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1. Introduction
This contribution summarizes the following email discussion in AI 7.2.11.1 regarding UE features for 2 step RACH.

[100b-e-NR-UEFeatures-2Step-01] Email discussion/approval on feature group structure for two step RACH (20th-24th April) – (DCM, Hiroki)
· Confirm to keep FG9-1 as single FG
· Confirm to keep FG9-2 as single FG
· Confirm to keep FG9-3 as single FG
· Discuss whether or not to keep FG9-4 as single FG
· Discuss whether or not to add following new feature groups. If there is no consensus to add a new feature group at the end of this email discussion, the new feature group is not introduced in Rel-16.
· 60 kHz SCS for msgA PUSCH as an optional UE feature in FR1
· PUSCH transmission with frequency hopping
· max number msgB to be monitored/decoded per slot


- 11/21 -
2. 9-1: Basic channel structure and procedure of 2-step RACH
In [1], FG9-1 is captured as below.
	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

	
Alt 2 simplified basic feature group:
1. MsgA PRACH and PUSCH transmission
1. MsgB monitoring, reception, and feedback
1. Power control for MsgA PRACH, MsgA PUSCH, and PUCCH for HARQ-ACK feedback to a MsgB
FFS: if any of the components need to be more specific, i.e. the following components in Alt. 1 can be further discussed.

[Alt 1 detailed feature group]:
1. [RACH type selection based on a SSB-based RSRP threshold] 
1. [Separately configured ROs not applicable to 4-step RO configuration]
1. [Same ROs but different preamble sequences partitioning with 4-step RO preamble sequences configuration]
1. [Maximum two MsgA PUSCH configurations in an UL BWP from UE perspective]
1. [Validation of MsgA PRACH and PUSCH]
1. [Mapping between preamble of MsgA PRACH and PUSCH occasion with DMRS resource of MsgA PUSCH]
1. [MsgA PUSCH transmission including scrambling, DMRS sequences and ports, RV, etc]
1. [MsgA open loop power control]
1. [Monitoring of MsgB with PDCCH addressed to msgB-RNTI or C-RNTI, and receiving MsgB including SuccessRAR, fallbackRAR, and backoff indication]
1. [Support PUCCH transmission for HARQ-ACK feedback to a MsgB]
1. [MsgA PRACH configuration and preamble formats] 
1. [PUCCH power control  for HARQ-ACK feedback to a MsgB] 
1. [Minimum TX gap between PRACH and PUSCH (for both TDD and FDD, FR1 and FR2, single CC and intra-band CA) as specified in Rel-15]
1. [Minimum TX gap between last DL SSB reception symbol and PRACH (TDD. FR1 and FR2, single CC and intra-band CA) as specified in Rel-15]
1. [MsgA PRACH and PUSCH transmissions in different PRACH and PUSCH slots]
1. [Minimum TX gap between the last symbol of MsgB PDSCH and the first symbol of PUCCH carrying HARQ-ACK to MsgB PDSCH]
1. [2-step RACH operation in RRC_IDLE/INACTIVE/CONNECTED state]
1. [Intra-slot frequency hopping for MsgA PUSCH]

	
	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
	
	
	Optional with capability signalling



Following feedbacks are provided in contributions for the RAN1#100bis-e meeting.
	[2]
	ZTE, Sanechips
	Proposal 1: 	
· A basic feature group for 2-step RACH is defined
· The basic feature group includes multiple components corresponding to the essential functions to support the 2-step RACH feature.
· A high-level description of the components in the basic feature group is preferred, i.e. Alt.2 is adopted. For the details the UE follows the configurations and procedures in the specification.
· 1 capability bit signalling is used to indicate the supportive of the basic feature group.

