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1. Introduction

At the RAN1#82bis meeting, regarding the PUCCH resource allocation for the low complexity MTC (LC-MTC), it was agreed to follow the same principle as that in Rel-12.
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

According to the agreement, it can be understood that a cell specific starting offset value and implicit resource allocation are to be supported to derive the PUCCH resource. In this contribution, we provide our views on the remaining details on the PUCCH resource allocation for the LC-MTC. 
2. Design for PUCCH Resource Allocation
According to the agreement at the last meeting, the PUCCH resource derivation can be expressed as a form of 
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 is an index implicitly derived from other parameters such as ECCE index or PRB index and 
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 is the starting offset of the PUCCH resource indicated by MTC SIB [1]. Hence, the details of the implicit resource allocation must be determined. In the legacy PUCCH resource allocation, the PUCCH resource is associated with an enhanced control channel element (ECCE) index of the M-PDCCH and also adjusted by ACK/NACK resource offset (ARO). However, the number of the ECCEs available within a NB is larger than 6 and it would become 24. This would necessitate two PRBs for the PUCCH in some cases even though the number of required PUCCH resources is equal or less than six. In order to improve the PUCCH resource utilization, one approach is to replace the ECCE index by the PDSCH PRB index of each NB. In this way, the number of ACK/NACK resources can be less than six, and can be accommodated in one PRB pair. 

Observation 1: The implicit resource derivation based on the PDSCH PRB index of each NB would be more efficient in terms of PUCCH resource utilization.

Although the above PUCCH resource allocation based on the PRB index of each DL NB would be beneficial to improve the PUCCH resource efficiency, 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. 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. 1. In this pattern, in order to avoid PUCCH resource collision, the DL NB-specific, or hopping pattern-specific offsets can be considered. The same pattern specific offset can be also applied to the LC-MTC UE in normal or small coverage operating frequency scheduling. This concept of the frequency hopping pattern and the pattern specific offset enables both frequency hopping and scheduling to coexist efficiently and also allows efficient PUCCH resource allocation. The PUCCH resource can be derived as follows.
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where 
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 is the first PRB index for the DL resource allocation 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. 2. Assuming 2 PUCCH NB regions (2 PRBs) and 6 cyclic shifts and 3 OCCs per PRB, 36 PUCCH resources are available in total. Four NBs are used for frequency hopping, i.e., four frequency hopping patterns. Then, if the pattern-specific offset,
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, 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. It would be sufficient to specify the same number of offset values as the number of NBs used for the frequency hopping, i.e., 2 or 4 offset values and these offset values would be indicated by RRC signaling or the ARO. For the UEs operating the enhanced coverage mode, 
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 would be always set to zero considering that six PRBs are always used. Hence, if the same equation would be reused, the equation corresponds to the explicit resource allocation.
Observation 2: NB-specific or frequency hopping pattern-specific offset would be needed to avoid the collision of the PUCCH resources for different DL NBs.
Proposal: The following PUCCH resource derivation should be used for LC/CE MTC-UEs
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where 
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 is the first PRB index for the DL resource allocation of each DL NB, 
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 is the hopping pattern-specific or NB-specific offset, and 
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 is the starting offset of the PUCCH resource indicated by MTC SIB. A set of 
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 is composed of 2 or 4 values and indicated by RRC signaling.
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Figure 1 – PUCCH resource collision for different DL NBs.
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Figure 2 – 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 made the following observations and proposals.
Observation 1: The implicit resource derivation based on the PDSCH PRB index of each NB would be more efficient in terms of PUCCH resource utilization.

Observation 2: NB-specific or frequency hopping pattern-specific offset would be needed to avoid the collision of the PUCCH resources for different DL NBs.

Proposal: The following PUCCH resource derivation should be used for LC/CE MTC-UEs
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 is the hopping pattern-specific or NB-specific offset, and 
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