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1. Introduction
In RAN1#82bis meeting, the following were agreed for random access:
Agreement:
· For at least initial random access, the criterion for UE to select PRACH resource set is based on RSRP measurement
· PRACH configuration is signaled based on Tables 5.7.1-2 ~ 5.7.1-4 in TS36.211

· Note: the tables may be subject to modification

· The starting frequency location in units of PRB of PRACH resources for each PRACH resource set is signaled

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

· For PDSCH carrying MAC RAR (Msg2)

· The narrowband is indicated in the associated DCI

· For initial PUSCH carrying Msg3
· The narrowband is explicitly indicated in UL grant in RAR
In this contribution, we discuss the remaining issues on random access.
2. Discussion

2.1. RAR transmission
It was agreed in RAN2#91 that RAR window duration is extended based on the RAR repetition factor. The intention is to support multiple RAR transmission opportunities. Note that the RAR window duration extension needs to include both M-PDCCH repetition and associated PDSCH repetition. Consequently, the RAR window duration can be long.

According to the latest RRC parameter from RAN1, the starting subframe of PRACH repetition is not explicitly configured. Then the starting subframe of the later PRACH opportunity corresponding to a number of PRACH repetitions starts right after the end of the previous PRACH opportunity. 

With fixed timing relationship between the end of PRACH repetition and start of RAR window, RAR windows corresponding to different PRACH opportunities may overlap as shown in Figure 1. 
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Figure 1: Example for RAR window overlap
Furthermore, the legacy RA-RNTI calculation takes only subframe and frequency location of PRACH into account. With PRACH repetition, the subframes of different PRACH opportunities can be the same while the radio frames are different. However, based on current RA-RNTI calculation, the RA-RNTIs may be same for different PRACH opportunities.
Then during the time when RAR windows corresponding to different PRACH opportunities are overlapped, eNB cannot indicate which PRACH opportunity the random access response is for as currently only preamble index is included in MAC RAR.
Observation: There may be ambiguity on which PRACH opportunity the random access response is for based on current RA-RNTI calculation, DCI format and MAC RAR.
Therefore, a mechanism to ensure UE to identify the RAR to its PRACH opportunity needs to be introduced. For example, a set of RA-RNTI values can be defined for each PRACH repetition level to distinguish multiple consecutive PRACH opportunities. Other mechanism such as introduce PRACH opportunity indicator in DCI for RAR scheduling or MAC RAR can also be considered.
Proposal 1: Mechanism to distinguish multiple consecutive PRACH opportunities needs to be introduced.
2.2. Msg3 transmission
Msg3 initial transmission

In the current LTE system, the legacy UE transmits msg3 in the first available subframe n+k1 after it receives the response to the transmitted preamble sequence in RAR message in subframe n, where k1>=6, if the UL delay field in RAR is set to zero. The UE shall postpone the PUSCH transmission to the next available UL subframe if the field is set to 1. 
Basically, the legacy timing relationship between Msg 3 initial transmission and RAR can be reused. Whether UL delay is preserved in MAC RAR is under discussion. Therefore, we have the following proposal.
Proposal 2: UE follows the current timing between Msg 3 initial transmission and RAR if UL delay is included in RAR. Otherwise, UE starts Msg3 transmission in the first available subframe n+ k1 where n is the last subframe in which UE receives the response to the transmitted preamble sequence in RAR message and k1>=6.
Msg3 retransmission

HARQ is supported for Msg3 transmission. It has been agreed that PHICH is not supported for Rel-13 low complexity UEs. Alternatively, UL grant can be used to convey ACK/NACK. However, the HARQ-ACK feedback overhead is significant. A possible solution is to introduce a new DCI format to convey ACK/NACK(s) for a group of UEs in CSS. In order to distinguish the new DCI format, new RNTI needs to be introduced. Multiple new RNTIs can be introduced each associated with one RA-RNTI. UE determines the new RNTI according to RA-RNTI whereafter derives the corresponding ACK/NACK in the DCI. The multiplexing order of ACK/NACK for UEs can follow that in a RAR.  

Proposal 3: A new DCI format for HARQ-ACK feedback of Msg 3 for multiple UEs is introduced. 
2.3. Msg4 transmission
Scheduling scheme 

Msg 4 is the first unicast message. In the current specification, msg4 is scheduled by PDCCH in CSS or USS. For the MTC UEs, msg4 is scheduled by M-PDCCH. Note that currently the dedicated configuration of EPDCCH is carried in msg 4.  

In order to schedule msg 4 by M-PDCCH in USS, the configuration of USS needs to be known either by SIB or RAR. If the USS configuration is broadcasted in SIB, it is impossible to achieve UE-specific configuration considering the overhead. If the USS configuration is conveyed in RAR, the payload size of RAR would be significantly increased which would degrade the performance of RAR. Therefore, it is proposed that msg 4 is scheduled in CSS only.
Proposal 4: Msg 4 is scheduled by M-PDCCH in CSS only.
Msg4 reception window
In the current system, the higher layer starts a mac-ContentionResolutionTimer after the UE transmits msg3 and the timer is restarted when the UE retransmits msg3 [3]. UE regards that contention resolution fails if the UE has not received msg4 when the timer expires. UE needs to monitor PDCCH for msg4 DL grant until the timer expires or stops. For Rel-13 low complexity UE in normal coverage, msg4 reception window should follow the current scheme.
For coverage enhanced UE, it is necessary to define a clear timing between msg3 and msg4, because UE needs to know the starting subframe of msg 4 scheduling for combining. A simple approach is that UE shall detect DCI for msg4 following the timing used for USS. This timing can be applicable for both FDD and TDD.  It is FFS if an extended mac-ContentionResolutionTimer is needed for coverage enhanced UE.
Proposal 5: For Rel-13 low complexity UEs in normal coverage, mac-ContentionResolutionTimer is reused for contention resolution.
Proposal 6: For coverage enhanced UE, the starting subframe of msg 4 scheduling needs to be defined.
3. Conclusion
In this contribution, we discuss remaining issues for Rel-13 low complexity UEs and UEs in enhanced coverage with the following observation and proposals: 
Observation: There may be ambiguity on which PRACH opportunity the random access response is for based on current RA-RNTI calculation, DCI format and MAC RAR.
Proposal 1: Mechanism to distinguish multiple consecutive PRACH opportunities needs to be introduced.
Proposal 2: UE follows the current timing between Msg 3 initial transmission and RAR if UL delay is included in RAR. Otherwise, UE starts Msg3 transmission in the first available subframe n+ k1 where n is the last subframe in which UE receives the response to the transmitted preamble sequence in RAR message and k1>=6.
Proposal 3: A new DCI format for HARQ-ACK feedback of Msg 3 for multiple UEs is introduced.

Proposal 4: Msg 4 is scheduled by M-PDCCH in CSS only.
Proposal 5: For Rel-13 low complexity UEs in normal coverage, mac-ContentionResolutionTimer is reused for contention resolution.
Proposal 6: For coverage enhanced UE, the starting subframe of msg 4 scheduling needs to be defined.
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