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1 Introduction
During RAN1#79 meeting, the following agreements on MTC RAR were approved:
Agreements:[1]
· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs

· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels

· For paging, from RAN1 perspective, followings are beneficial
· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission
Further considerations on RAR for MTC enhancement are discussed in this contribution.
2 RAR coverage enhancement
2.1 RAR transmission scheme
Two RAR transmission schemes for Rel-13 low complexity MTC UEs in coverage enhanced mode have been discussed in the previous meetings:
Alt1: RAR operation without ‘Physical downlink control channel for MTC’;

Alt2: RAR transmission scheduled by (E)PDCCH;
For Alt1, RAR is decoded by blind detection. The complexity of RAR blind detection is mainly determined by several factors, such as the number of UEs multiplexed, RAR detection window length, location of narrow band, MCS for RAR and RAR repetition times, etc. If each of these factors has multiple values, RAR blind detection would be quite complicated, and it is not conducive to UE power consumption reduction. Complexity of RAR blind detection cannot be reduced significantly by setting MCS for RAR and RAR repetition times to a fixed value. It is feasible to decrease the complexity of RAR blind detection by fixing the number of UEs multiplexed, but the flexibility and resource utilization of RAR transmission would be impacted.  Compared with Alt 1, Alt 2 has better scheduling flexibility but with additional overhead of (E)PDCCH. Considering the complexity of blind detection, Alt 1 is not feasible for RAR transmission. Alt2 is preferable for RAR transmission for Rel-13 low complexity MTC UEs in coverage enhanced mode.
Proposal 1: For Rel-13 low complexity MTC UEs in coverage enhanced mode, RAR tranmission is scheduled by (E)PDCCH.
2.2 MAC RAR multiplexing scheme

Three MAC RAR multiplexing schemes for Rel-13 low complexity MTC UEs in coverage enhanced mode have been discussed in previous meetings:
Option 1: Single MAC RAR in one RAR;
Option 2: Multiple MAC RARs with same repetition level in one RAR;
Option 3: Multiple MAC RARs with multiple repetition levels in one RAR;
For Option 1, if BI (Backoff Indicator) is required to transmit, eNB needs to configure it in RAR subheader for each Rel-13 low complexity MTC UE in coverage enhanced mode. In addition, dedicated DCI is needed for each RAR. The signaling overhead for Option 1 would be too high. Compared with Option 1, signaling overhead of BI for Option 2 would be significantly reduced. For Option 3, if Rel-13 low complexity MTC UEs in coverage enhanced mode with multiple repetition levels are multiplexed in one RAR, repetition times of (E)PDCCH indicating the RAR scheduling and/or RAR payload transmitted in PUSCH should be determined according to the highest repetition level. For the UEs in lower repetition level, it may cause serious RAR resource waste. According to the analysis above, Option 2 is the preferable MAC RAR multiplexing scheme for Rel-13 low complexity MTC UEs in coverage enhanced mode.
Proposal 2: For Rel-13 low complexity MTC UEs in coverage enhanced mode, only MAC RARs with same repetition level are multiplexed in one RAR.
2.3 Discussion on contents for MAC RAR
Legacy RAR message structure can be reused for Rel-13 low complexity MTC UEs in coverage enhanced mode, but specific contents in MAC RAR need further consideration. 

· Backoff  Indicator (BI)
For legacy UE, BI is transmitted in “Backoff Indicator subheader”. Considering the PRACH Preamble repetition, current BI value would be unsuitable for Rel-13 low complexity MTC UEs in coverage enhanced mode. Predefining Backoff parameter values for each repetition level may be a simple method. Alternatively, the actual UE Backoff time can be calculated based on the existing Bakeoff parameter values and the PRACH repetition times of the UE.
Proposal 3: RAN2 should consider redesign of Backoff time for Rel-13 low complexity MTC UEs in coverage enhanced mode.
· UL Grant for Msg3 
Msg3 resource allocation related IE “Fixed size resource block the assignment (10 bits)” in MAC RAR may be no longer suitable for Rel-13 low complexity MTC UE in coverage enhanced mode considering bandwidth reduction to 1.4MHz. For example, when 
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= 5bits is needed to indicate the UL resource allocation in a given narrow band, and several  bits are needed to indicate position of the given narrow band. Thus, the total bits needed to indicate UL resource allocation for Msg3 may not equal to 10bits. Msg3 resource allocation related IE  “Fixed size resource block the assignment (10 bits)”  may need optimization for Rel-13 low complexity MTC UE in coverage enhanced mode.
Considering the channel environment of Rel-13 low complexity MTC UEs in coverage enhanced mode, low modulation order and coding rate is preferable for UE’s data transmission. Current MCS indicator related IE “Truncated modulation and coding scheme (4 bits)” may need optimization for Rel-13 low complexity MTC UE in coverage enhanced mode.
Observation 1: Msg3 resource allocation related IE “Fixed size resource block the assignment (10 bits)” and Msg3 MCS indicator related IE“Truncated modulation and coding scheme (4 bits)” in MAC RAR may  be no longer suitable for Rel-13 low complexity MTC UE in coverage enhanced mode.

Proposal 4:  Scheduling optimization of Msg3 should be considered for Rel-13 low complexity MTC UEs in coverage enhanced mode.
During random access procedure, the repetition times of Msg3 can be indicated by PRACH repetition level of the Rel-13 low complexity MTC UE in coverage enhanced mode. Furthermore, if we want to exactly configure the repetition times of Msg3 for each UE, the repetition times of Msg3 can be indicated in MAC RAR.
Proposal 5: The repetition times of Msg3 can be indicated in MAC RAR for Rel-13 low complexity MTC UEs in coverage enhanced mode.
3 Conclusions
Further considerations on RAR for MTC enhancement have been discussed in this contribution. We have following observations and proposals:
Observation 1: Msg3 resource allocation related IE “Fixed size resource block the assignment (10 bits)” and Msg3 MCS indicator related IE “Truncated modulation and coding scheme (4 bits)” in MAC RAR are no longer suitable for Rel-13 low complexity MTC UE in coverage enhanced mode.

Proposal 1: For Rel-13 low complexity MTC UEs in coverage enhanced mode,RAR tranmission is scheduled by (E)PDCCH.
Proposal2: For Rel-13 low complexity MTC UEs in coverage enhanced mode, only MAC RARs with same repetition level are multiplexd in one RAR.
Proposal 3: RAN2 should consider redesign of Backoff time for Rel-13 low complexity MTC UEs in coverage enhanced mode.
Proposal 4:  Scheduling optimization of Msg3 should be considered for Rel-13 low complexity MTC UEs in coverage enhanced mode.
Proposal 5: The repetition times of Msg3 can be indicated in MAC RAR for Rel-13 low complexity MTC UEs in coverage enhanced mode.
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