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1 Introduction
In RAN1 81 meeting [1], the following agreements were made for PUCCH transmission:

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

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

· Option 1: PUCCH narrowband regions are not located at two edges of the system bandwidth, for example located within each/several MTC narrow-bands in the system bandwidth
· Option 1-1: In one subframe, two slots located in the same RB corresponds to the same PUCCH resource index, as shown in Figure 1(a)
· Option 1-2: The same resource reserving method as legacy PUCCH mechanism, as shown in Figure 2(b)
· Option 2: PUCCH narrowband regions are located at two edges of the system bandwidth
· Option 2-1: In one subframe, two slots located in the same RB corresponds to the same PUCCH index, as shown in Figure 2(a) 
· Option 2-2: The same resource reserving method as legacy PUCCH mechanism, as shown in Figure 2(b)

[image: image1.emf]m=1 m=0

m=3 m=2

m=2 m=3

m=0 m=1

Legacy PUCCH

MTCPUCCH

PRB

1

UL

RB

nN



PRB

2

UL

RB

nN



0

PRB



n

PRB

1 n



Slot 0 Slot 1

One subframe

.

.

.

.

.

.

MTC  

subband1

m=k2 m=k2

.

.

.

.

.

.

MTC 

subband2

m=k1 m=k1

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

MTCPUSCH

             
[image: image2.emf]m=1 m=0

m=3 m=2

m=2 m=3

m=0 m=1

m=k1+1

m=k1

Legacy PUCCH

MTCPUCCH

PRB

1

UL

RB

nN



PRB

2

UL

RB

nN



0

PRB



n

PRB

1 n



Slot 0 Slot 1

One subframe

.

.

.

.

.

.

MTC  

subband1

.

.

.

.

.

.

MTC 

subband2

m=k1 m=k1+1

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

MTCPUSCH


(a)                                                                           (b)

Figure 1: PUCCH resource allocation for option 1
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Figure 2: PUCCH resource allocation for option 2
Specification and implementation complexity

For both option 1-1 and option 2-1, slot-based hopping in one subframe is not supported. Hence, PUCCH resource index, formulas for PUCCH PRB index and PUCCH resource mapping should be redefined for MTC PUCCH to support transmission with two slots in one subframe located in the same RB. 
For both option 1-2 and option 2-2, legacy PUCCH resource index and formulas for PUCCH PRB index can be reused for MTC PUCCH. To support slot-based hopping in one subframe between different PUCCH narrowband regions, it requires that two PUCCH narrowband regions are symmetrically located in the system bandwidth, and new PUCCH transmission structure, such as using shortened PUCCH in each slot by reserving the last SC-FDMA symbol of each slot, shall be specified supposing one SF-FDMA symbol is enough for retuning from one PUCCH narrowband region to another. If slot-based hopping in one subframe is not supported, each slot shall be configured with a separate PUCCH resource index to make sure that the two slots located in the same PRB according to the legacy PUCCH resource mapping mechanism.
For option 1-1 and option 1-2 without slot-based hopping in one subframe, if PUCCH narrowband region is reserved in each MTC narrowband, PUCCH frequency hopping pattern can be the same as PUSCH/PDSCH, which will reduce the Specification and implementation complexity. 
Resource segmentation and overhead
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, if PUCCH narrowband region is reserved in each MTC narrowband to support using the same frequency hopping pattern with PUSCH/PDSCH, the PUCCH resource overhead will be much larger than that of option 2. If PUCCH narrowband regions are allocated corresponding to the number of MTC UEs and narrowbands in the system, the PUCCH resource overhead is almost the same for both option 1 and option 2 assuming that paired UE with the same PUCCH repetition times shall be scheduled to transmit PUCCH in the same PRB pair with different m value for option 1-2 and option 2-2, otherwise, the PUCCH overhead of option 1-2 and option 2-2 may be larger than that of option1-1 and option 2-1.
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, and if PUCCH narrowband regions are located in MTC narrow band, it will also affect the MTC PUSCH scheduling. Option 2 may not bring in resource segmentation by located beside the legacy PUCCH resource, which will increase the resource utilization.
Retuning
For option 1-1 and option 1-2 without slot-based hopping in one subframe, if PUCCH narrowband region is reserved in each MTC narrowband, retuning may be not needed when PDSCH/PUSCH transmissions switch to PUCCH transmission by using a common frequency hopping pattern for PDSCH/PUSCH as shown in [3], since PUCCH may be located in the same narrowband as PDSCH/PUSCH. 
For option 2, retuning is needed when PDSCH/PUSCH transmissions switch to PUCCH transmission since PUCCH located in a different narrowband from PDSCH/PUSCH. 
Based on the above discussion, option 1 may reduce the retuning time and specification complexity with a cost of more PUCCH overhead, which is not preferred. With equally PUCCH overhead, option 1 has no advantage compared with option2 while option 2 has less resource segmentations than option 1, which reduces the scheduling complexity at eNB. Considering that option 2-2 with slot-based frequency hopping requires retuning in each slot, which reduce the PUCCH capacity in one PRB and reduce PUCCH performance, and it is hard to say whether 1 SC-FDMA can satisfy the retuning requirement, we slightly prefer option 2-1. In addition, PUCCH narrowband regions shall be common for enhanced coverage with all CE levels and normal coverage considering the PUCCH overhead.
For Rel-13 low complexity UEs in normal coverage, PUCCH resource allocation of HARQ-ACK/SR/CSI can be derived following the existing design in previous releases. For simplicity, PUCCH resource index of HARQ-ACK shall be derived following the same mechanism as EPDCCH in legacy system in case that the M-PDCCH directly reuses the EPDCCH mechanism in legacy system.

