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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#82bis [1], following agreements were made on PUCCH for Rel.13 MTC.
Agreements:
· PCCH resource determination for PUCCH under repetitions
· The same PUCCH resources are used within each subframe of a PUCCH repetition within a narrowband
· In case of hopping, FFS how to determine the subsequent narrowband and the resource index for the subsequent narrowband
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 1 a under large CE
· FFS the association of the PUCCH formats with the CE mode
In this contribution, we discuss the PUCCH resource determination.
PUCCH resource determination
It has been agreed that implicit PUCCH resource determination is used at least for PUCCH format 1a for Rel.13 low complexity UEs with CE mode A but the detailed implicit resource derivation is FFS. 
At first, we discuss the behaviour when implicit resource derivation based on ECCE index of corresponding MPDCCH. This is the same mechanism as that of Rel-12 EPDCCH. This mechanism has two issues described below.
The collision of PUCCHs between different MPDCCH timings but the same ECCE index
Up to Rel.12, the (E)PDCCH and PUCCH has fixed timing relation. Therefore, an ECCE index of (E)PDCCH indicates the single PUCCH resource. In Rel.13 MTC, the MPDCCH and PUCCH have multiple timing relations depending on the number of the repetition of PDSCH. Therefore, an ECCE index of MPDCCH can indicate multiple PUCCH resource. This situation means single PUCCH resource can be indicated by different timing of an ECCE index of MPDCCH. This is shown as shown in Fig.1. If ARO is available, this can be solved.
[image: ] 
Fig.1	PUCCH resource collision issue.

The collision of PUCCHs between different MPDCCH located in the different narrowbands 
When there are multiple narrowbands in downlink and ECCE is indexed independently per narrowband, there are duplications of indices among ECCEs located in the different narrowband. PUCCH resource determination as Rel-12 EPDCCH has semi-static offset at each EPDCCH set and then, if semi-static offset is set independently for each narrowband, the collision of PUCCH might be controllable. If the PUCCH region between different narrowbands is overlapped, the collision should be solved by ARO.

As discussed above, different semi-static offset per narrowband and/or EPDCCH PRB set are required. In rel.12 EPDCCH, semi-static offset is per PRB set and it is UE specific RRC signalling. For MPDCCH, there is an additional aggregation level as 24 ECCEs. The PUCCH resource related to 24 ECCEs needs to be determined. However additional RRC signalling in MTC SIB1 is not desired. Following two alternatives are possible.
· Alt A: semi-static offset per PRB set
In Alt A, semi-static offset per PRB set is indicated by MTC SIB1. When 24 ECCEs is detected, semi-static offset related to first PRB set is used. When semi-static offset related to first RPB set is smaller than semi-static offset related to second PRB set, PUCCH resource related to 24 ECCEs can be minimum PUCCH resource number. The reaming PUCCH resources might be reused for other purpose.
For distributed MPDCCH PRB set q in FDD, the PUCCH resource is determined by following equations as similar as EPDCCH. For PRB set q (q=0 or 1)



For 24 ECCEs, =0 and q=0 (first PRB set). Therefore


· Alt B: common semi-static offset for PRB sets and 24 ECCEs
In Alt B, common semi-static offset per PRB set is indicated by MTC SIB. It reduces the MTC SIB signalling. For distributed MPDCCH in FDD, the PUCCH resource is determined by following equations for first PRB set and 24 ECCEs

 
and for second PRB set.

.
K is the offset from PUCCH resources related to first PRB set. For example, K is the number of ECCEs in first PRB set. K=16 when first PRB set is 4PRB set and K=8 when first PRB set is 2PRB set. However, K is not variable. Then several PUCCH resources for first PRB set are wasted.

Another possibility of PUCCH resource determination for Rel-13 MTC UEs for CE mode A would be implicit determination based on PRB index of the PDSCH. If the timing gap between the end of PDSCH transmission and start of PUCCH transmission is fixed, PUCCH collision between UEs with different number of repetition can be avoided without ARO. While, PUCCH resource collision caused by	duplications of indices among PRBs located in the different narrowband should be solved by ARO or semi-static offset per narrowband could also be introduced similar to the determination method based on ECCE index.

Proposal 1: For CE mode A, one of followings should be taken.
- Iimplicit resource is derived from ECCE index of corresponding MPDCCH. Semi-static offset per PRB set and/or narrowband is signaled to UE. The semi-static offset can be common per PRB set.
- Implicit resource is derived from ECCE index of PRB index of corresponding PDSCH.

For CE mode B to solve PUCCH resource collision caused by different repetition number would be difficult only with ARO. Therefore, if only implicit resource determination is supported, offset specifically designed for CE mode B might be needed. On the other hand, explicit PUCCH resource configuration by RRC as in Rel.12 also avoids the collision. Therefore, to support both implicit and explicit is one possibility and in this case, the ARO can be same as that of Rel.12 EPDCCH.
Proposal 2: For CE mode B, if collision could be avoided by supporting explicit PUCCH resource configuration by RRC as in LTE Rel-12, the ARO can be same as that of EPDCCH. If only implicit resource determination is supported, offset specifically designed for UEs in CE Mode B might be needed.



For TDD, in case M > 1, the PUCCH resource for M-PDCCH in multiple DL subframes shall be transmitted in the same UL subframe, then in addition to the semi-static offset, the mechanism to avoid the collision due to HARQ-ACKs for different DL subframes mapping into a same UL subframe is required. Similar mechanism as current specification, i.e., the mechanism to avoid the overlap between different DL subframes, could be reused. For example, in addition to the terms of the PUCCH resource determination for FDD, PUCCH resource can depend also on , where  is equal to the number of ECCEs in the j-th EPDCCH set and m (=0~M~1) is the relative index of the DL subframe of the last PDSCH scheduled by corresponding M-PDCCH. 
Proposal 3: For TDD, similar mechanism as current specification, i.e., the mechanism to avoid the overlap between different DL subframes, should be considered in addition to PUCCH resource determination mechanism for FDD.

Conclusion
This contribution discusses PUCCH resource determination for MTC and we have the following proposals:
Proposal 1: For CE mode A, one of followings should be taken.
- Iimplicit resource is derived from ECCE index of corresponding MPDCCH. Semi-static offset per PRB set and/or narrowband is signaled to UE. The semi-static offset can be common per PRB set.
- Implicit resource is derived from ECCE index of PRB index of corresponding PDSCH.
Proposal 2: For CE mode B, if collision could be avoided by supporting explicit PUCCH resource configuration by RRC as in LTE Rel-12, the ARO can be same as that of EPDCCH. If only implicit resource determination is supported, offset specifically designed for UEs in CE Mode B might be needed.
Proposal 3: For TDD, similar mechanism as current specification, i.e., the mechanism to avoid the overlap between different DL subframes, should be considered in addition to PUCCH resource determination mechanism for FDD.
Reference
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