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1. Introduction

At the RAN1#81 meeting, the frameworks for the PUCCH transmission for the low complexity (LC)-MTC UEs operating coverage enhancement (CE) were agreed as follows.

Agreements:

· For Rel-13 low complexity MTC UEs and UEs operating coverage enhancement for PUCCH
· Both slots in a subframe are used for transmission of a PUCCH.

· At least for system BW>6RBs, slot-based hopping {within a narrowband and within a subframe} is not supported.

· MTC SIB indicates at least two PUCCH narrowband regions for MTC 

· FFS whether or not the indication is per CE level or the same for all CE levels

· The PRBs for the PUCCH resources for Rel-13 low complexity UEs are configured separately from legacy PUCCH

· The multiplexing between PUCCH resources in the same PRB for Rel-13 low complexity UEs and legacy UEs is not prohibited

· For UEs operating coverage enhancement for PUCCH
· PUCCH frequency hopping is always used

· Hopping is between at least two PUCCH narrowband regions.

· PUCCH frequency location for Rel-13 low complexity UEs in enhanced coverage stays the same for at least X subframes

· FFS the value of X

· FFS whether or not slot-level hopping across narrowbands is supported

· If slot-level hopping is supported, the PUCCH frequency location refers to that of a given slot

· FFS: How to determine PUCCH repetition resources for Msg4 feedback.

In the above agreements, there are remaining issues to be resolved. In this contribution, we present the remaining issues on the PUCCH resource derivation for the Rel-13 LC-MTC UEs.
2. Design for PUCCH Resource Allocation
The UE BW reduction is applied to both the DL and UL. It was also agreed to define narrow-band (NB) of 6 PRB pairs for both the DL and UL. If the UL NB is located in the central frequency of the system BW, the issue regarding the PUSCH resource fragmentation would occur for the legacy LTE UEs. Therefore, it is highly preferred that a frequency location of the UL NB is shifted to both edges of the system BW, i.e., next to the PUCCH regions for the legacy UEs as shown in Fig. 1. As discussed in [1] and agreed at the last meeting, the MTC-SIB indicates the two PUCCH NB regions for the Rel-13 LC MTC UEs (operating and not operating CE) and normal MTC UEs operating CE although only one PUCCH NB band can be used in each subframe from the UE perspective. At the last meeting, it was agreed that slot-based hopping within a NB and within a subframe is not supported. 

Based on the above principle, we discuss the PUCCH resource allocation for the LC-MTC UEs. With the UL NB, an efficient PUCCH resource utilization is highly preferred. One possible approach is to modify the current PUCCH resource allocation scheme. The PUCCH resource is associated with an enhanced control channel element (ECCE) index of the EPDCCH and ACK/NACK resource offset (ARO). However, the number of the ECCEs available within a NB is larger than six. Thus, one possible approach is to replace the ECCE index by the PDSCH PRB index. In this way, the number of ACK/NACK resources can be less than six, and can be accommodated in one PRB pair. 

Proposal 1: Modify the ACK/NACK resource allocation for the EPDCCH by replacing the ECCE index with the PDSCH PRB index of each NB.
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Figure 1 – Multiple sets of reduced UE UL BW.
The above PUCCH resource allocation based on the PRB index of each DL NB would be beneficial to improve the PUCCH resource efficiency. However, relying on only the PRB index is not sufficient. For instance, when multiple DL NBs are utilized, the PUCCH resources associated with different DL NBs are collided if the PRB index for the both NBs is the same as shown in Fig. 2. Furthermore, there are several aspects that need to be taken into account, i.e., DL frequency-hopping, support for different number of repetitions. In order to avoid PUCCH resource collision, the additional mechanism needs to be considered. In our companion document [2], we propose to define frequency hopping patterns within the configured set of NBs. With the predetermined hopping pattern, frequency hopping can be applied to the PDSCH transmissions even with different number of repetitions. One example of the pattern is shown in Fig. 3. In this pattern, in order to avoid PUCCH resource collision, the DL NB-specific or hopping pattern-specific offsets can be considered. The PUCCH resource can be derived as follows.
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where 
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 is the PRB index of each DL NB and 
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 is the hopping pattern-specific or NB-specific offset. An example of the above PUCCH resource allocation is also shown in Fig. 3. Assuming 2 PUCCH NB regions (2 PRBs) and 6 cyclic shifts and 3 OCCs per PRB, 36 PUCCH resources are available in total. Then, if the pattern-specific offset,
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, for NB#0, 1, 2, and 4 is respectively set to 0, 9, 18, and 27, ACK/NACKs for the DL NB#0 and #1 are transmitted using PUCCH PRB#1 while ACK/NACKs for the DL NB#2 and #3 are transmitted using PUCCH PRB#2. In this way, the PUCCH resource collision for different DL NBs can be avoided. 

Another approach is to use ARO. Thus, the usage of the ARO in the M-PDCCH can be also considered for the Rel-13 LC-MTC if necessary.

Proposal 2: Introduce the NB-specific offsets and/or frequency hopping pattern-specific offsets when deriving PUCCH resources.
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Figure 2 – PUCCH resource collision for different DL NBs.
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Figure 3 – Example of PUCCH resource allocation when DL frequency hopping is used
3. Conclusion
In this contribution, we presented our views on the PUCCH for the Rel-13 LC-MTC. Efficient resource utilization would be important to improve the spectrum efficiency for the PUCCH. Accordingly, we propose the followings 
Proposal 1: Modify the ACK/NACK resource allocation for the EPDCCH by replacing the ECCE index with the PDSCH PRB index of each NB.

Proposal 2: Introduce the NB-specific offsets and/or frequency hopping pattern-specific offsets when deriving PUCCH resources.
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