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1 Introduction
RAN1#81 and RAN1#82 made the following agreements with respect to RAR for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs [1].

	Agreements:
· UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH

· FFS whether the repetition level is a function of the TBS of the RAR or not

· FFS the detailed mapping from the repetition level of PRACH to that of RAR
· UE knows in which subframe(s) transmission of RAR can begin from its most recent PRACH resource set

· UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set


	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 further physical layer aspects of RAR for LC/CE UEs. L2 aspects such as RAR window extension and RA-RNTI calculation are discussed in [2].
2 Illustration of overall random access procedure

Figure 1 illustrates an overall random access procedure supporting coverage enhancements. Different repetition levels, [image: image2.png]


, need to be determined via predefined procedures, possibly partly defined using system information. For simplicity there is no separate notation for M-PDCCH repetition factors in this figure, but similar mechanisms could be used to determine the control channel repetition factors.
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Figure 1: Example of random access procedure with coverage enhancements.

3 RAR scheduling
A random access response (RAR) is transmitted in response to a detected PRACH preamble. RAR for LC/CE UEs is transmitted using different format(s) compared to legacy RAR:
· RAR for LC/CE UEs is transmitted over max 6 PRBs and with the possibility for repetition over multiple subframes, whereas legacy RAR can be transmitted over more PRBs but only over a single subframe.
· Furthermore, RAN1#82 has agreed as a working assumption that PDSCH carrying RAR for LC/CE UEs is scheduled with M-PDCCH, whereas PDSCH carrying legacy RAR is scheduled by PDCCH.
[Include potential simulation results from Anders and Hazhir comparing efficiency of M-PDCCH and M-PDCCH+PDSCH]
Proposal:

· Confirm the working assumption to transmit RAR message(s) for Rel-13 low complexity UEs and UEs operating coverage enhancement on M-PDCCH-scheduled PDSCH.

If the above proposal is agreed then it seems natural to try to re-use solutions from the unicast case also in the RAR case unless there are strong technical reasons to do otherwise.
RAN1#81 agreed that the UE knows the repetition level of transmission of RAR from the repetition level of its most recent PRACH but that the detailed mapping from PRACH repetition level to RAR repetition level is for further study. Whether the RAR repetition level is also a function of the TBS is also for further study.
If RAN1 agrees that RAR is carried on M-PDCCH-scheduled PDSCH then it ought to be the M-PDCCH repetition level that should be given by the PRACH repetition level whereas the PDSCH repetition level would be given by the DCI in M-PDCCH (and the M-PDCCH repetition level would not be a function of the PDSCH TBS).
Proposal:
· DCI in M-PDCCH indicates the PDSCH frequency resource allocation and number of PDSCH repetitions for the RAR transmission.
Since DL and UL can experience very different conditions in terms of UL:DL subframe configuration, transmit power, antenna arrangements, radio channel, interference and so on, we think that the relationship between PRACH repetition level and RAR repetition level should not be fixed in the standard but possible to adjust to some extent using SIB parameter(s).

Proposal:
· The relationship between PRACH repetition level and RAR repetition level should be possible to adjust via SIB parameter(s).
4 RAR contents
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Figure 2: Current format of MAC RAR [3]
The legacy MAC RAR is shown in Figure 2. The timing advance command and TC-RNTI fields should not depend on the used coverage level and repetitions, i.e., their sizes should remain the same. The UL grant in RAR is defined in [4] and the contents of this 20-bit grant are:

· 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)

In order to retain the scheduling flexibility of Msg3 and similarity to the legacy procedure we propose that the RAR message contains the repetition factor and time/frequency location of Msg3. In the best scenario, the MAC RAR size and UL grant size within RAR are as today. The UL grant contents could be redefined to remove unnecessary information and include the necessary scheduling information for Msg3, for example like this:
· PUSCH modulation and coding scheme (4 bits) can be kept from the legacy UL grant.

· PUSCH frequency location requires quite many bits if it is desired to maintain a high degree of scheduling flexibility but it can be reduced from the 10 bits in the legacy UL grant to 8 bits if some PUSCH resource allocation sizes are removed (e.g. remove allocations of 4 or 5 PRBs and only keeping 1, 2, 3 and 6 PRBs).

· PUSCH repetition level can be signalled with e.g. 2 bits. These bits can be interpreted as an absolute repetition level or relative to the PRACH repetition level.

· M-PDCCH frequency location can be signalled using 4 bits if it is assumed to span all PRBs in one of the up to 16 narrowbands à 6 PRBs within the maximum system bandwidth 20 MHz.

· M-PDCCH repetition level can be signalled with e.g. 2 bits. These bits can be interpreted as an absolute repetition level or relative to the PRACH repetition level.
Proposal:

· Re-use the legacy MAC RAR format for LC/CE UEs.

· Signal the following information in the UL grant in RAR for LC/CE UEs:

· PUSCH modulation and coding scheme (4 bits)
· PUSCH frequency location for Msg3 (~8 bits)
· PUSCH repetition level for Msg3 (~2 bits)
· M-PDCCH frequency location for Msg4 (~4 bits)
· M-PDCCH repetition level for Msg4 (~2 bits)

5 Conclusions

In this contribution we discussed RAR for LC/CE UEs.
Proposals:
1. Confirm the working assumption to transmit RAR message(s) for Rel-13 low complexity UEs and UEs operating coverage enhancement on M-PDCCH-scheduled PDSCH.

2. DCI in M-PDCCH indicates the PDSCH frequency resource allocation and number of PDSCH repetitions for the RAR transmission.

3. The relationship between PRACH repetition level and RAR repetition level should be possible to adjust via SIB parameter(s).
4. Re-use the legacy MAC RAR format for LC/CE UEs.

5. Signal the following information in the UL grant in RAR for LC/CE UEs:

· PUSCH modulation and coding scheme (4 bits)

· PUSCH frequency location for Msg3 (~8 bits)

· PUSCH repetition level for Msg3 (~2 bits)

· M-PDCCH frequency location for Msg4 (~4 bits)

· M-PDCCH repetition level for Msg4 (~2 bits)
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