	[3]
	Intel Corporation
	Proposal 1
· It is slightly preferable to consider a simplified description of basic feature group 9-1 for 2-step RACH.
· The following needs to be modified
· 1)	MsgA PRACH and PUSCH configuration and transmission
Proposal 2
· If the simplified description of basic feature group is not agreeable, consider Table 1 as starting point for discussion of feature groups for 2-step RACH. 
[bookmark: _Ref37326551]Table 1. Basic UE feature groups for 2-step RACH
	Index
	Feature group
	Components

	9-1a
	MsgA PRACH and PUSCH configuration and transmission for 2-step RACH

	1. RACH type selection based on a SSB-based RSRP threshold
1. Separately configured ROs not applicable to from 4-step RO configuration
1. Same Shared ROs but with different preamble sequences partitioning with 4-step RO preamble sequences configuration
1. Maximum two MsgA PUSCH configurations in an UL BWP from UE perspective
1. Validation of MsgA PRACH and PUSCH
1. Mapping between preamble of MsgA PRACH and PUSCH occasion with DMRS resource of MsgA PUSCH
1. MsgA PUSCH transmission including scrambling, DMRS sequences and ports, RV, etc
1. MsgA PRACH configuration and preamble formats
1. Minimum TX gap between PRACH and PUSCH (for both TDD and FDD, FR1 and FR2, single CC and intra-band CA) as specified in Rel-15
1. Minimum TX gap between last DL SSB reception symbol and PRACH (TDD. FR1 and FR2, single CC and intra-band CA) as specified in Rel-15
1. MsgA PRACH and PUSCH transmissions in different PRACH and PUSCH slots
1. 2-step RACH operation in RRC_IDLE/INACTIVE/CONNECTED state
1. Intra-slot frequency hopping for MsgA PUSCH


	9-1b
	MsgB monitoring, reception and feedback for 2-step RACH

	1) Monitoring of MsgB with PDCCH addressed to MsgB-RNTI or C-RNTI, and receiving MsgB including SuccessRAR, fallbackRAR, and backoff indication
2) Support PUCCH transmission for HARQ-ACK feedback to a MsgB
3) Minimum TX gap between the last symbol of MsgB PDSCH and the first symbol of PUCCH carrying HARQ-ACK to MsgB PDSCH

	9-1c
	Power control for MsgA and PUCCH for HARQ-ACK feedback to a MsgB for 2-step RACH
	1) MsgA open loop power control
2) PUCCH power control for HARQ-ACK feedback to a MsgB





	[4]
	CATT
	Proposal 1: We suggest using more clear description on Alt 2 of the basic feature group 9-1 as below TP.
----------------------------------------Start of TP for  R1-2001484---------------------------------------------------
9-1 Basic channel structure and procedure of 2-step RACH， Alt2 description for components item
1) MSGA PRACH and PUSCH configuration and transmission
2) MSGB monitoring, reception and HARQ-ACK feedback 
3) Power control for MsgA PRACH, MSGA PUSCH, PUCCH for HARQ-ACK feedback to a MsgB
---------------------------------------End of TP for  R1-2001484-------------------------------------------------------

	[5]
	Samsung
	Proposal 1: For FG 9-1, Alt.1 should be supported and further reduction on the list is needed. 
Proposal 2: Adopt the revised UE feature group in the appendix by removing item 2),7),8),12),13),14),15),16),18) in FG9-1 for 2step RACH Rel-16 and modify the 11) to be “MsgA PRACH configuration and preamble formats”.
	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

	 Alt 2 simplified basic feature group:

1. MsgA PRACH and PUSCH transmission
1. MsgB monitoring, reception, and feedback
1. Power control for MsgA PRACH, MsgA PUSCH, and PUCCH for HARQ-ACK feedback to a MsgB
FFS: if any of the components need to be more specific, i.e. the following components in Alt. 1 can be further discussed.

