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[bookmark: _Ref506539118]Introduction
At the RAN1#100b-e meeting, the following agreements were made for UE features for two-step RACH [1]:
Agreement:
· FG9-1 is kept as a single FG for basic support of Rel-16 2 step RACH. 
· Components and capability signaling impacts are discussed in [100b-e-NR-UEFeatures-2Step-02]
[bookmark: _Hlk39179094]Agreement:
· FG9-3 is kept as a single FG for “Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA” with bracket. 
· FG9-4 is kept as a single FG for “MsgA operation in a band combination including SUL” with bracket.
· A new FG for [PUSCH transmission with frequency hopping with non-zero guard period] is added with bracket.
· A new FG for [max number msgB to be monitored/decoded per slot] is added with bracket.
In the contribution, we discuss remaining details of UE features for two-step RACH. 
 Discussion on UE features for two-step RACH 
At the RAN1#100b-e meeting, it was agreed to keep FG9-1 as single FG for basic support of 2-step RACH. It is FFS whether a detailed description or simplified description of FG9-1 will be defined. Further, as listed in the Appendix, summary of the email discussion for Rel-16 2-step RACH UE features was captured in [2]. 
In our view, given that the specification already describes detailed UE behaviour when supporting 2-step RACH, it is slightly preferable to consider a simplified description of basic feature group 9-1 for 2-step RACH as follows:
1) MsgA PRACH and PUSCH configuration, validation and transmission
2) MsgB monitoring, reception, and HARQ-ACK feedback
3) Power control for MsgA PRACH, MsgA PUSCH, and PUCCH for HARQ-ACK feedback to a MsgB
Proposal 1
· It is preferable to consider a simplified description of FG9-1 for 2-step RACH.
1) MsgA PRACH and PUSCH configuration, validation and transmission
2) MsgB monitoring, reception, and HARQ-ACK feedback
3) Power control for MsgA PRACH, MsgA PUSCH, and PUCCH for HARQ-ACK feedback to a MsgB

At the RAN1#99 meeting, it was agreed that the timing for MsgA PRACH and PUSCH transmission should be both assumed as NTA = 0 [3]. For inter-band CA scenario, UE would apply actual TA for the transmission of other uplink channels/signals including PUSCH, PUCCH and SRS in one CC while would apply TA of 0 for the transmission of MsgA PUSCH in another CC, which is different from Rel-15 UE behaviour on the parallel transmission of PUSCH and other uplink channels/signals. In our view, it is more appropriate to keep FG9-3 as a feature group. 
Similarly, for the support of SUL, given the fact that TA of 0 is employed for the transmission of both MsgA PRACH and PUSCH, it is more desirable to keep this “MsgA operation in a band combination including SUL” as FG9-4. 
Regarding FG9-5 “PUSCH transmission with frequency hopping with non-zero guard period”, in our view, including the guard period for the transmission of MsgA PUSCH in case of frequency hopping does not seem to be different from the case when guard period is not configured, which is defined as basic component in the FG9-1. Hence, it is slightly preferable to remove this FG for 2-step RACH.  
For FG9-6, depending on the response from RAN2 on potential MsgB payload size, it is FFS on whether this FG is needed for 2-step RACH. 
Based on the discussions above, it is suggested to keep FG9-3 and 9-4, remove FG9-5, and FFS on FG9-6. 
Proposal 2
· FG9-3 and 9-4 are kept.
· FG9-5 is not needed. 
· FFS on FG9-6, pending on RAN2 feedback. 

Conclusions
In this contribution, we discussed the remaining details of UE features for two-step RACH. Further, we summarize the proposals as follows:
Proposal 1
· It is preferable to consider a simplified description of FG9-1 for 2-step RACH.
1) MsgA PRACH and PUSCH configuration, validation and transmission
2) MsgB monitoring, reception, and HARQ-ACK feedback
3) Power control for MsgA PRACH, MsgA PUSCH, and PUCCH for HARQ-ACK feedback to a MsgB
Proposal 2
· FG9-3 and 9-4 are kept.
· FG9-5 is not needed. 
· FFS on FG9-6, pending on RAN2 feedback. 
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Appendix: 


	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	9. NR_2step_RACH
	9-1
	Basic channel structure and procedure of 2-step RACH

	1. RACH type selection for CBRA according to SSB-based RSRP threshold
1. msgA PRACH resource configuration including separately configured ROs not applicable to 4-step RO configuration and fully or partially shared ROs but different preamble sequences partitioning with 4-step RO preamble sequences configuration
1. msgA PUSCH resource (DMRS included) and waveform determination for 2-step CBRA
0. Supporting up to two msgA PUSCH configurations in an UL BWP
0. Supporting a separate or common transform precoder configuration for 2-step CBRA, when 2-step CBRA and 4-step CBRA co-exist
0. Supporting intra-slot frequency hopping for msgA PUSCH transmission when NR Rel-15 waveform is used 
1. Validation of MsgA PRACH and PUSCH
1. Mapping between preamble of MsgA PRACH and PUSCH occasion with DMRS resource of MsgA PUSCH
1. msgB monitoring and decoding for 2-step CBRA
0. (for UE in any RRC state) monitoring msgB PDCCH with CRC masked by msgB-RNTI in Type-1 CSS set, and decoding multi-cast msgB PDSCH carrying SuccessRAR, FallbackRAR and BI
0. (for RRC connected UE only) monitoring msgB PDCCH with CRC masked by C-RNTI in USS set, and decoding the unicast PDSCH carrying absolute TA MAC CE
1. PUCCH transmission for HARQ-ACK feedback to a msgB
1. Power control for msgA PRACH, msgA PUSCH and PUCCH carrying HARQ-ACK feedback to msgB
	TBD
	Yes
	N/A
	UE cannot initiate a 2-step RACH process, and thus would not be expected understand the 2-step RACH configurations
	per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	9. NR_2step_RACH
	[9-3]
	[Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA]
	[Parallel MsgA and SRS./PUCCH/PUSCH transmissions across CCs in inter-band CA with msgA in PCell/PScell]
	9-1 (
TBD)
	Yes
	N/A
	UE cannot transmit an MsgA and other UL transmissions in parallel across CCs in inter-band CA
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	9. NR_2step_RACH
	[9-4]
	[MsgA operation in a band combination including SUL]
	[MsgA operations in a band combination including SUL]
	9-1, 6-16 (TBD)
	Yes
	N/A
	UE does not support msgA operations in a band combination including SUL
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	9. NR_2step_RACH
	[9-5]
	[intra-slot msgA PUSCH FH with non-zero GP]
	[intra-slot msgA PUSCH FH with non-zero GP]
	TBD
	Yes
	N/A
	
	[Per band]
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	9. NR_2step_RACH
	[9-6]
	[up to X of msgBs per slot/within the msgB window]
	[up to X of msgBs per slot/within the msgB window]
	TBD
	Yes
	N/A
	
	[Per band]
	N/A
	N/A
	N/A
	
	Optional with capability signalling



