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1.  Introduction
In RAN2#115-e meeting, many potential RAN2 impacts of Msg3 repetition were identified. RAN2 sent a LS to RAN1 [1], which includes the relevant RAN2 progress and some questions that RAN1 needs to confirm. In addition, RAN2 is discussing RACH partitioning to enable early identification of some features (CovEnh, SDT, RedCap, and slicing) on the network side. In parallel with the RAN1 discussion and RAN2 RACH partitioning discussion, we provide our analysis of remaining RAN2 issues in this contribution.
2.  Discussion
2.1 Configurations for Msg3 repetitions 
RAN2 sent a LS to RAN1 for confirming the following questions:
	· Question 1:	Does RAN1 think it is feasible to support Msg3 repetition on both NUL and SUL? If it is feasible, whether different RSRP thresholds for requesting Msg3 repetition are needed for NUL and SUL?
· Question 2:	Does RAN1 think it is feasible to configure random access preamble Group B together with Msg3 repetition?
· Question 3:	For Msg1 transmission used to request Msg3 repetition, does RAN1 see any issue and benefit of optionally configuring a separate set of RACH parameters?


The reply from RAN1 is as follows [2]:
	Answer to Question 1: Yes. From RAN1 perspective, it is feasible to support Msg3 repetition on both NUL and SUL. RSRP threshold for requesting Msg3 repetition is configured per uplink carrier and different values of this threshold between NUL and SUL can be configured.
Answer to Question 2: Yes. From RAN1 perspective, it is feasible to support both Group A with or without Msg3 repetition and Group B with or without repetition. Majority companies in RAN1 see the necessity of supporting Group B with Msg3 repetition while no consensus reached in RAN1.  If supported, a separate set of Group B related parameters such as ra-Msg3SizeGroupA, messagePowerOffsetGroupB and numberOfRA-PreamblesGroupA for request of Msg3 repetition can be introduced. 
Answer to Question 3: RAN1 has no consensus on optionally configuring a separate set of RACH parameters for preambleReceivedTargetPower, powerRampingStep, preambleTransMax for requesting Msg3 repetition with shared RO. If separate RO is supported for requesting Msg3 PUSCH repetition (not supported yet and no consensus in RAN1), RAN1 thinks a separate set of RACH parameters can be configured.


For Question 1, based on the view of RAN1, it is preferable to support Msg3 repetition on both NUL and SUL, so that we can extend the coverage on a larger scale. Besides, the values of the thresholds for requesting Msg3 repetition for NUL should be different from that for SUL since the RSRPs of the UEs on NUL and that of the UEs on SUL are at different levels.
Proposal 1a: Msg3 repetition can be supported on both NUL and SUL and different values of RSRP thresholds for requesting Msg3 repetition can be configured per uplink carrier.
Then, the next issue relevant to ASN.1 is whether this threshold for requesting Msg3 repetition should be configured per cell or per BWP. The current RSRP thresholds for carrier selection and RA type selection are provided within RACH-ConfigCommon, configured per BWP. Thus it would be more compatible with the existing ASN.1 structure of RACH parameters in the manner of per BWP configuration. Nevertheless, it is worth noting that for the RSRP threshold for carrier selection, the values should be common to all the BWPs, which reflects that it is equivalent to per cell configuration.
	rsrp-ThresholdSSB-SUL
The UE selects SUL carrier to perform random access based on this threshold (see TS 38.321 [3], clause 5.1.1). The value applies to all the BWPs.


Proposal 1b: The RSRP threshold for requesting Msg3 repetition is configured per BWP, whether the values should be applied to all the BWPs needs further discussions.
For Question 2, our understanding is that the UE is able to choose the preambles in Group B on condition that the path loss is relatively good. However, normally UEs can request Msg3 repetition only when they are in bad channel conditions. Hence, the motivation for Group B is not well justified. Given the very limited time budget, we slightly prefer not to introduce Group B with Msg3 repetition, and can be revisited in future releases if there is a need. Nevertheless, Group B is common to all the features for RACH partitioning, and having a unified preamble selection procedure would be much desirable across WIs, then the final call can be up to RACH partitioning discussions.