[Alt 1 detailed feature group]:
1. [RACH type selection based on a SSB-based RSRP threshold] 
1.  [Separately configured ROs not applicable to 4-step RO configuration]
1. [Same ROs but different preamble sequences partitioning with 4-step RO preamble sequences configuration]
1. [Maximum two MsgA PUSCH configurations in an UL BWP from UE perspective]
1. [Validation of MsgA PRACH and PUSCH]
1. [Mapping between preamble of MsgA PRACH and PUSCH occasion with DMRS resource of MsgA PUSCH]
1.  [MsgA PUSCH transmission including scrambling, DMRS sequences and ports, RV, etc]
1. [MsgA open loop power control]
1. [Monitoring of MsgB with PDCCH addressed to msgB-RNTI or C-RNTI, and receiving MsgB including SuccessRAR, fallbackRAR, and backoff indication]
1. [Support PUCCH transmission for HARQ-ACK feedback to a MsgB]
1. [MsgA PRACH configuration and preamble formats] 
1.  [PUCCH power control  for HARQ-ACK feedback to a MsgB] 
1. [Minimum TX gap between PRACH and PUSCH (for both TDD and FDD, FR1 and FR2, single CC and intra-band CA) as specified in Rel-15]
1. [Minimum TX gap between last DL SSB reception symbol and PRACH (TDD. FR1 and FR2, single CC and intra-band CA) as specified in Rel-15]
1. [MsgA PRACH and PUSCH transmissions in different PRACH and PUSCH slots]
1. [Minimum TX gap between the last symbol of MsgB PDSCH and the first symbol of PUCCH carrying HARQ-ACK to MsgB PDSCH]
1. [2-step RACH operation in RRC_IDLE/INACTIVE/CONNECTED state]
1. [Intra-slot frequency hopping for MsgA PUSCH]
1. 
	
	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
	
	
	Optional with capability signalling

	
	9-2
	Supported 2 symbols DMRS for msgA PUSCH
	Supported 2 symbols DMRS for msgA PUSCH (‘len2’)
	9-1, 2-18
	Yes
	N/A
	If UE does not support ‘len2’, and if msgA-maxLength is configured as ‘len2’, the UE cannot use 2-step RACH resources
	per UE
	No
	Yes
	
	Shall be aligned with 2-18
	Conditionallymandatory for UE supporting both 9-1 and 2-18

	
	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
	Yes
	N/A
	UE cannot transmit an MsgA and other UL transmissions in parallel across CCs in inter-band CA
	per band combination
	N/A
	N/A
	
	
	Optional with capability signalling

	
	9-4
	MsgA operation in a band combination including SUL
	MsgA operations in a band combination including SUL
	9-1, 6-16
	Yes
	N/A
	UE does not support msgA operations in a band combination including SUL
	per band combination
	N/A
	N/A
	
	
	Optional with capability signalling

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




	[6]
	Apple Inc.
	Proposal 1: Components of Alt 1 are adopted by FG 9-1.
Proposal 2:  Remove the component 7, 13, 14, 15, 18, adding two new components for FG9-1 as following,
· MsgA PUSCH configuration including transform precoder, MsgA PUSCH resource, MsgA DMSRS configuration
· DCI format with CRC scrambled by msgB-RNTI

	[7]
	Ericsson
	Observation 1	Alt-1 components require further clarification, including how they differ from Rel-15 behavior.
Proposal 1	Update two step RACH basic UE capability 9-1 to be terse and to clarify MsgB feedback as proposed in Table 1.
[bookmark: _Ref37080820] Table 1: Proposed updates for UE features related two step RACH.
	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

	
Alt 2 simplified basic feature group:
1. MsgA PRACH and PUSCH transmission
1. MsgB monitoring, reception, and HARQ-ACK feedback
1. Power control for MsgA PRACH, MsgA PUSCH, and PUCCH for HARQ-ACK feedback to a MsgB
FFS: if any of the components need to be more specific, i.e. the following components in Alt. 1 can be further discussed.

