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1 Introduction
Rel-13 work item on further LTE physical layer enhancements for MTC was approved in [1]. According to the WID, Rel-13 low complexity UE supports reduced UE bandwidth of 1.4 MHz in downlink and uplink. The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink. A relative 15dB coverage enhancement for FDD is targeted and either elimination or repetition can be considered for PUCCH according to the WID. In addition, power consumption reduction shall be considered both in normal coverage and enhanced coverage, to target ultra-long battery life.
In RAN1#80bis [2], the following agreements were made for PUCCH and UCI transmission:

Agreements:
· 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
· For Rel-13 low complexity MTC UEs,

· For PUCCH structure, 

· FFS: Slot-based frequency hopping within a narrow band

· FFS: How to derive PUCCH resource

· FFS: Configuration of additional PUCCH frequency resources is not mandatory for support of LC/CE UEs in a cell

· FFS on the details

· For UEs operating in enhanced coverage, 

· Repetition of PUCCH across multiple subframes is supported

· Frequency hopping is supported for PUCCH repetition
· FFS on specific hopping pattern
· FFS on configurability of frequency hopping

In this contribution, we discuss the PUCCH resource allocation for Rel-13 low complexity MTC UEs.
2 Discussion

Generally, the following PUCCH resource allocation methods can be considered for Rel-13 low complexity MTC UEs:

· Option 1: PUCCH resource is located within each MTC narrow-band

· Option 1-1: New resource reserving method with two slots in one subframe located in the same RB, as shown in Figure 1(a)

· Option 1-2: The same resource reserving method as legacy PUCCH mechanism, as shown in Figure 1(b)

· Option 2: PUCCH resource is located at two edges of the system bandwidth
· Option 2-1: New resource reserving method with two slots in one subframe located in the same RB, as shown in Figure 2(a) 
· Option 2-2: The same resource reserving method as legacy PUCCH mechanism, as shown in Figure 2(b)
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(a)                                                                           (b)

Figure 1: PUCCH resource allocation for option 1
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Figure 2: PUCCH resource allocation for option 2
For option 1-1, PUCCH resource index, formulas for PUCCH PRB index and PUCCH resource mapping should be redefined for MTC PUCCH. PUCCH inter-slot frequency hopping within a subframe is not supported, which may reduce PUCCH transmission performance since frequency diversity and random interference cannot be achieved from the two slots transmitted in the same PRB. 

For option 1-2, legacy PUCCH resource index and formulas for PUCCH PRB index can be reused for MTC PUCCH in each narrow-band, which reduce the specification complexity. PUCCH inter-slot frequency hopping within a subframe can be supported as legacy system to achieve frequency diversity and random interference. 

Actually, for Rel-13 low complexity UE in normal coverage, there are at most 6 DL transmissions in one narrow-band, which means that at most 6 PUCCH resources are required. For Rel-13 low complexity UE in enhanced coverage, one narrow-band can support only one DL transmission occupied 6PRBs in one subframe. Although considering the difference between repetition times of DL and PUCCH, there may be more than one PUCCH transmission of different UEs partially overlapping in the same narrow-band, the number of overlapped PUCCH may be very small. Hence, for option 1, MTC PUCCH with one PRBs reserved in each narrow-band may be enough, only part of PUCCH resources in 1 PRB in each narrow-band will be used actually. However, for option 1-2, at least two PRBs in each narrow-band shall be reserved for MTC PUCCH to support inter-slot frequency hopping within a subframe, which introduce more MTC PUCCH overhead and reduce the available resource for MTC PUSCH transmission. In addition, for both option 1-1 and option 1-2, one UE may require one PUCCH resource in each narrow-band to support frequency hopping between narrow-bands, which increase PUCCH overhead as well. Furthermore, for both option 1-1 and option 1-2, system bandwidth is segmented into more discontinuous resource parts, which will affect the legacy PUSCH scheduling. It should be noticed that MTC PUSCH transmitted in 1 PRB will bring such resource segmentations as well.

For option 2-1, PUCCH resource index, formulas for PUCCH PRB index and PUCCH resource mapping should be redefined for MTC PUCCH. Hence, MTC PUCCH resource should be separate from the legacy PUCCH resource. PUCCH inter-slot frequency hopping within a subframe is not supported with option 2-1, which may reduce PUCCH transmission performance since frequency diversity and random interference cannot be achieved from the two slots transmitted in the same PRB. Frequency diversity can further be achieved by PUCCH frequency hopping within system bandwidth.
For option 2-2, legacy PUCCH resource index and formulas for PUCCH PRB index can be reused for MTC PUCCH, which reduce the specification complexity. Hence, it is possible for MTC PUCCH to share PUCCH resource with the legacy PUCCH which will reduce the PUCCH overhead. Two PUCCH resource indices with an interval no more than 6 PRBs shall be used for two slots respectively so as to avoid retuning between two slots in the same subframe. Those two PUCCH resource indices can be both indicated by eNB or the PUCCH resource index for the second slot can be obtained based on the PUCCH resource index for the first slot. PUCCH inter-slot frequency hopping within a subframe can be supported with option 2-2 when there are at least two PRBs reserved for MTC PUCCH at each edges of the system bandwidth by using two different PUCCH resource indices which located in two different PRBs in the same edges of the system bandwidth. PUCCH transmission without intra-subframe slot based frequency hopping can also be supported with option 2-2 by using two different PUCCH resource indices which located in the same PRB. Hence, option 2-2 is more flexible than option 2-1 and the PUCCH performance may be better than option 2-1 with frequency diversity and random interference for different slots in different PRBs. In addition, PUCCH frequency hopping within system bandwidth can be supported simply with option 2-2 by switching the PUCCH resource indices for two slots in one subframe.
For both option 2-1 and option 2-2, retuning is needed when PDSCH/PUSCH transmissions switch to PUCCH transmission since PUCCH located in a different narrow-band from PDSCH and PUSCH. PUCCH resource overhead for MTC UE can be reduced by multiplexing UEs transmitting DL in different narrow-bands together in one PRB.
Based on the above discussion, option 1 requires less retuning than option 2 by using a common frequency hopping pattern for UL and DL as shown in [3], while option 2 has less PUCCH resource overhead and less resource segmentations than option 1. 
Hence, we have the following proposal:

Proposal 1: PUCCH resource allocation between option 1 and option 2 shall be further studied by considering the specification complexity, PUCCH overhead, retuning time.
3 Conclusions

Based on the discussion on PUCCH resource allocation for Rel-13 low complexity UEs, we have the following proposal:
Proposal 1: PUCCH resource allocation between option 1 and option 2 shall be further studied by considering the specification complexity, PUCCH overhead, retuning time.
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