Proposal 2: RAN2 assumes Group B with Msg3 repetition has not much benefit in Rel-17 but the final decision is up to RACH partitioning. 
For Question 3, the aim of configuring a separate set of RACH parameters for requesting Msg3 repetition is to enhance the performance of Msg1 transmission for those UEs in bad channel conditions. However, if the CE UEs are configured with larger values of preambleReceivedTargetPower, powerRampingStep and preambleTransMax, it may cause considerable interference on the UEs who perform legacy RACH on the shared RO. In view of one discussion concerning PRACH enhancement in Rel-18 UL enhancements, it seems more appropriate to leave the issues concerning the separate configuration of RACH parameters to Rel-18.
Proposal 3: RAN2 assumes that a separate set of RACH parameters for requesting Msg3 repetition is not supported in Rel-17.
2.2 Cell selection
In the last RAN2 meeting, we discussed whether to introduce separate cell selection criterion S parameters (e.g., Qrxlevmin and Qqualmin) for UEs supporting Msg3 repetition. In LTE eMTC, not only Msg3 can be sent repeatedly, but also PRACH, PUCCH, and PUSCH can be transmitted repeatedly. In Rel-17 NR, however, coverage enhancement related to PRACH is not considered. In this case, we think it’s premature to introduce separate cell selection criterion S parameters in this stage. In addition, it is worth noting that coverage enhancement is also a potential item in Rel-18 [7], and PRACH enhancement could be a direction to pursue. Therefore, we propose not to introduce separate cell selection criterion S parameters for UEs supporting Msg3 repetition in Rel-17.
Proposal 4: In Rel-17, do not introduce separate cell selection criterion S parameters (e.g., Qrxlevmin and Qqualmin) for UEs supporting Msg3 repetition.
2.3 BWP operation
When UEs are in RRC_CONNECTED state, they may be configured with multiple BWPs. If the active UL BWP is not the one indicated by initialUplinkBWP, it is possible that only one of the RACH resource for indicating Msg3 repetition (i.e. CE RACH resource) and normal RACH resource is configured, which would further affect the following RA initialization and resource selection procedure.
Specifically, when the active UL BWP is not the one indicated by initialUplinkBWP, there are the following four cases concerning its RACH configuration (only CBRA is considered here):
· Case 1: No RACH resource at all on the active UL BWP.
In this case, the UE switches the active UL BWP to the BWP indicated by initialUplinkBWP as in the legacy RA procedure [4].
· Case 2: Both the CE RACH resource and normal RACH resource are configured on the active UL BWP.
If the RA type is chosen to be 4-step, the UE has to decide whether or not to request Msg3 repetition by evaluating the criterion and uses the corresponding RACH resource.
· Case 3: Only normal RACH resource is configured on the active UL BWP.
For the Msg3 repetition capable UE, in case only normal RACH resource is configured, there is a great chance that RACH resources are insufficient. Hence, we propose the UE can just perform the normal RA procedure on this active UL BWP and whether to switch to initial BWP can be further discussed.
· Case 4: Only the CE RACH resource is configured on the active UL BWP.
Provided that the UE would suffer a bad channel condition with a high probability (e.g., near the cell edge), it is feasible to configure a dedicated BWP with the CE RACH resource alone. In this case, the UE shall follow the 4-step CBRA procedure for Msg3 repetition and it is more likely to fail again even for normal RACH in case CE RACH fails.
Proposal 5: RAN2 confirms that it is feasible to configure either CE RACH resources only or normal CE resources only on the active UL BWP.
Proposal 6: In case only the CE RACH resource is configured on the active UL BWP, the UE shall performs 4-step CBRA for CE and fallback to initial BWP for normal RACH is not supported.
Proposal 7: In case only normal RACH resource is configured on the active UL BWP, the UE shall perform normal RACH, but whether to allow fallback to CE RACH on initial UL BWP needs further discussions.