[Alt 1 detailed feature group]:
1. [RACH type selection based on a SSB-based RSRP threshold] 
1. [Separately configured ROs not applicable to 4-step RO configuration]
1. [Same ROs but different preamble sequences partitioning with 4-step RO preamble sequences configuration]
1. [Maximum two MsgA PUSCH configurations in an UL BWP from UE perspective]
1. [Validation of MsgA PRACH and PUSCH]
1. [Mapping between preamble of MsgA PRACH and PUSCH occasion with DMRS resource of MsgA PUSCH]
1. [MsgA PUSCH transmission including scrambling, DMRS sequences and ports, RV, etc]
1. [MsgA open loop power control]
1. [Monitoring of MsgB with PDCCH addressed to msgB-RNTI or C-RNTI, and receiving MsgB including SuccessRAR, fallbackRAR, and backoff indication]
1. [Support PUCCH transmission for HARQ-ACK feedback to a MsgB]
1. [MsgA PRACH configuration and preamble formats] 
1. [PUCCH power control  for HARQ-ACK feedback to a MsgB] 
1. [Minimum TX gap between PRACH and PUSCH (for both TDD and FDD, FR1 and FR2, single CC and intra-band CA) as specified in Rel-15]
1. [Minimum TX gap between last DL SSB reception symbol and PRACH (TDD. FR1 and FR2, single CC and intra-band CA) as specified in Rel-15]
1. [MsgA PRACH and PUSCH transmissions in different PRACH and PUSCH slots]
1. [Minimum TX gap between the last symbol of MsgB PDSCH and the first symbol of PUCCH carrying HARQ-ACK to MsgB PDSCH]
1. [2-step RACH operation in RRC_IDLE/INACTIVE/CONNECTED state]
1. [Intra-slot frequency hopping for MsgA PUSCH]

	
	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
	
	
	Optional with capability signalling

	
	9-2
	Supported 2 symbols DMRS for msgA PUSCH
	Supported 2 symbols DMRS for msgA PUSCH (‘len2’)
	9-1, 2-18
	Yes
	N/A
	If UE does not support ‘len2’, and if msgA-maxLength is configured as ‘len2’, the UE cannot use 2-step RACH resources
	per UE
	N/A
	Yes
	
	Shall be aligned with 2-18
	Conditionallymandatory for UE supporting both 9-1 and 2-18

	
	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
	Yes
	N/A
	UE cannot transmit an MsgA and other UL transmissions in parallel across CCs in inter-band CA
	per band combination
	N/A
	N/A
	
	
	Optional with capability signalling

	
	9-4
	MsgA operation in a band combination including SUL
	MsgA operations in a band combination including SUL
	9-1, 6-16
	Yes
	N/A
	UE does not support msgA operations in a band combination including SUL
	per band combination
	N/A
	N/A
	
	
	Optional with capability signalling




	[8]
	Qualcomm Incorporated
	UE feature group  9-1
· Alt 2 is not acceptable in its current form, since it is an over-simplification and leads to potential ambiguity/confusion for UE implementation. 
· Alt 1 requires the following changes:
· Item 11: Need to be more specific in msgA PRACH configuration and formats by capturing the following details:
· the new PRACH configuration indexes introduced in Rel-16 are used for NR licensed UE only
· UE without shared spectrum channel access supports PRACH formats with LRA=139 or 839 only
· UE with shared spectrum channel access supports PRACH formats with LRA=139, 571 or 1171 only
· the PRACH format, starting PRB and FDM pattern of msgA PRACH is configured separately on dedicated RO 
· Item 12: Including implementation details for the transmission of HARQ feedback (including ACK and NACK) on PUCCH
· Item 16: changing ACK to “feedback”
· Item 18: adding the condition to support intra-slot frequency hopping
· Item 19: adding the waveform support for CP-OFDM and DFT-s-OFDM waveform
· Item 20: adding the details for the DMRS type supported in msgA PUSCH transmission
· Item 21: adding the details for msgA PUSCH numerology in FR1 (15 or 30 kHz) and FR2 (60 or 120 kHz)
[image: ]
[image: ]

	
	Huawei, HiSi
	Suggest not spend time on proposals to adopt alt 1 or alt 2, while just clarify what is needed for FG 9-1. Basically the components shall be motivated by different implementation from Rel-15 and
shall associate with RRC per RAN2 LS guidance. 
We think the following can be starting point:
· 1 capability bit signalling is used to indicate the supportive of the feature group 9-1 for CBRA, which including the following:
· MsgA PRACH configuration including separately configured ROs not applicable to 4-step RO configuration and 
Fully shared ROs but different preamble sequences partitioning with 4-step RO preamble sequences configuration
FFS: partially shared ROs case to be separate or not
· Support of maximum two msgA PUSCH configurations in an UL BWP including msgA PUSCH DMRS scrambling configuration
· Monitoring of MsgB with PDCCH addressed to msgB-RNTI or C-RNTI, and receiving MsgB including SuccessRAR, fallbackRAR
· Support PUCCH transmission for HARQ-ACK feedback to a MsgB
· Power control for msgA, and PUCCH carrying HARQ-ACK for msgB

