	
[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #116bis-e                                     R2-2201617	
On-line, 17st Jan. – 25th Jan., 2022	 

Agenda item:	8.19.2
Source: 	Huawei, HiSilicon
Title: 	Remaining issues on RAN2 support of Msg3 PUSCH repetition
Document for:	Discussion and Decision
1.  Introduction
In this contribution, we intend to discuss the remaining issues on RAN2 impacts of Msg3 repetition, based on recent RAN1 and RAN2 progress. 
2. Discussion
2.1 CFRA issues
Whether to support CFRA for Msg3 repetition was discussed in both RAN1 and RAN2. In the last RAN1 meeting, the majority companies think it is more relevant to RAN2 and the following WA was made without clear conclusion [1]. Therefore, it should be further discussed and concluded in RAN2 given the timeline of Rel-17.
	Working assumption
Support repetition for a PUSCH scheduled by RAR UL grant, including both Msg3 PUSCH and CFRA PUSCH.
· Use the same mechanism of Msg3 PUSCH repetition, when applicable, for CFRA PUSCH with repetitions.
· No separate CFRA preamble/RO for repetition of CFRA PUSCH is introduced.
· No additional optimization specific for CFRA PUSCH is considered for CFRA PUSCH with repetition.
· No additional RAN1 specification impact
Note: UE reports Msg3 repetition capability after initial access.
Note: The working assumption can be confirmed only if no additional RAN1 specification impact nor optimization specific for CFRA PUSCH.


In the previous RAN2 discussions, all the agreements were made based on the assumption that CE RA determination is based on a configured RSRP threshold during RACH initialization phase, and only in case the link quality is not satisfactory, the UE can initiate CE RA on the corresponding RACH resources. However, when it comes to CFRA case, CE RA determination is performed at the network, and thus the previous RAN2 agreements should be revisited, which is not desirable. Furthermore, without the evaluation of the radio link quality from the UE side, we fail to understand how the gNB decides to request Msg3 repetition when triggering CFRA, which we would rather think is not useful given that CFRA is normally operated in good link quality. It is also noted that “Msg3” is not used for CFRA across all the Stage 2, MAC and RRC specs. Therefore, introducing CFRA for Msg3 repetition will introduce significant changes in terms of terminology and procedure text. In addition, it would also require discussions of whether to configure Msg3 repetition parameters for CFRA separately from CBRA, and thus we understand it is not desirable given the timeline of Rel-17.
Proposal 1: From RAN2 perspective, Msg3 repetition is not applicable to 4-step CFRA.
With proposal 1, the only remaining issues to address for CE RA is how to consider CFRA and CBRA switch during RACH resource/SSB selection. More specifically, when CE RA is determined during the RACH initialization, according to the current MAC procedure, the UE will first check if CFRA resources can be selected when configured. Note that CFRA resource can be selected as long as at least one associated SSB with SS-RSRP is above the threshold. Therefore, it is possible that the cell-level RSRP is low while one SSB with SS-RSRP is relatively good due to the change of SS-RSRP from time to time. Therefore, whether to allow CFRA and CBRA switch during CE RA procedures needs further discussions. There can be two options to address this issue in the MAC spec. 
· Option 1: The UE shall switch to 4-step CFRA for this RA attempt if 4-step CFRA resource is available during the RACH resource selection when CE RA is triggered. 
· Option 2: The UE shall bypass the procedure of 4-step CFRA resource selection and follow 4-step CBRA resource selection during the RACH resource selection when CE RA is triggered.  
For Option 1, no change is needed to the current MAC spec for RACH resource selection, and it would extend the usage of 4-step CFRA when configured for this particular case. Thus the 4-step CFRA resources can be hence maximized. However, it would require additional MAC spec efforts for RA type selection, i.e. to add one case for switching to 4-step CFRA. While for Option 2, it would be consistent to the initial CE determination and the MAC spec efforts can be minor, i.e. to add one exceptional case of CE-RA to the current MAC spec for 4-step CFRA resource selection. We slightly prefer Option 2 with minimal standard efforts. 
Proposal 2: When CE RA is triggered for 4-step CBRA, during the RACH resource procedure, the UE shall bypass the 4-step CFRA resource selection and follow 4-step CBRA resource selections. 
2.2 Switch between CE RA and non-CE RA
In the last RAN2 meeting, the possible switch between CE RA and non-CE RA was discussed and the following agreements were made:
Further agreements (previous Working Assumptions confirmed in the common RACH session):
1. From CE perspective, carrier selection and BWP selection are performed ahead of CE selection during RACH procedure.
2. From CE perspective, UE compares the RSRP of DL path-loss reference with the Msg3 repetition threshold [rsrp-Threshold-Msg3Rep] during the RACH initialization procedure and decides whether to use CE or non-CE RA. 
3. From CE perspective, if CE RA is selected, then the decision doesn’t change during the entire RACH procedure (i.e. until RACH failure). 

