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1. Introduction

In RAN1#74bis meeting, following agreements were achieved on coverage enhancement of RACH procedure including PRACH transmission for the MTC UEs [1]. 
Agreement:

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· Repeating the existing preamble formats for PRACH enhancement (Working assumption)
· Relaxing PRACH requirement is FFS

· Frequency hopping is FFS

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
· Multiple PRACH repetition levels are supported

· FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level

· FFS: details of PRACH resource set, repetition levels

· FFS: details of random access procedure including initial selection for repetition level

· FFS during initial random access procedure if repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefined

· Continue investigations on frequency of initial random access with specific proposals how UE will determine PRACH repetition level for initial access, how respective resources will be signalled, until RAN1 #75 meeting
In this contribution, we address and discuss on the RACH procedure to support coverage enhancement for the MTC UEs. More specifically, consideration points and possible approaches 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 to be 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 are to be configured via SIB for system overhead/ efficiency and PRACH resource is to be differently assigned for each level. 
Moreover, regarding PRACH multiplexing method (e.g. CDM, TDM, FDM), two cases are to be considered: Case 1) multiplexing between legacy PRACH resource and MTC PRACH resource, and Case 2) multiplexing between MTC PRACH resources with different repetition levels. Considering the support of various system bandwidths, it is reasonable to consider CDM and/or TDM for the design of PRACH multiplexing. For Case 1, first of all, it seems to be reasonable to adopt CDM as baseline since reservation of available subframes for PRACH repetition of MTC UEs, which may largely affect total latency consumed for initial access, could be less restricted compared TDM. For Case 2 (with assumption of adopting CDM for Case 1), on the other hand, it is needed to be discussed on which multiplexing method could be more reasonable in terms of impact on legacy UE support (in case of adopting CDM) and latency on initial access by MTC UEs (in case of adopting TDM). 
Proposal 2: CDM can be considered as baseline for multiplexing between legacy PRACH and MTC PRACH while FFS for multiplexing between MTC PRACHs with different repetition levels.
Meanwhile, regarding determination of required CE level from the MTC UE side, it seems to be needed to discuss first on whether the MTC UE is needed or not to determine its required CE level. Considering the case of not determining required CE level by the MTC UE, it can be considered that the MTC UE may attempt to transmit PRACH corresponding to from lowest CE level to highest CE level subsequently until it succeeds to receive RAR from the eNB. On the other hand, in case of determining required CE level by the MTC UE, it may be needed to discuss on in which step (for example, PSS/SSS detection or CRS measurement or PBCH reception, etc.) and by which metric (for example, pathloss or RSRP, etc.) the MTC UE could determine its required CE level. Thus, determination of required CE level by the MTC UE is to be decided by taking both the measurement accuracy from the MTC UE side and the system overhead to support PRACH for the MTC into account.
Proposal 3: Determination of required coverage enhancement level by the MTC UE is to be decided by taking both MTC measurement accuracy and system PRACH overhead into account.
█ Subsequent messages
After transmitting the PRACH (with long duration or repetition), 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 can be linked to the PRACH corresponding to each CE 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 4: 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 the PRACH corresponding to each CE 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 be linked to the PRACH corresponding to each CE level) or signalled via RAR. 
Proposal 5: 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 address and discuss on the RACH procedure to support coverage enhancement of the MTC UEs. Finally, we suggest: 
Proposal 1: Multiple PRACH repetition levels are to be configured via SIB for system overhead/ efficiency and PRACH resource is to be differently assigned for each level. 
Proposal 2: CDM can be considered as baseline for multiplexing between legacy PRACH and MTC PRACH while FFS for multiplexing between MTC PRACHs with different repetition levels.
Proposal 3: Determination of required coverage enhancement level by the MTC UE is to be decided by taking both MTC measurement accuracy and system PRACH overhead into account.
Proposal 4: 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 5: 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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