The following is not needed as not associated with RRC, hence network does not need to know:
· RACH type selection based on a SSB-based RSRP threshold
· Validation of MsgA PRACH and PUSCH
· [Mapping between preamble of MsgA PRACH and PUSCH occasion with DMRS resource of MsgA PUSCH]

The following is not needed as no difference from Rel-15
· [Minimum TX gap between last DL SSB reception symbol and PRACH (TDD. FR1 and FR2, single CC and intra-band CA) as specified in Rel-15]
· [MsgA PRACH and PUSCH transmissions in different PRACH and PUSCH slots]
· [Minimum TX gap between the last symbol of MsgB PDSCH and the first symbol of PUCCH carrying HARQ-ACK to MsgB PDSCH]

The following shall be separate UE capability:
· Intra-slot frequency hopping for MsgA PUSCH [when non-zero guard period is configured]

	
	
	




2.1	Discussion 1
The proposal is to confirm that FG9-1 is kept as single FG.
Companies are encouraged to provide views if there is a concern or comment on the proposal.
Note that we will have separate email discussion on which alternative RAN1 should take for components description of FG9-1.

	Company
	Comment

	Samsung
	Support

	CATT
	Prefer to FG9-1 as single FG. Proposed TP is as follows:
1) MSGA PRACH and PUSCH configuration and transmission
2) MSGB reception and HARQ-ACK feedback 
3) Power control for MsgA PRACH, MSGA PUSCH, PUCCH for HARQ-ACK feedback to a MsgB

	ZTE
	Support

	Intel
	We prefer 9-1 as a single FG of simplified description of FG 9-1 is agreed. The simplified FG 9-1 can be modified as follows:
1) MsgA PRACH and PUSCH configuration 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
If the above is not agreeable, consider multiple sub-FGs to make it more organized. 

	Nokia, Nokia Shanghai Bell
	Support

	Qualcomm
	FG 9-1 should be kept as a single FG, which includes the basic UE capabilities to support Rel-16 two-step CBRA.
SSB-based two-step CFRA, if supported, should be kept in a FG (for optional UE capability) separate from 9-1.

	Moderator
	We could observe that majority prefers FG9-1 as a single FG. 
Although I originally planned whether Alt.1(detailed) or Alt.2(simplified) will be discussed in other email discussion as medium priority, it should be clarified that which feature should be a separate FG in addition to FG9-1/2/3/4 since it impacts features list structure i.e., it is high priority discussion.
Therefore, companies are encouraged to provide possible separate FG(s) such as SSB-based two-step CFRA as Qualcomm mentioned. I’m a bit confused by Intel’s proposal since proposed FG9-1 in their comment and proposed sub-FGs in their contribution seems contradicting. So further clarification will be appreciated.
Also, it is good if we can decide to go to Alt.2 for FG9-1 here.

	Huawei, HiSi
	Suggest not spend time on proposals to adopt alt 1 or alt 2, while just clarify what is needed for FG 9-1. Basically the components shall be motivated by different implementation from Rel-15 and
shall associate with RRC per RAN2 LS guidance. 
We think the following can be starting point:
· 1 capability bit signalling is used to indicate the supportive of the feature group 9-1 for CBRA, which including the following:
· MsgA PRACH configuration including separately configured ROs not applicable to 4-step RO configuration and 
Fully shared ROs but different preamble sequences partitioning with 4-step RO preamble sequences configuration
FFS: partially shared ROs case to be separate or not
· Support of maximum two msgA PUSCH configurations in an UL BWP including msgA PUSCH DMRS scrambling configuration
· Monitoring of MsgB with PDCCH addressed to msgB-RNTI or C-RNTI, and receiving MsgB including SuccessRAR, fallbackRAR
· Support PUCCH transmission for HARQ-ACK feedback to a MsgB
· Power control for msgA, and PUCCH carrying HARQ-ACK for msgB