It is clear that if CE RA is selected, it is not allowed to switch CE-RA to non-CE RA during the RACH procedure. However, whether to allow to switch to CE-RA from non-CE RA is still open and thus needs more discussions. We understand this issue is relevant to the order between feature selection and BWP selection, which is still under discussion in common RACH session. From CE perspective, we can consider the following cases and further discuss case by case based on the assumption that BWP is selected before the CE determination.
· Case 1: Only non-CE RACH resource is configured on the selected UL BWP.
For the Msg3 repetition capable UE, in case only non-CE RACH resource is configured, there is a great chance that CE RACH resources are insufficient. Hence, we propose the UE can just perform the non-CE RA on this selected UL BWP during the entire RACH procedure.
· Case 2: Only the CE RACH resource is configured on the selected 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 non-CE RA in case CE RA fails. So we propose the UE can just perform CE RA on this selected UL BWP during the entire RACH procedure.
· Case 3: Both the CE RACH resource and non-CE RACH resource are configured on the selected UL BWP.
If non-CE RA is selected during the RACH initialization but fails after several attempts. It is likely due to the reason that channel condition goes worse and RA failure may be triggered eventually. Given that non-CE RACH resources are available on this UL BWP, similar to switch between 2-step CBRA and 4-step CBRA, we see some benefits to allow the UE to switch to CE RA after several failures on non-CE RA, but no more optimizations, i.e. no separate RA parameters for the fallback CE RA.
Proposal 3: RAN2 confirms that it is feasible to configure either CE RACH resources only or non-CE RACH resources only on the selected UL BWP.
Proposal 4: In case only the CE RACH resource is configured on the selected UL BWP, the UE shall perform CE RA without evaluating RSRP during the entire RACH procedure.
Proposal 5: In case both CE and non-CE RACH resources are configured on the active UL BWP, if non-CE is selected, the UE is allowed to switch to CE RACH on selected UL BWP after several attempt failures, similar to 2-step to 4-step switch.
2.3 RRC configuration and ASN.1 issues
At the last RAN2 meeting, it has been agreed that Msg3 repetition can be supported on both NUL and SUL. If NUL supports Msg3 repetition, then the coverage of NUL can be extended and thus the RSRP threshold for selecting NUL would be lowered for Msg3 repetition capable UE. Hence, a new RSRP threshold is needed for UEs capable of Msg3 repetition to select between NUL and SUL, while the legacy UEs still use the existing threshold, i.e., rsrp-ThresholdSSB-SUL, for carrier selection.
[bookmark: _Hlk92043474]Proposal 6: A new RSRP threshold is needed for the Msg3 repetition capable UE to perform carrier selection when Msg3 repetition is configured on the NUL.
How to configure this parameter is relevant to ASN.1 and thus needs further RAN2 discussions. It is noted that the current RSRP thresholds for carrier selection is provided within RACH-ConfigCommon, which is configured per BWP but the value applies to all the BWPs of this serving cell.
	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.


Hence, it would be more compatible with the existing ASN.1 structure of RACH parameters to configure this new RSRP threshold for carrier selection in the same way as rsrp-ThresholdSSB-SUL.
[bookmark: _Hlk92043525]Proposal 7: The new RSRP threshold for the Msg3 repetition capable UE to perform carrier selection is configured per BWP, but the value applies to all the BWPs.
Next, we consider the configuration of the RSRP threshold for deciding whether to request Msg3 repetition. According to RAN1 understandings in [2], it is stated that this threshold is configured per uplink carrier. 
	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.


However, it is agreed at the last meeting that carrier selection and BWP selection are performed ahead of CE selection during RACH procedure. Besides, according to the analysis in Section 2.2, it is possible that there are either CE RACH resources only or non-CE RACH resources only on the selected UL BWP, and UE just performs CE RACH or non-CE RACH without evaluating the RSRP in these cases. Hence, the RSRP threshold for requesting Msg3 repetition should be configured per BWP, and is only present if both CE RACH resources and non-CE RACH resources are configured for the BWP, which is similar to the current RSRP threshold for RA type selection msgA-RSRP-Threshold as follows:
	msgA-RSRP-Threshold
The UE selects 2-step random access type to perform random access based on this threshold (see TS 38.321 [3], clause 5.1.1). This field is only present if both 2-step and 4-step RA type are configured for the BWP.