2.4 SSB selection for CFRA and CBRA switch
In RAN2 #115-e meeting, several proposals have discussed when the decision of Msg3 repetition is performed [8][9] for 4-step CBRA, However, we observe that issue of switch between 4-step CRFA and 4-step CBRA needs further discussion with the support of Msg3 repetition.
In the current MAC spec [4], when the RA procedure was initiated for SpCell BFR or handover and the 4-step CFRA resources have been provided for the selected BWP, CFRA fallback to CBRA is allowed. Specifically, if at least one of the SSBs has SS-RSRP above rsrp-ThresholdSSB amongst the SSBs configured, or at least one CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs is available, UEs will perform 4-step CFRA. Otherwise, UEs will perform 4-step CBRA. Therefore, if the determination of Msg3 repetition is performed before SSB selection, a contradiction may occur, i.e., UEs first determine to request Msg3 repetition based on cell-level RSRP but may trigger 4-step CFRA according to SSB selection where Msg3 repetition is not applicable at all, and the intended UE behaviour should be specified in this case.
Note that this issue is only valid in Msg3 repetition case since only 4-step CBRA is allowed, so it should be CE topic specific issue, and our decision can be used as input to RACH partitioning discussions.
Observation 1: The determination of Msg3 repetition RACH may be revisited in the procedure of SSB selection once 4-step CFRA can be chosen.
Proposal 8: When the 4-step CFRA SSB are available for the selected BWP, one of the following three options can be adopted to proceed with Msg3 repetition RACH:
· Option 1: UEs perform the determination of Msg3 repetition before SSB selection but shall follow 4-step CFRA procedure if 4-step CFRA SSB is available during SSB selection.
· Option 2: UEs first perform the determination of Msg3 repetition. If the criterion for Msg3 repetition is met, UEs shall follow 4-step CBRA procedure and by pass the 4-step CFRA SSB selection.
· Option 3: UEs first evaluate whether 4-step CFRA SSB is available. If any, UEs shall perform 4-step CFRA. Otherwise, UEs proceed to perform the determination of Msg3 repetition.
2.5 Msg3 repetition transmission
Another remaining issue from last meeting is ra-ContentionResolutionTimer. RAN1 postponed their discussion on this issue in the last meeting, because they noticed that RAN2 is discussing the interpretation about the contention resolution timer. In RAN2 #115-e meeting, we have the following agreement [2] and summarized proposal [3].
	Agreement:
Extension of ra-ResponseWindow and ra-ContentionResolutionTimer are not needed for Msg3 repetition.
Summarized proposal:
(To discuss) For starting/re-starting ra-ContentionResolutionTimer in Msg3 repetition, to select one of following options:
·    Option 1: (Re)start ra-ContentionResolutionTimer in the first symbol after all Msg3 repetitions;
·    Option 2: (Re)start ra-ContentionResolutionTimer in the first symbol after each Msg3 repetition.



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 [4] 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 [4], PUSCH repetitions except the first transmission within a bundle scheduled by DG or CG are HARQ retransmissions, see below extracted sentences, and a clarification of Msg3 repetition is hence needed and the repetition number is determined from lower layer, which is also invisible to MAC.
	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.


If Msg3 early termination will not be supported, the start/restart condition needs to be revisited. 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.


We think Option 2 is more compatible with the existing MAC procedure, and Msg3 repetition support with Option 2 would ease the UE implementation. The power benefit for Option 1 is not obvious given Msg3 repetition occurs not frequently. Thus we slightly prefer Option 2
Proposal 9: Start and restart ra-ContentionResolutionTimer at each Msg3 PUSCH repetition within a bundle of Msg3 PUSCH. 
Proposal 10: The bundling operation is applicable to Msg3 repetition, and the repetition number is determined from lower layer, similar to bundling of dynamic grant and configured grant.
2.6 UE capability
In initial access procedure, a UE reports its Msg3 repetition capability implicitly when the PRACH resource corresponding to Msg3 repetition request is selected. However, some UEs that support Msg3 repetition may not choose those PRACH resources when they are in good coverage. In this case, the network has no clue whether these UEs support Msg3 repetition. In order to properly configure the Msg3 repetition RACH resources for connected UEs, it is beneficial to introduce UE capability of Msg3 repetition, similar to that for 2-step RA.