The following is not needed as not associated with RRC, hence network does not need to know:
· RACH type selection based on a SSB-based RSRP threshold
· Validation of MsgA PRACH and PUSCH
· [Mapping between preamble of MsgA PRACH and PUSCH occasion with DMRS resource of MsgA PUSCH]

The following is not needed as no difference from Rel-15
· [Minimum TX gap between last DL SSB reception symbol and PRACH (TDD. FR1 and FR2, single CC and intra-band CA) as specified in Rel-15]
· [MsgA PRACH and PUSCH transmissions in different PRACH and PUSCH slots]
· [Minimum TX gap between the last symbol of MsgB PDSCH and the first symbol of PUCCH carrying HARQ-ACK to MsgB PDSCH]

The following shall be separate UE capability:
· Intra-slot frequency hopping for MsgA PUSCH [when non-zero guard period is configured]

	vivo
	FG9-1 is kept as single FG. 1-bit for capability signaling for 2-step RA is enough.
We prefer simplified structure for FG 9-1, though it may not within the scope of this email thread.

	Apple
	We support FG9-1 as a single FG, and Alt 1 detailed feature group is preferred. 

	Ericsson
	Support, based on the simpler alternative (Alt 2).




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]



3. 9-2: Supported 2 symbols DMRS for msgA PUSCH
In [1], FG9-2 is captured with bracket as below.
	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
	9-2
	Supported 2 symbols DMRS for msgA PUSCH
	Supported 2 symbols DMRS for msgA PUSCH (‘len2’)
	9-1, 2-18
	Yes
	N/A
	If UE does not support ‘len2’, and if msgA-maxLength is configured as ‘len2’, the UE cannot use 2-step RACH resources
	per UE
	N/A
	Yes
	
	Shall be aligned with 2-18
	Conditionallymandatory for UE supporting both 9-1 and 2-18



No feedback is provided in contributions for the RAN1#100bis-e meeting.

3.1	Discussion 2
The proposal is to confirm that FG9-2 is kept.
Companies are encouraged to provide views if there is a concern or comment on the proposal.

	Company
	Comment

	Samsung
	Ok to have.

	CATT
	Prefer to  FG9-2 as single FG.

	ZTE
	Support

	Intel
	We are fine to keep it. 

	Nokia, Nokia Shanghai Bell
	OK to have FG9-2 as a single FG

	Qualcomm
	FG 9-2 can be kept as it is.

	Huawei, HiSi
	In R1-2002588 we briefly expressed the view that 9-2 is not needed, as no difference from Rel-15. We understand proponent may cite the RAN1 agreements in 2-step RACH stating that “it is a UE capability issue”, however it does not mean a separate UE capability is needed, especially when the Rel-15 has such per-UE reported capability already.

	Moderator
	Supporting the proposal: Samsung, CATT, ZTE, Intel, Nokia, NSB, Qualcomm
Objecting the proposal: Huawei, HiSi
More views from other companies will be appreciated.

	vivo
	Agree that FG9-2 is kept

	Apple
	We are ok to keep FG 9-2 here. 

	Ericsson
	While we have no strong view, we would like to understand why the Rel-15 capability is insufficient.  In our understanding, MsgA PUSCH structure is the same as Rel-15.  Can proponents clarify why a separate FG is beneficial?



FL proposal:
· FG9-2 is removed 



4. 9-3: Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA
In [1], FG9-3 is captured as below.
	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
	9-3
	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
	Yes
	N/A
	UE cannot transmit an MsgA and other UL transmissions in parallel across CCs in inter-band CA
	per band combination
	N/A
	N/A
	
	
	Optional with capability signalling



No feedback is provided in contributions for the RAN1#100bis-e meeting.

4.1	Discussion 3
The proposal is to confirm that FG9-3 is kept.
Companies are encouraged to provide views if there is a concern or comment on the proposal.