[bookmark: _Hlk92043829]Proposal 8: The RSRP threshold for requesting Msg3 repetition should be configured per BWP, and is only present if both CE RACH resources and non-CE RACH resources are configured for the BWP.
In addition, according to the following two agreements, UE evaluates the condition for requesting Msg3 repetition before SSB selection, and if UE decides to request Msg3 repetition, it will use a separate new threshold to select an SSB.
	Agreements via email - from offline 112:
5.	A separate rsrp-ThresholdSSB threshold is introduced for requesting Msg3 repetition.
Further agreements (previous Working Assumptions confirmed in the common RACH session):
2.	From CE perspective, UE compares the RSRP of DL path-loss reference with the Msg3 repetition threshold [rsrp-Threshold-Msg3Rep] during the RACH initialization procedure and decides whether to use CE or non-CE RA.


On this basis, this separate rsrp-ThresholdSSB threshold should be configured per BWP and is only configured for the BWP with CE RACH resources.
[bookmark: _Hlk92043949]Proposal 9: The separate SSB selection threshold for the UE who decides to requesting Msg3 repetition should be configured per BWP and is only configured for the BWP with CE RACH resources.

2.4 Msg3 bundling transmission
In the current MAC spec, PUSCH repetitions except for the first transmission within a bundle scheduled by DG or CG are regarded as HARQ retransmissions, see below extracted sentences, and we think a clarification of Msg3 repetition is hence needed and the repetition number is determined from lower layer similar to DG and CG bundling, which should be also invisible to MAC spec. Please see the MAC TP in the Annex for reference.
	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.


[bookmark: _Hlk92043989]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.
3. Conclusion
In this contribution, we discuss the remaining RAN2 issues with support of Msg3 repetition.
Proposal 1: From RAN2 perspective, Msg3 repetition is not applicable to 4-step CFRA.
Proposal 2: When CE RA is triggered for 4-step CBRA, during the RACH resource procedure, the UE shall bypass the 4-step CFRA resource selection and follow 4-step CBRA resource selections. 
Proposal 3: RAN2 confirms that it is feasible to configure either CE RACH resources only or non-CE RACH resources only on the selected UL BWP.
Proposal 4: In case only the CE RACH resource is configured on the selected UL BWP, the UE shall perform CE RA without evaluating RSRP.
Proposal 5: In case both CE and non-CE RACH resources are configured on the active UL BWP, if non-CE is selected, the UE is allowed to switch to CE RACH on selected UL BWP after several attempt failures, similar to 2-step to 4-step switch.
Proposal 6: A new RSRP threshold is needed for the Msg3 repetition capable UE to perform carrier selection when NUL supports Msg3 repetition.
Proposal 7: The new RSRP threshold for the Msg3 repetition capable UE to perform carrier selection is configured per BWP, but the value applies to all the BWPs.
Proposal 8: The RSRP threshold for requesting Msg3 repetition should be configured per BWP, and is only present if both CE RACH resources and non-CE RACH resources are configured for the BWP.
Proposal 9: The separate SSB selection threshold for the UE who decides to requesting Msg3 repetition should be configured per BWP and is only configured for the BWP with CE RACH resources.
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.
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5. Annex MAC TP
[bookmark: _Toc510393391][bookmark: _Toc500942635][bookmark: _Toc509405757][bookmark: _Hlk504049857][bookmark: _Hlk504055217][bookmark: _Toc500942638][bookmark: _Hlk492964276][bookmark: _Toc493510571][bookmark: _Toc500942656][bookmark: _Toc491180871][bookmark: _Toc491180878][bookmark: _Toc493510580][bookmark: _Toc500942686][bookmark: _Toc470095101][bookmark: _Toc20425634]START OF CHANGES
[bookmark: _Toc52752015][bookmark: _Toc52796477][bookmark: _Toc60791756]5.4.2	HARQ operation
[bookmark: _Toc29239836][bookmark: _Toc37296195][bookmark: _Toc46490321][bookmark: _Toc52752016][bookmark: _Toc52796478][bookmark: _Toc60791757]5.4.2.1	HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell with configured uplink (including the case when it is configured with supplementaryUplink), which maintains a number of parallel HARQ processes.
The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].
Each HARQ process supports one TB.
Each HARQ process is associated with a HARQ process identifier. For UL transmission with UL grant in RA Response or for UL transmission for MSGA payload, HARQ process identifier 0 is used.
NOTE:	When a single DCI is used to schedule multiple PUSCH, the UE is allowed to map generated TB(s) internally to different HARQ processes in case of LBT failure(s), i.e. UE may transmit a new TB on any HARQ process in the grants that have the same TBS, the same RV and the NDIs indicate new transmission.
The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant or the uplink grant received in MAC RAR for Msg3 transmission 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].
-	For an uplink grant received in MAC RAR, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause xxxx 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, and uplink grant received in MAC RAR 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 or uplink grant received in MAC RAR 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.
/**********************omit****************/
END OF CHANGES

