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Introduction
In RAN#90-e, a new WID on NR coverage enhancements (CE) was approved [1], and it was further revised in [2] in RAN#91-e. The objectives of this WID include the following enhancements for PUSCH, PUCCH and Msg3. 
	The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. 
The detailed objectives of the work item are as follows:
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]


For CE WI, RAN2 has reserved 0.5 TU starting from Q2 of 2021 in ‘[R1] Misc R1 items, Cov Enh, DSS sched enh etc’ [3]. It was further clarified in RAN#91-e that RACH procedure for using CE Msg3 may require RAN2 discussion and an update of the WID to capture RAN2 aspects can be considered in this RAN plenary meeting [3]. 
	NR Coverage Enh [R1] No specific TU allocation in RAN2 for now. Expected impact: Configuration and UE caps. Control of RACH procedure for using CE Msg3 may require RAN2 discussion and will in any case not start in 21Q2.  An update of the WID to capture such RAN2 aspects can be considered later, e.g. at June 21 TSG RAN. In RAN2 such discussion may  be done together with RedCap as there may be similarity with RedCap UE identification.


Based on the progress achieved in RAN1, it now becomes clear that RAN2 work is required regarding necessary enhancements to RACH procedure for support of Msg3 repetition. In this contribution, we provide a summary of potential RAN2 related aspects, and propose an update of the WID correspondingly.
Discussion
Differentiation mechanisms for Msg3 PUSCH repetition
For Rel-17 UEs capable of Msg3 PUSCH repetition, it requires mechanisms for gNB to identify whether Msg3 PUSCH with or without repetition is requested by such UEs. At the beginning of this WI, both PRACH based mechanism and Msg3 based mechanism were proposed, where the former requires RAN2 related work while the later mainly has RAN1 impacts. Based on the latest progress of RAN1, only PRACH based mechanism is supported, and the following related agreements were reached in RAN1#105-e [4]. 
	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.



Based on above agreements, at least separate preamble with shared RO is supported for differentiation of requesting Msg3 PUSCH repetition. This has RAN2 impacts on ‘Random Access procedure initialization’ and ‘Random Access Resource selection’ in TS38.321 regarding the determination of the preamble used for PRACH transmission. If separate RO configured by a separate PRACH configuration index is additionally supported, it would cause much larger RAN2 impacts. In such case, similar to 2-step RACH, a separate section in TS38.321 for RACH resource selection for Msg3 PUSCH repetition may be needed. 
Observation 1: PRACH based differentiation mechanism for Msg3 PUSCH repetition at least has RAN2 impacts on ‘Random Access procedure initialization’ and ‘Random Access Resource selection’ in TS38.321. 
Observation 2: If separate RO is additionally supported for differentiation of Msg3 PUSCH repetition, it expects to have very large RAN2 impacts on RACH resource selection. 
Conditions of requesting Msg3 repetition
Regarding when a UE can request Msg3 repetition, the following agreements were achieved in RAN1#105-e. 
	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.



The determination of the RSRP threshold in terms of whether it is a new RSPR threshold configured by SIB1 or not could be further carried out in RAN1. Meanwhile, it also requires RAN2 to accommodate the threshold into RAN2 specifications for determination of RACH resource selection. More specifically, the selection between legacy RACH resources and separate RACH resources defined for Msg3 repetition should be specified in TS38.321. In addition, discussion on the relationship with other existing RSRP thresholds may also needed in RAN2. 
Observation 3: It requires RAN2 to accommodate the conditions of requesting Msg3 repetition into RAN2 specifications for determination of RACH resource selection.
Start of ra-ContentionResolutionTimer
In Rel-15/16 RACH procedure, a UE starts the ra-ContentionResolutionTimer and restarts the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission. The UE shall monitor PDCCH for Contention Resolution while the ra-ContentionResolutionTimer is running. If Msg3 repetition is enabled, then it needs to discuss whether or not the ra-ContentionResolutionTimer can start or re-start after one repetition instead of after all repetitions. 
According to the discussion in RAN1#105-e, there are the following two interpretations among companies, and no consensus is reached in RAN1. Therefore, further clarification from RAN2 on this aspect is also required. 
· Interpretation 1: Each HARQ retransmission is one repetition and the timer could be re-started in the first symbol after the end of HARQ retransmission i.e., each repetition. 
· Interpretation 2: The Msg3 transmission in RAN2 specification includes all repetitions, i.e., the timer should start or restart in the first symbol after the end of all Msg3 repetitions. 
[bookmark: _GoBack]Observation 4: RAN2 needs to clarify the interpretation about the start of ra-ContentionResolutionTimer for Msg3 PUSCH repetition. 
Based on above summary of RAN2 related impacts, it’s clear that RAN2 work is required, and an update of the WID to reflect such impacts is desirable. Since there is no specific RAN2 TU for this WI and only 0.5 TU is shared by MISC RAN1-led items, it may not be sufficient for this WI if other MISC RAN1-led items also have RAN2 impact. Therefore, we have the following proposal. 
Proposal 1:
· Update Rel-17 CE WI scope for the objective of Msg3 PUSCH repetition as follows. 
	· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1, RAN2]
· Specify enhancements to RACH procedure for Type A PUSCH repetitions for Msg3 [RAN1, RAN2]


· Sufficient RAN2 TU should be ensured for the discussion on this objective. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: PRACH based differentiation mechanism for Msg3 PUSCH repetition at least has RAN2 impacts on ‘Random Access procedure initialization’ and ‘Random Access Resource selection’ in TS38.321. 
Observation 2: If separate RO is additionally supported for differentiation of Msg3 PUSCH repetition, it expects to have very large RAN2 impacts on RACH resource selection. 
Observation 3: It requires RAN2 to accommodate the conditions of requesting Msg3 repetition into RAN2 specifications for determination of RACH resource selection.
Observation 4: RAN2 needs to clarify the interpretation about the start of ra-ContentionResolutionTimer for Msg3 PUSCH repetition. 
Proposal 1: 
· Update Rel-17 CE WI scope for the objective of Msg3 PUSCH repetition as follows. 
	· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1, RAN2]
· Specify enhancements to RACH procedure for Type A PUSCH repetitions for Msg3 [RAN1, RAN2]


· Sufficient RAN2 TU should be ensured for the discussion on this objective. 
Reference
[bookmark: _Ref525119031]3GPP RAN#90-e, RP-202928, “New WID on NR coverage enhancements”, China Telecom.
3GPP RAN#91-e, RP-210855 “Revised WID on NR coverage enhancements”, China Telecom.
3GPP RAN#91-e, RP-210824, “RAN2 TU planning [91e][49]”, RAN2 Chairman (Moderator). 
3GPP RAN1#105-e, Chairman’s note. 
3GPP RAN1#105-e, R1-2106247, “Final feature lead summary on support of Type A PUSCH repetitions for Msg3”, Moderator (ZTE Corporation). 
1