	Company
	Comment

	Samsung
	Maybe not needed.
msgA consists of PRACH and PUSCH, whether allow parallel transmission of msgA and other ULs in inter-band CC, could be considered by PRACH/PUSCH with other UL signals.

	CATT
	Prefer to FG9-1 as single FG because 4s RACH has the similar UE feature in 4-26

	ZTE
	Ok to keep it.

	Intel
	We are fine to keep it.

	Nokia, Nokia Shanghai Bell
	The need is not fully clear. In most situations a UE not supporting this functionality would be able to simply avoid the 2-step RACH transmission in the first place. It could be considered still if needed, as there are some isolated situations where it could be used.

	Qualcomm
	FG 9-3 can be kept as it is.

	Huawei, HiSi
	Ok as it is.

	Moderator
	Supporting the proposal: CATT, ZTE, Intel, Qualcomm, Huawei, HiSi
Objecting the proposal: Samsung, Nokia, NSB
More views from other companies will be appreciated.

	vivo
	We are fine to keep FG 9-3

	Apple
	Ok to have it.

	Ericsson
	Ok to have.



FL proposal:
· FG9-3 is kept as a single FG for “Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA”. 



5. 9-4: MsgA operation in a band combination including SUL
In [1], FG9-4 is captured as below.
	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
	9-4
	MsgA operation in a band combination including SUL
	MsgA operations in a band combination including SUL
	9-1, 6-16
	Yes
	N/A
	UE does not support msgA operations in a band combination including SUL
	per band combination
	N/A
	N/A
	
	
	Optional with capability signalling



No feedback is provided in contributions for the RAN1#100bis-e meeting.

5.1	Discussion 4
Companies are encouraged to provide views on whether the FG9-4 is kept or removed.
	Keeping the FG9-4 supported by:
	Objected (i.e., support removing FG9-4) by:

	Company
	Comment

	Samsung
	Ok to have.

	CATT
	Prefer to FG9-4 as single FG because 4s RACH has the similar UE feature in 6-16

	ZTE
	Ok to keep it

	Intel
	We are fine to keep it.

	Nokia, Nokia Shanghai Bell
	OK to have it

	Qualcomm
	We prefer to remove FG 9-4 since:
· It was not discussed in RAN1;
· If the SUL support for two-step RACH is no different from that of four-step RACH, there is no need to consider extra capability signaling.

	Huawei, HiSi
	OK as it is.

	Moderator
	Supporting the proposal: Samsung, CATT, ZTE, Intel, Nokia, NSB, Huawei, HiSi
Objecting the proposal: Qualcomm
More views from other companies will be appreciated.

	vivo
	Removing 9-4.
Whether supporting SUL or not for 2-step RACH can be based on the capability defined in Rel.15. No need for 9-4.

	Apple
	Ok to keep it.

	Ericsson
	OK to have.



FL proposal:
· FG9-4 is kept as a single FG for “MsgA operation in a band combination including SUL”.


6. New feature group proposal
Following feedbacks are provided in contributions for the RAN1#100bis-e meeting.
	[4]
	CATT
	Proposal 2: we prefer to removing 9-5 item from 2-step RACH feature list

	[8]
	Qualcomm Incorporated
	UE feature group 9-5
· Adding 60 kHz SCS for msgA PUSCH as an optional UE feature in FR1

[image: ]
[image: ]

	[9]
	Huawei, HiSilicon
	· For msgA transmission: Set separate UE capability for PUSCH transmission with frequency hopping;
· For msgB reception: Define max number msgB to be monitored/decoded per slot.



6.1	Discussion 5
Companies are encouraged to provide views on whether new FG for “60 kHz SCS for msgA PUSCH as an optional UE feature in FR1” is added or not.
	Adding the new FG supported by:
	Objected by:

	Company
	Comment

	Samsung
	No need. 
Scs-60khz is already UE signaled capability in rel-15. The configuration of SCS of msgA PUSCH is no different from the msg.3 SCS. For initial access, before RRC connected, gNB should not configure 60khz for initial BWP, e.g., msgA PUSCH or msg.3; and for RRC connected, unless gNB can ensure all the UEs in the overlapped BWP are supportive of 60khz, it should not configured 60khz for that bwp neither.  
So with above consideration, we think this feature group is not needed.

