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1. Introduction
In RAN1#82 meeting, the followings were agreed for RAR.
Working assumption:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· The working assumption regarding RAR that was made in RAN1#81 was cancelled
In this contribution, we discuss the remaining issues of RAR design for Rel-13 low complexity UEs.
2. Discussion

2.1. RAR transmission method
It was agreed as a working assumption that PDSCH carrying RAR is scheduled by M-PDCCH in order to simplify UE complexity and standardization. It is proposed to confirm the working assumption.

Proposal 1: Confirm the following working assumption.

Working assumption:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· The working assumption regarding RAR that was made in RAN1#81 was cancelled
In previous releases, RAR window is defined to support RAR transmission in one of the subframe within the window scheduled by a PDCCH scrambled with RA-RNTI, so as to achieve load balance. The starting subframe of the RAR window is the first available DL subframe satisfying n+3, where n is the last subframe used for PRACH transmission. 
As it is agreed that ‘For Rel-13 UEs in extended coverage, RA response window duration is extended based on the RAR repetition factor’ by RAN2, RAR window should be preserved for Rel-13 low complexity UEs and UEs in enhanced coverage. One straightforward way is to reuse the timing of current RAR window, i.e. the starting subframe of RAR window is the first available DL subframe satisfying n+3, where n is the last subframe in which PRACH transmission ends. 
Proposal 2: The starting subframe of RAR window follows the existing timie, i.e. the first available DL subframe satisfying n+3, where n is the last subframe in which PRACH transmission ends.

The repetition time of RAR DCI corresponding to different coverage enhancement levels shall be indicated in SIB. The same scheduling timing between unicast DCI and PDSCH shall be used for RAR DCI and RAR carried in PDSCH. The repetition time of RAR carried in PDSCH is proposed to be decided based on the TBS and repetition level [1].
Another issues needs to be resolved is that there may be collision between RAR DCIs corresponding to  different coverage enhancement levels. 
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Figure 1: RAR DCI collision
As shown in Figure 1, since the starting subframe and/or the repetition time for different coverage enhancement levels can be different, the starting subframe for different RAR DCIs transmission may be different too. The repetition period of different RAR DCIs may be partially overlapped. To avoid the collision between different RAR DCIs, separate frequency resources shall be supported for RAR DCI corresponding to different coverage enhancement levels.  In addition, it is possible that only limited narrowbands can be configured for RAR DCI transmission. In this case, RAR DCIs for different coverage enhance levels are transmitted in a FDM manner within the same narrowband.
Hence, we have the following proposals:
Proposal 3: It is supported to configure separate resources for RAR DCI corresponding to different coverage enhancement levels.
2.2. RAR compression
In current specification, the following fields are included in  the 20 bits UL grant carried in RAR (called RAR grant in PHY), and whether it is possible to compress the RAR grant shall be considered.

· Hopping flag – 1 bit

· Fixed size resource block assignment – 10 bits

· Truncated modulation and coding scheme – 4 bits

· TPC command for scheduled PUSCH – 3 bits

· UL delay – 1 bit

· CSI request – 1 bit

Since PUSCH hopping of Rel-13 low complexity UEs shall be configured by higher layer and will follow a predefined hopping pattern, the hopping flag can be removed from the RAR grant for both normal coverage and enhanced coverage. 
In the RB assignment field, 
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bits narrowband index shall be introduced to indicate the narrowband used for PUSCH transmission, where N is the number of narrowbands defined in the system bandwidth, and varies with the system bandwidth. For 20MHz system bandwidth, N can be 16 at most, which means the maximum number of bits used to indicate narrowband index is 4. Since there are at most 6 RBs in one narrowband and PUSCH in enhanced coverage only occupies 1 RB, 
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=3 bits RB allocation field is enough to indicate the RB allocation in one narrowband for Rel-13 low complexity UEs in enhanced coverage. For Rel-13 low complexity UEs in normal coverage, 
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=5 bits RB allocation field shall be used to indicate all possible RB allocations in one narrowband. Therefore, the total bits in RB assignment field shall be no more than 9 bits, which means there is space to compress the bit field.
For MCS field, it is already compressed to support the QPSK and 16QAM only, whether further compression is needed depends on the requirement of coding rate for Rel-13 low complexity UEs. For enhanced coverage, 3 bits MCS field to indicate 8 states with QPSK may be considered.
3 bits TPC field can be removed in enhanced coverage since PUSCH shall use the maximum transmit power. For normal coverage, 3 bits TPC field may be still used to adjust the transmit power of PUSCH.
The UL delay may be not needed in enhanced coverage since all continuous UL subframes can be used for repetition. For normal coverage, UL delay field may be still used to achieve load balance.
Since non-contention based RA is not precluded for Rel-13 low complexity UEs, CSI request may be still used to trigger aperiodic CSI.
Although it is possible to compress the RAR grant as analysis above, considering the MAC RAR is octet-aligned, unless at least 8 bits can be compressed, compression of RAR grant is useless. Based on the above analysis, for normal coverage, there is less than 8 bits can be compressed, which means it is impossible to compress the RAR grant for normal coverage. For enhanced coverage, there is at least 8 bits can be compressed, thus, it is possible to compress the RAR grant for enhanced coverage.
Observation: Most fields in the RAR grant is possible to be compressed for Rel-13 low complexity UEs in enhanced coverage.
Proposal 4: The RAR grant shall not be compressed for Rel-13 low complexity UEs in normal coverage.

Proposal 5: Compression of RAR grant shall be considered for Rel-13 low complexity UEs in enhanced coverage.
3. Conclusion
In this contribution, we discuss the remaining issues for PRACH coverage enhancement with the following observation and proposals: 
Observation: Most fields in the RAR grant is possible to be compressed for Rel-13 low complexity UEs in enhanced coverage.
Proposal 1: Confirm the following working assumption.

Working assumption:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· The working assumption regarding RAR that was made in RAN1#81 was cancelled
Proposal 2: The starting subframe of RAR window follows the existing timie, i.e. the first available DL subframe satisfying n+3, where n is the last subframe in which PRACH transmission ends.

Proposal 3: It is supported to configure separate resources for RAR DCI corresponding to normal coverage and different coverage enhancement levels.

Proposal 4: The RAR grant shall not be compressed for Rel-13 low complexity UEs in normal coverage.
Proposal 5: Compression of RAR grant shall be considered for Rel-13 low complexity UEs in enhanced coverage.
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