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

	Agreements:
· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband
· Support Option 1 for the case of multiple MAC RARs in a narrowband
· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR
· 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

· Note: if Option 1 is adopted, this does not preclude the possibility of specifying a single frequency resource for M-PDCCH

· NOTE: “Transmission of RAR” includes Options 1, 2, 3 for RAR transmission mechanism (which will be down-selected)

· If Option 1 is adopted, the repetition level, subframe(s), frequency resource(s) here refers to that of M-PDCCH


In this contribution we discuss further physical layer aspects of RAR, Msg3 and Msg4 for LC/CE UEs. PRACH resource allocation aspects are discussed in companion RAN1 contribution [2] and higher layer aspects are discussed in RAN2 contribution [3].

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

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 RAR for LC/CE UEs is either scheduled with or carried by M-PDCCH, whereas legacy RAR is scheduled by PDCCH.
According to the working assumption, in case the transmission contains a single MAC RAR message to a single LC/CE UE, it should be transmitted directly in the DCI in the M-PDCCH (‘Option 2’), whereas if the transmission contains multiple MAC RAR messages to multiple LC/CE UEs, they should be transmitted in a PDSCH transport block scheduled by M-PDCCH (‘Option 1’).
The working assumption means that the UE needs to support both Option 1 and Option 2, but the associated computational burden should not be much of a concern. The UE will anyway have the capability to make blind attempts to decode M-PDCCH with different DCI sizes, so it should be straightforward to decode one DCI size for Option 1 and one DCI size for Option 2. It should be sufficient with a single MAC RAR size, as in the legacy case, so the number of blind decoding hypotheses will be small. The UE’s M-PDCCH decoding capability will be dimensioned by other reception types than RAR.
Proposals:
· Confirm the working assumption to support Option 2 for the case of a single MAC RAR in a narrowband.

· Confirm the working assumption to support Option 1 for the case of multiple MAC RARs in a narrowband.

According to RAN#82 agreements, the UE will know the frequency location, the starting subframe and the repetition factor for the RAR transmission from its most recent PRACH transmission. It is suggested but not explicitly stated that frequency multiplexing is supported. We have provided results on RAR blocking probability in [4]. In order to ensure low enough blocking probability for RAR we believe that frequency multiplexing needs to be supported.
Proposal:

· Multiplexing of RAR messages in the frequency domain is supported.
The timing of the RAR transmission can be similar to legacy, that is, the UE monitors for RAR during RA response window which starts at the end of preamble transmission plus 3 subframes and lasts for [image: image5.png]


 RAR transmission opportunities. Today the UE monitors RAR over the ra-ResponseWindowSize subframes. The response window duration will stretch beyond the current maximum of 10 subframes for UEs in enhanced coverage. The size of the window could depend on the number of repetitions used, e.g., for RAR repetition factor [image: image7.png]


 the duration of the window should be [image: image9.png]


 subframes. Then a UE would monitor for RAR during the window, where possible opportunities for RAR repetitions would occur every R subframes. Extension of the RA response window can be considered a RAN2 issue.
Observation:

· The RA response window duration can be extended for Rel-13 LC/CE UEs based on the RAR repetition factor.
4 Msg3
After RAR, UEs which have successfully received the RAR transmit Msg3 containing the UE identity used for contention resolution and layer 2/3 signalling message, such as RRC connection request etc. HARQ is used for Msg3 and subsequent messages, and we have not seen reasons to deviate from this scheme.
Proposals:
· HARQ with repetitions is supported for Msg3.

· The UL grant in RAR indicates the frequency location and the number of PUSCH repetitions for Msg3.

· HARQ retransmissions of Msg3 are scheduled similarly as other PUSCH transmissions.
5 Msg4
After Msg3, the eNB replies with Msg4, the final message in the initial random access procedure, resolving possible contention. Msg4 is a unicast transmission, currently scheduled with PDCCH. Similarly as for Msg3, the repetition factors for M-PDCCH and PDSCH should be made available to the UE without using dedicated RRC configuration. 

Proposals:

· HARQ with repetitions is supported for Msg4.

· UE-specific M-PDCCH is used to schedule initial HARQ transmission of Msg4, including indicating the frequency location and number of PDSCH repetitions for Msg4.
· HARQ retransmissions of Msg4 are scheduled similarly as other PDSCH transmissions.
6 Conclusions

In this contribution we discussed RAR, Msg3 and Msg4 for LC/CE UEs and make the following proposals:

Proposals for RAR:
1. Confirm the working assumption to support Option 2 for the case of a single MAC RAR in a narrowband.

2. Confirm the working assumption to support Option 1 for the case of multiple MAC RARs in a narrowband.

3. Multiplexing of RAR messages in the frequency domain is supported.

Proposals for Msg3:

4. HARQ with repetitions is supported for Msg3.

5. The UL grant in RAR indicates the frequency location and the number of PUSCH repetitions for Msg3.

6. HARQ retransmissions of Msg3 are scheduled similarly as other PUSCH transmissions.

Proposals for Msg4:

7. HARQ with repetitions is supported for Msg4.

8. UE-specific M-PDCCH is used to schedule initial HARQ transmission of Msg4, including indicating the frequency location and number of PDSCH repetitions for Msg4.

9. HARQ retransmissions of Msg4 are scheduled similarly as other PDSCH transmissions.
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