused by HARQ-ACK repetitions. 
For large CE, the PUCCH resource collision cases may be more complex due to mPDCCH repetitions and PDSCH repetitions besides PUCCH repetitions. Figure 1 illustrates one of collision cases, wherein the cause is that PDSCH with different repetition number will cause varying relative timing between PUCCH and corresponding mPDCCH. In addition, partial PUCCH resource collision for partial repetitions may occur due to PUCCH repetitions or mPDCCH repetitions. eNB scheduling may be able to avoid the collision, e.g. the starting ECCE won’t be allocated for another mPDCCH with possible PUCCH resource collision. However, if the restricted mPDCCH resource allocation is used to completely avoid the PUCCH resource collision, blocking rate of mPDCCH will be seriously deteriorated. 
ARO may be used to alleviate the PUCCH resource collision. However, considering PUCCH resources of multiple UEs multiplexed within one PRB may prefer large offset to improve PUCCH detection performance in large CE, current ARO value (e.g. ‘-2’, ‘-1’, ‘0’, and ‘1’ for FDD) may not be suitable. In addition, if PUCCH resource collision frequently happens during PUCCH repetitions, ARO may not be able to handle the PUCCH resource collision issue. Therefore, ARO value may need redesign if implicit PUCCH resource determination is applied for large CE. It will introduce additional specification effort, and it is not recommended especially in such short time line for Rel-13 eMTC. Furthermore, reusing ARO field may not achieve a very compact DCI design which is important to reduce UE power consumption in large CE.
Proposal #1: Implicit PUCCH resource determination is not preferred for large CE considering possible PUCCH resource collision issue and ARO issue.
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Figure 1 Potential PUCCH resource collision case in CE mode
Explicit PUCCH resource determination for large CE

A simple and direct solution may be to use an explicit PUCCH resource value configured by higher layers for all repeated HARQ-ACK transmissions, which slightly differs from legacy mechanism for the first HARQ-ACK transmission. 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. 
Just one issue may be the initialization of PUCCH resource, i.e. PUCCH resource for Msg4. One solution may be to indicate the initial PUCCH resource value in RAR. In addition, an initial PUCCH repetition number can also be configured together with PUCCH resource initialization since it is not easy to implicitly derive the initial PUCCH repetition number according to PRACH, RAR, MSG3 or MSG4 repetition level due to different channel characteristics. Another solution may be to indicate the initial PUCCH resource and repetition number in Msg4, i.e., carried in RRC message ‘RRCConnectionSetup’. In a word, the issue of PUCCH resource for Msg4 can be easily solved, and explicit PUCCH resource determination will expect a relative low specification effort comparing with explicit resource allocation. In addition, a compact DCI design without ARO filed can be achieved.
Proposal #2: Explicit PUCCH resource determination is preferred for large CE considering a relative low specification effort. 

Proposal #3: It is preferred that PUCCH resource for Msg4 is explicitly indicated in RAR or Msg4 MAC header.

3 Conclusion
In this contribution, we discussed some issues on PUCCH resource determination for large CE. Based on the discussion, we have following proposals:   
Proposal #1: Implicit PUCCH resource determination is not preferred for large CE considering possible PUCCH resource collision issue and ARO issue.
Proposal #2: Explicit PUCCH resource determination is preferred for large CE considering a relative low specification effort. 

Proposal #3: It is preferred that PUCCH resource for Msg4 is explicitly indicated in RAR or Msg4 MAC header.
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