For Rel-13 low complexity UEs in enhanced coverage, PUCCH resource of HARQ-ACK/SR repetition can be configured semi-statically using RRC signal, to avoid the collision between different UE. 

Hence, we have the following proposals:

Proposal 1: Two PUCCH narrowband regions shall be located at each edge of the system bandwidth, and the PUCCH narrowband regions are shared for enhanced coverage with all CE levels and normal coverage.
Proposal 2: The existing HARQ-ACK/SR/CSI resource allocation methods can be reused for Rel-13 low complexity UEs in normal coverage and enhanced coverage with an exception that semi-static PUCCH resource shall be used for HARQ-ACK repetition.
2.2 PUCCH frequency hopping

Since we support option 2-1 as the PUCCH resource allocation method, frequency hopping pattern for PUCCH can be defined simply with a hopping periodic of X subframes between the two PUCCH narrowband regions located at each edge of the system bandwidth. The X value can be the same as the hopping periodic of PUSCH/PDSCH and shall be defined as a multiple of the number of cross subframe channel estimation if supported for PUCCH.
Hence, we have the following proposal:

Proposal 3: PUCCH frequency hopping shall be defined with a hopping periodic of X subframes between the two PUCCH narrowband regions located at each edge of the system bandwidth.
2.3 Msg4 PUCCH resource allocation
For Rel-13 low complexity UEs in enhanced coverage, semi-static PUCCH resource shall also be used for HARQ-ACK repetition as for the data transmission after initial access. Considering that there is no RRC signal before the initial access, the following methods shall be used to indicate PUCCH resource for Msg4.
· Alt 1: PUCCH resource for Msg4is indicated in system information, i.e. indicate a PUCCH resource offset while the PUCCH resource for Msg4 can be obtained based on the PRACH resource, preamble index and the PUCCH resource offset
· Alt 2: PUCCH resource for Msg4is indicated in RAR
· Alt 3: PUCCH resource for Msg4is indicated in msg4
Since there may be no spare bits in the current RAR structure to indicate PUCCH resource, Alt 2 requires redefinition of RAR structure in RAN2, which is not preferred. For Alt 1, there shall be at most 10*1*64=640 PUCCH resources reserved for Msg4 assuming that all subframes in one radio frame and all 64 preambles can be used for FDD, which will occupy 18 PRBs even when 
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=1. Alt 3 requires less PUCCH resource reserved for Msg4 compared with Alt 2, by indicating different UEs to share the same PUCCH resources. Therefore, we prefer Alt 3 to reduce the PUCCH overhead.
For Rel-13 low complexity UEs in normal coverage, design for Msg4 PUCCH resource allocation can either reuse the existing design in previous release with a PUCCH resource offset configured in system information or can be aligned with the design in enhanced coverage.

Hence, we have the following proposal:

Proposal 4: PUCCH resource for Msg4 shall be indicated in msg4 at least for Rel-13 low complexity UEs in enhanced coverage.
3 Conclusions

Based on the discussion on PUCCH resource allocation and frequency hopping for Rel-13 low complexity UEs, we have the following proposals:
Proposal 1: Two PUCCH narrowband regions shall be located at each edge of the system bandwidth, and the PUCCH narrowband regions are shared for enhanced coverage with all CE levels and normal coverage.
Proposal 2: The existing HARQ-ACK/SR/CSI resource allocation methods can be reused for Rel-13 low complexity UEs in normal coverage and enhanced coverage with an exception that semi-static PUCCH resource shall be used for HARQ-ACK repetition.
Proposal 3: PUCCH frequency hopping shall be defined with a hopping periodic of X subframes between the two PUCCH narrowband regions located at each edge of the system bandwidth.
Proposal 4: PUCCH resource for Msg4 shall be indicated in msg4 at least for Rel-13 low complexity UEs in enhanced coverage.
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