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1. Introduction

In RAN1#75 meeting, following agreements were achieved on coverage enhancement of the RACH procedure including PRACH transmission for the MTC UEs [1]. 
Agreements:

· WA on usage of existing PRACH formats from RAN1#74bis is confirmed.

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 

· FFS for multiplexing repetition level(s) within shared time/freq. resources
· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.
· Within new region, at least CDM is allowed.

· FFS for Frequency Hopping

· NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.
Agreements:

· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· Number of repetitions per level: 

· FFS for configurable value. 

· FFS ranges of this value per level – come back later in week.

· 1 attempt = configured number of repetitions.
· FFS: Power ramping is supported
· If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15). 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc).

In this contribution, we address and discuss on the RACH procedure to support coverage enhancement for the MTC UEs. More specifically, some consideration points related to transmission of the PRACH, and subsequently transmitted RAR and Msg3/4, are provided. 
2. RACH procedure for coverage enhancement of the MTC UEs
During RACH procedure, subsequent transmission of four messages is performed between UE and eNB: PRACH as first transmission (UE to eNB), RAR as second transmission (eNB to UE), Msg3 as third transmission (UE to eNB), and Msg4 as fourth transmission (eNB to UE).

█ PRACH transmission
First of all, it is to be decided on whether the number of PRACH coverage enhancement (i.e. CE) or repetition levels simultaneously configured via SIB is one or multiple. Regarding deployment of the MTC devices in various locations, required CE level would be different between the MTC UEs due to different channel condition. Under this situation, considering the case that a large number of MTC UEs simultaneously attempts to initially access to network or use PRACH to acquire sync, configuring only one PRACH repetition level (corresponding to the worst case) would be inefficient and undesirable in the aspects of both UE power consumption and system overhead. Therefore, it is reasonable that multiple PRACH repetition levels are configured via SIB and PRACH resource is to be differently assigned according to each of those levels, from overhead/efficiency perspective. Based on this PRACH configuration, it is also reasonable that PRACH is to be used for the MTC UE to indicate its required CE level. 
Proposal 1: Multiple PRACH repetition levels can be configured via SIB for system overhead/ efficiency and PRACH resource is to be differently assigned for each level. 
█ Subsequent messages
After transmitting the PRACH (with repetition over multiple subframes), the MTC UE may be expected to receive the corresponding RAR conveying some relevant information (e.g. TA command, etc.). Due to the coverage limitation of the MTC UE, RAR might also have to be transmitted/received by applying time domain repetition. To support this operation, information related to RAR repetition (e.g. repetition number for both RAR and corresponding PDCCH) is to be preconfigured via SIB, and this information is to be linked to each PRACH repetition level. Moreover, determination of RAR window size for reception of RAR repetition is to be considered for the MTC UEs by taking both RAR latency of the MTC UE and potential impact on legacy UE into account. In addition to this, determination of RA-RNTI value used for decoding of the PDCCH to schedule RAR is to be reconsidered for the MTC UEs as well, by taking duration/repetition and transmit timing of the PRACH into account. 
Proposal 2: To support repetition of the RAR, relevant information (e.g. repetition number for both RAR and corresponding PDCCH) is to be preconfigured via SIB.
After receiving the RAR, the MTC UE may be expected to transmit the corresponding Msg3 (by PUSCH) to the eNB for identification of the UE. In case of the coverage-limited MTC UEs, Msg3 might have to be transmitted by applying time domain repetition as well, and relevant information for Msg3 repetition (e.g. repetition number for PUSCH) is to be preconfigured via SIB or signalled via RAR. In case of configuring via SIB, information for Msg3 repetition can also be linked to each PRACH repetition level. And after transmitting the Msg3, the MTC UE may be expected to receive the corresponding Msg4 (by PDSCH) from the eNB for resolution of the contention. Regarding repetition of Msg4 transmission for the coverage-limited MTC UEs, relevant information (e.g. repetition number for both PDSCH and corresponding PDCCH) is also to be preconfigured via SIB (can also be linked to each PRACH repetition level) or signalled via RAR. 
Proposal 3: To support repetition of Msg3/4, relevant information (e.g. repetition number for PDSCH/ PUSCH and corresponding PDCCH) is to be configured via SIB or RAR.
3. Conclusion
We addressed and discussed on the RACH procedure to support coverage enhancement of the MTC UEs. Finally, we suggest: 
Proposal 1: Multiple PRACH repetition levels can be configured via SIB for system overhead/ efficiency and PRACH resource is to be differently assigned for each level. 
Proposal 2: To support repetition of the RAR, relevant information (e.g. repetition number for both RAR and corresponding PDCCH) is to be preconfigured via SIB.
Proposal 3: To support repetition of Msg3/4, relevant information (e.g. repetition number for PDSCH/ PUSCH and corresponding PDCCH) is to be configured via SIB or RAR.
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