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1.  Introduction
In RAN #92-e meeting, the WID on NR coverage enhancements was revised [1]. According to the revised WID, RAN2 is going to collaborate with RAN1 to specify mechanisms to support Type A PUSCH repetitions for Msg3. After the past several RAN1 meetings, RAN1 has made some progress on Msg3 repetition for coverage enhancement during random access procedure. From the FL summary [2] and the chair’s notes [3] in RAN1 #105-e, we can already foresee many RAN2 impacts.
In this contribution, we analyse how to support Msg3 repetition feature from RAN2 perspective.
2.  Discussion
2.1 Msg3 repetition request
RAN1 has agreed that a UE can request Msg3 PUSCH repetition and the gNB can indicate the number of repetitions. As for how the UE requests Msg3 repetition, RAN1 has the following agreements and whether separate RO is supported is still FFS [3].
	Agreement:
· For requesting Msg3 PUSCH repetition, support the following:
·  Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).
· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include
· the separate RO configured by a separate RACH configuration index from legacy UE, and
· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.


Note that after last RAN2 meeting, RAN2 identified a common design for RACH partitioning is needed, to deal with the issue that plenty of features intend to use specific RACH resources for initial indication. These features include SDT, CovEnh, RedCap, RAN slicing, etc. Msg3 repetition is one part of CovEnh, and we assume that UEs can use the common RACH partitioning design to request Msg3 repetition. Otherwise, it would cause fragmentation in the usage of the shared RACH resource and add much complexity to the standard due to incompatibility to other features. As for how to perform RACH partitioning for feature combination, e.g., a UE requests Msg3 repetition and indicates reduced capabilities to the network at the same time, please refer to our contribution on the common design of RACH partitioning and we think both shared and separate RO can be supported and configurable [4].
Proposal 1: For differentiating UEs requesting Msg3 repetition, RAN2 assumes whether separate RO is supported or not should follow the principle in RACH indication and partitioning discussions.
RAN1 has made some progress on the condition when the UE should request Msg3 repetition, see below extracted agreements.
	Agreement: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.
· FFS the determination of the RSRP threshold.


In RA procedure, UEs need to evaluate if the condition is met and then select the corresponding RA resources including RO and preamble. When a UE decides to perform 4-step RA and meanwhile the above condition is met, this UE will select RA resources for Msg3 repetition request similar to the RA resource selection between 2-step and 4-step RA.
Proposal 2: During RA resource selection for 4-step RA, a UE shall compare the RSRP of the downlink pathloss reference with the RSRP threshold indicated in SIB1, and then select the corresponding RA resources to indicate if the UE requests Msg3 PUSCH repetition.
2.2 Msg3 repetition transmission
Whether to support Msg3 early termination in NR is currently under RAN1’s discussion. No matter whether this feature will be supported or not, adding some clarifications in the current MAC spec would be helpful for disambiguation.
If Msg3 early termination will be supported, then UEs shall start/re-start ra-ContentionResolutionTimer after each Msg3 repetition transmission. The relevant description of this procedure in the current MAC spec [5] is extracted as follows.
	Once Msg3 is transmitted the MAC entity shall:
1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;


Based on the above description, we can interpret that Msg3 early termination is already supported provided that each repetition of Msg3 initial transmission, except the first transmission within this bundle, is regarded as a HARQ retransmission. In the current MAC spec [5], PUSCH repetitions except the first transmission within a bundle scheduled by DG or CG are HARQ retransmissions, see below extracted sentences.
	The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant is given by REPETITION_NUMBER as follows:
-	For a dynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.1 of TS 38.214 [7];
-	For a configured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.3 of TS 38.214 [7].
If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.


However, for Msg3 initial transmission, RAN1 assumed that using RAR UL grant to indicate the number of repetitions [3]. RAR UL grant is received in RAR, which different from a CG or DG, so we may not say that each Msg3 repetition after the first transmission with a bundle is a HARQ retransmission according to the current spec. But it’s reasonable to re-use the similar rule of CG and DG, and we can add some clarifications to state that each Msg3 repetition scheduled by RAR grant, except the first transmission within the bundle, is a HARQ retransmission.
Observation 1: If to support Msg3 early termination, one way is clarifying each Msg3 repetition scheduled by RAR grant, except the first transmission within the bundle, is a HARQ retransmission.
If Msg3 early termination will not be supported, some clarifications are needed as well. In LTE, Msg3 PUSCH repetition feature is supported for NB-IoT UE, BL UE and UE in enhanced coverage. The relevant RA procedure in LTE [6] is extracted as follows. According to the highlight part, we can see that Msg3 early termination is not supported in LTE. 
	Once Msg3 is transmitted, the MAC entity shall:
-	if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:
-	if, for EDT, edt-SmallTBS-Enabled is set to TRUE for the corresponding PRACH resource:
-	start mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission of the bundle in the subframe corresponding to the last subframe of a PUSCH transmission corresponding to the largest TBS indicated by the UL grant.
-	else:
-	start mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission of the bundle in the subframe containing the last repetition of the corresponding PUSCH transmission.


For NR, if we do not support Msg3 early termination, we also can specify the start/restart time of ra-ContentionResolutionTimer as in LTE. Specifically, for Msg3 initial transmission and retransmission, UE shall start/re-start ra-ContentionResolutionTimer after the last repetition of the Msg3 initial transmission and retransmission.
Observation 2: If not to support Msg3 early termination, one way is specifying the start/restart time of ra-ContentionResolutionTimer in the NR MAC spec.
Proposal 3: RAN2 to discuss and decide how to (re-)start ra-ContentionResolutionTimer in support of Msg3 PUSCH repetition between Option 1 and Option 2.
-	Option 1: Start and restart at each Msg3 PUSCH repetition within a bundle of Msg3 PUSCH
-	Option 2: Start at the last Msg3 PUSCH repetition within a bundle of Msg3 PUSCH 
3. Conclusion
In this contribution, we discussed the Msg3 PUSCH repetition from RAN2 perspective. And we have the following observations and proposals.
Proposal 1: For differentiating UEs requesting Msg3 repetition, RAN2 assumes whether separate RO is supported or not should follow the principle in RACH indication and partitioning discussions.
Proposal 2: During RA resource selection for 4-step RA, a UE shall compare the RSRP of the downlink pathloss reference with the RSRP threshold indicated in SIB1, and then select the corresponding RA resources to indicate if the UE requests Msg3 PUSCH repetition.
Observation 1: If to support Msg3 early termination, one way is clarifying each Msg3 repetition scheduled by RAR grant, except the first transmission within the bundle, is a HARQ retransmission.
Observation 2: If not to support Msg3 early termination, one way is specifying the start/restart time of ra-ContentionResolutionTimer in the NR MAC spec.
Proposal 3: RAN2 to discuss and decide how to (re-)start ra-ContentionResolutionTimer in support of Msg3 PUSCH repetition between Option 1 and Option 2.
-	Option 1: Start and restart at each Msg3 PUSCH repetition within a bundle of Msg3 PUSCH
-	Option 2: Start at the last Msg3 PUSCH repetition within a bundle of Msg3 PUSCH
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