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1 
Introduction

In RAN1#80, several conclusions were reached with regard to coverage enhancement of RACH as follows [1]:

RACH

RAN1 has agreed that coverage enhancement of PRACH (RACH message 1) will be achieved through repetition of the legacy PRACH formats. Multiple PRACH repetition levels will be supported. RAN1 has agreed as a working assumption that the maximum number of levels is 3 (i.e. 4 if the case without repetition is included). The number of levels should be configurable by eNB up to the maximum number.

RAN1 has also agreed to define one or more additional PRACH time/frequency resource regions for UEs operating CE, apart from the regions for the legacy PRACH configuration. Within such regions, code multiplexing of UEs will be possible through allocation of different PRACH preamble sequence groups to UEs with different repetition levels. Other details are for further study.

Furthermore, RAN1 has agreed that PRACH is used to identify Rel-13 low complexity UEs. The details are for further study.

The random access response (RAR) messages for Rel-13 low complexity UEs and UEs operating coverage enhancements (CE) are transmitted separately from RAR messages for other UEs. Also, RAR intended for Rel-13 low complexity UEs and UEs operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.

After the initial random access procedure, for a physical channel using repetition for coverage enhancement, the repetition level is up to the network.
In this contribution, we would like to focus on issues for RAR, Msg3 and contention resolution for Rel-13 low complexity UE based on RAN1 agreements. The issues related to PRACH transmission (RACH message 1) is discussed in our separate contribution [2].
2 
Discussion
2.1 
Random Access Response (RAR)
In RAN1#80, it was agreed that RAR supports multiple bundle sizes/repetition levels. It means when a repetition level of RAR is configured for MTC-UE, the required time for RAR reception is likely to be extended.
According to the current behaviour, RA response window starts at three subframes after the end of the preamble transmission, and the window size is configured by SIB or dedicated RRC message (2 to 10 subframes).
However, for the UE operating coverage enhancements, the above mentioned window is too short to detect RAR due to the lack of accumulation of signals. Therefore RA response window should be expanded by taking into account the coverage enhanced operation.
Observation:
RA response window needs to be expanded for Rel-13 MTC-UE.
The simplest solution is to have the eNB always transmit RAR with the highest repetition level, but it may result in waste of UE power and radio resources. If, by any means, the eNB knows the repetition level for the low complexity UE, the RAR message can be transmitted with an appropriate repetition level, which can reduce the UE power consumption and the total time of RAR reception caused by always transmitting at highest repetition level.
RAN1 also agreed that there is one to one mapping between PRACH repetition level and PRACH resource set. Regarding this agreement, we think that PRACH resource set can be used to indicate the UE repetition level to the eNB by methods, e.g., selected PRACH preamble group for PRACH transmission [2]. Then the eNB can determine the repetition level for RAR transmission after receiving the corresponding PRACH preamble. In this case, it is natural to expand the size of the RA response window based on the repetition level of RAR. 
Therefore we propose:
Proposal 1:
There is one to one mapping between the repetition level of RAR and the one used for PRACH transmission.

Proposal 1a:
The UE can assume the repetition level of RAR is the same as that used for PRACH transmission.
Proposal 2:
The response window size for RAR reception should be expanded and configured based on the repetition level.
As discussed in RAN1 [3], joint encoding of RAR intended for different UEs may not be suitable for bandwidth reduced UEs and coverage enhanced UEs. Hence, it makes sense to consider UE-specific RAR for bandwidth reduced UEs and coverage enhanced UEs. On the other hand, from the viewpoint of resource efficiency, it is reasonable when multiple MAC RARs with the same repetition level can be jointly encoded in one MAC PDU. So, in our view, UE-specific and/or repetition level specific RAR transmission should be considered. 
If the RAR would be configured by repetition level specific, the resources for RAR message can be implicitly configured based on the RAR repetition level.
Proposal 3:
UE-specific and/or repetition level specific RAR transmission should be considered.
2.2 
Msg3

In the contention based RA, Msg3 would be transmitted via PUSCH. According to RAN1 agreement “After the initial random access procedure, for a physical channel using repetition for coverage enhancement, the repetition level is up to the network”, the repetition level of PUSCH could be separately configured.

Msg3 transmission is scheduled by RAR; therefore, it is possible for the eNB to indicate the repetition level of PUSCH (i.e. Msg3) by additional information in RAR (e.g. MAC-CE). However, the low complexity UE may have limited or no mobility, in which case it may be rare that the repetition level is changed within the RA procedure in a typical scenario. Therefore, it is reasonable to maintain one to one mapping between the repetition level of Msg3 transmission and that of PRACH transmission.
On the other hand, if the eNB is aware that the indicated repetition level via PRACH is not appropriate e.g. due to UE measurement accuracy problem, it may be useful to indicate a repetition level for Msg3 by RAR.
Proposal 4:
RAN2 should discuss whether or not the UE can assume the repetition level of Msg3 transmission is the same as that used for PRACH transmission.
2.3 
Contention resolution

For contention resolution, the contention resolution timer is started when Msg3 is transmitted and configured by SIB or dedicated RRC message (8 to 64 subframes). 

Similar to the RA response window size, the UE operating coverage enhancements also considers the expiration time of contention resolution timer is extended based on the repetition level.
Proposal 5:
Expiration time of contention resolution timer should be extended according to the corresponding repetition level.
3 
Conclusions
The following is the summaries of this contribution:

Observation:
RA response window needs to be expanded for Rel-13 MTC-UE.
Proposal 1:
There is one to one mapping between the repetition level of RAR and the one used for PRACH transmission.

Proposal 1a:
The UE can assume the repetition level of RAR is the same as that used for PRACH transmission.
Proposal 2:
The response window size for RAR reception should be expanded and configured based on the repetition level.
Proposal 3:
UE-specific and/or repetition level specific RAR transmission should be considered.
Proposal 4:
RAN2 should discuss whether or not the UE can assume the repetition level of Msg3 transmission is the same as that used for PRACH transmission.
Proposal 5:
Expiration time of contention resolution timer should be extended according to the corresponding repetition level.
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