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1 Introduction
RAN1#80bis, RAN1#81 and RAN2#91 made the following agreements with respect to Msg3 and Msg4 for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs [1].

	RAN1#80bis agreements:
· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)


	RAN1#81 agreements:
· For UEs operating coverage enhancement for PUCCH
· FFS: How to determine PUCCH repetition resources for Msg4 feedback.


	RAN2#91 agreements:
6
Uplink grant in RAR is used for the initial HARQ transmission of Msg3 for Rel-13 low complexity and coverage enhanced UEs.

7
Support HARQ with repetitions for all unicast transmissions after RAR.

FFS whether the repetition factor is also in the RAR or provided/derived by other means


In this contribution we discuss further physical layer aspects of Msg3 and Msg4 for LC/CE UEs.

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 Msg3
After RAR, UEs which have successfully received the RAR transmit Msg3 on PUSCH containing the UE identity used for contention resolution and layer 2/3 signalling message, such as RRC connection request, etc. RAN2#91 agreed that HARQ with repetitions will be supported for all unicast transmissions after RAR which means that HARQ with repetitions is supported for Msg3.
RAN2#91 also agreed that an UL grant in RAR is used for the initial PUSCH HARQ transmission of Msg3 for LC/CE UEs. However, it was left for further study whether the Msg3 PUSCH repetition factor is also in the RAR or provided/derived by other means. Assuming that the PUSCH repetition factor for unicast transmissions as well as for PUSCH HARQ retransmissions for Msg3 will at least partly be indicated in DCI, it seems natural that the PUSCH repetition factor for the initial PUSCH HARQ retransmission for Msg3 is indicated in the UL grant in RAR. RAR content is further discussed in [2].
Ideally the physical channel timing relationships for Msg3 should be inherited from legacy operation or simply the same as for other PUSCH transmissions for LC/CE UEs but this should be studied in detail (efforts in this direction have been made in e.g. [2]). Furthermore, we think frequency hopping should be supported for Msg3, similarly as for other UL transmissions.
Proposal:
· The UL grant in RAR indicates the PUSCH frequency resource allocation and number of PUSCH repetitions for the initial PUSCH HARQ transmission for Msg3.

· Derive the initial UE-specific M-PDCCH search space (for PUSCH HARQ retransmission of Msg3) from the UL grant in RAR.

· At least in CE, frequency hopping over the system bandwidth can be used for Msg3 for Rel-13 MTC UEs.

· Discuss details of physical channel timing relationships for Msg3 for LC/CE UEs.
4 Msg4
When the eNB has received Msg3, it replies with Msg4, the final message in the initial random access procedure, resolving possible contention. Msg4 is a unicast PDSCH transmission, scheduled with PDCCH in legacy operation. RAN2#91 agreed that HARQ with repetitions will be supported for all unicast transmissions after RAR which means that HARQ with repetitions is supported for Msg4.

Similarly as for Msg3, we think that the repetition factors for M-PDCCH and PDSCH should be made available to the UE without using dedicated RRC configuration. The PUCCH resource for Msg4 can be indicated in Msg4 as proposed in [2].
Ideally the physical channel timing relationships for Msg4 should be inherited from legacy operation or simply the same as for other PDSCH transmissions for LC/CE UEs but this should be studied in detail (efforts in this direction have been made in e.g. [3]). Furthermore, we think frequency hopping should be supported for Msg4, similarly as for other DL transmissions.
Proposal:

· Msg4 has the same M-PDCCH search space and number of M-PDCCH repetitions as Msg3.

· PUCCH resource for HARQ-ACK for PDSCH transmission for Msg4 can be indicated in Msg4.

· DCI in M-PDCCH indicates the PDSCH frequency resource allocation and number of PDSCH repetitions for Msg4.
· At least in CE, frequency hopping over the system bandwidth can be used for Msg4 for Rel-13 MTC UEs.

· Discuss details of physical channel timing relationships for Msg4 for LC/CE UEs.
5 Conclusions

In this contribution we discussed Msg3 and Msg4 for LC/CE UEs.
Proposals for Msg3:

1. The UL grant in RAR indicates the PUSCH frequency resource allocation and number of PUSCH repetitions for the initial PUSCH HARQ transmission for Msg3.

2. Derive the initial UE-specific M-PDCCH search space (for PUSCH HARQ retransmission of Msg3) from the UL grant in RAR.

3. At least in CE, frequency hopping over the system bandwidth can be used for Msg3 for Rel-13 MTC UEs.

4. Discuss details of physical channel timing relationships for Msg3 for LC/CE UEs.
Proposals for Msg4:

5. Msg4 has the same M-PDCCH search space and number of M-PDCCH repetitions as Msg3.
6. PUCCH resource for HARQ-ACK for PDSCH transmission for Msg4 can be indicated in Msg4.
7. DCI in M-PDCCH indicates the PDSCH frequency resource allocation and number of PDSCH repetitions for Msg4.
8. At least in CE, frequency hopping over the system bandwidth can be used for Msg4 for Rel-13 MTC UEs.
9. Discuss details of physical channel timing relationships for Msg4 for LC/CE UEs.
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