Furthermore, in Rel-17 RACH partitioning discussion, RACH resources (i.e., preambles and/or ROs) will be partitioned to many blocks for different features and different feature combinations. The network is expected to utilize an efficient rule to complete the RACH partitioning. If the network has the information that how many UEs have the capability of Msg3 repetition, it is beneficial for the network to make a proper RACH configuration, especially for RACH configuration in a dedicated BWP. For instance, some UEs completed initial access via the initial BWP (BWP #0), then the network wants to configure/activate a dedicated BWP (BWP #1) to these UEs. In this operation, if the network knows the percentage of UEs supporting Msg3 repetition, the network can determine a proper RACH partitioning rule and complete the RACH configuration for BWP #1. The collision probability will be reduced with such a picked configuration.
Since the network is not able to know the total number of UEs supporting Msg3 repetition only through initial access procedure, we propose to support UE capability report of Msg3 repetition in RRC connected mode.
Proposal 11: Introduce UE capability of Msg3 repetition for RRC CONNECTED.
3. Conclusion
In this contribution, we discussed the Msg3 PUSCH repetition from RAN2 perspective. And we have the following observations and proposals.
Configuration of Msg3 repetitions
Proposal 1a: Msg3 repetition can be supported on both NUL and SUL and different values of RSRP thresholds for requesting Msg3 repetition can be configured per uplink carrier.
Proposal 1b: The RSRP threshold for requesting Msg3 repetition is configured per BWP, whether the values should be applied to all the BWPs needs further discussions.
Proposal 2: RAN2 assumes Group B with Msg3 repetition has not much benefit in Rel-17 but the final decision is up to RACH partitioning. 
Proposal 3: RAN2 assumes that a separate set of RACH parameters for requesting Msg3 repetition is not supported in Rel-17.
Cell Selection
Proposal 4: In Rel-17, do not introduce separate cell selection criterion S parameters (e.g., Qrxlevmin and Qqualmin) for UEs supporting Msg3 repetition.
BWP operation
Proposal 5: RAN2 confirms that it is feasible to configure either CE RACH resources only or normal CE resources only on the active UL BWP.
Proposal 6: In case only the CE RACH resource is configured on the active UL BWP, the UE shall performs 4-step CBRA for CE and fallback to initial BWP for normal RACH is not supported.
Proposal 7: In case only normal RACH resource is configured on the active UL BWP, the UE shall perform normal RACH, but whether to allow fallback to CE RACH on initial UL BWP needs further discussions.
SSB selection for CFRA and CBRA switch
Observation 1: The determination of Msg3 repetition RACH may be revisited in the procedure of SSB selection once 4-step CFRA can be chosen.
Proposal 8: When the 4-step CFRA SSB are available for the selected BWP, one of the following three options can be adopted to proceed with Msg3 repetition RACH:
· Option 1: UEs perform the determination of Msg3 repetition before SSB selection but shall follow 4-step CFRA procedure if 4-step CFRA SSB is available during SSB selection.
· Option 2: UEs first perform the determination of Msg3 repetition. If the criterion for Msg3 repetition is met, UEs shall follow 4-step CBRA procedure and by pass the 4-step CFRA SSB selection.
· Option 3: UEs first evaluate whether 4-step CFRA SSB is available. If any, UEs shall perform 4-step CFRA. Otherwise, UEs proceed to perform the determination of Msg3 repetition.
Msg3 repetition transmission
Proposal 9: Start and restart ra-ContentionResolutionTimer at each Msg3 PUSCH repetition within a bundle of Msg3 PUSCH. 
Proposal 10: The bundling operation is applicable to Msg3 repetition, and the repetition number is determined from lower layer, similar to bundling of dynamic grant and configured grant.
UE capability
Proposal 11: Introduce UE capability of Msg3 repetition for RRC CONNECTED.
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