	CATT
	It is unnecessary to add new FG for “60 kHz SCS for msgA PUSCH as an optional UE feature in FR1”to 2-step RACH feature list because there is no any RAN1 agreement on MSGA PRACH and MSGA PUSCH for specific SCS limitation on FR1and FR2.

	ZTE
	No need for a separate capability for MsgA PUSCH, as it is agreed that the MsgA PUSCH follows the SCS of the UL BWP.

	Intel
	Agree with other companies that this FG is not needed. 

	Nokia, Nokia Shanghai Bell
	We agree with Samsung and others, no need for separate capability.

	Qualcomm
	In NR Rel-16, new PRACH format and new PUSCH waveform have been specified for NR-U. For clarification, we proposed to add a separate capability signaling for msgA PUSCH SCS in FR1. 
Since the corresponding UE feature discussion has been shifted to NR-U WI, we are fine to remove the FG on “60 kHz SCS for msgA PUSCH” and support the same SCS capabilities as legacy RACH procedure.

	Huawei, HiSi
	9-5 is not needed. 

	Moderator
	The new FG is not necessary: Samsung, CATT, ZTE, Intel, Nokia, NSB, Huawei, HiSi
The new FG is necessary: Qualcomm
More views from other companies will be appreciated.

	vivo
	FG9-5 is not needed

	Apple
	FG9-5 is not needed.

	Ericsson
	No need for 9-5 for Rel-15 (non-interlaced) PUSCH in addition to the Rel-15 signaling.  



FL proposal:
· A new FG for 60 kHz SCS for msgA PUSCH as an optional UE feature in FR1 is not introduced in Rel-16.


6.2	Discussion 6
Companies are encouraged to provide views on whether new FG for “PUSCH transmission with frequency hopping” is added or not.
	Adding the new FG supported by:
	Objected by:

	Company
	Comment

	Samsung
	No need.
Intra-slot frequency-hopping for PUSCH scheduled by Type 1 CSS before RRC connection is a mandatory feature without signaling. This can already guarantee the intra-slot FH for msgA PUSCH. Regarding the comments from HW on the different UE implementation. These two different implementations mentioned in HW tdoc can also be applied msg.3, e.g., single PUSCH with separation, or two different PUSCHs. The difference now is how to generate the potential guard symbols between hops, and these two methods can both achieve the guard symbols.  
So with above consideration, we think this feature group is not needed.

	ZTE
	Agree with Samsung that this FG is not needed

	Nokia, Nokia Shanghai Bell
	No need for this FG.

	Qualcomm
	It is not necessary to keep this FG as a separate UE capability, but some clarification is  needed for the PUSCH waveform because:
· Frequency hopping cannot be supported when interlaced waveform is used by NR-U two-step RACH. 
· Intra-slot frequency hopping can be specified as a basic UE capability in FG 9-1, when legacy PUSCH waveform is used for Rel-16 two-step RACH.

	Huawei, HiSi
	A separate FG is needed at least when non-zero GP is configured, which different from Rel-15. Samsung’s comment is unclear on how this can be applied to msg3 as there is no GP for msg3 in Rel-15 intra-slot frequency hopping.

	Moderator
	The new FG is not necessary: Samsung, ZTE, Nokia, NSB, Qualcomm
The new FG is necessary: Huawei, HiSi
More views from other companies will be appreciated.

	vivo
	No need to add new FG, i.e. supporting PUSCH with frequency hopping for 2-step RACH as basic capability.

	Apple
	It’s not necessary to introduce this new FG, it’s not the issue for UE implementing the frequency hopping with guard period.

	Ericsson
	Prefer to not define MsgA PUSCH frequency hopping as a UE capability, since then MsgA coverage will be reduced.  
We found substantial system level gains (on the order of 60% increase in served UEs) with frequency hopping for initial transmissions, although not for 3 retransmissions (details in R1-1912673).  Latency is a key benefit of 2-step, and this may be lost with retransmissions.
Regarding complexity: since the effort to introduce frequency hopping in its entirety is naturally more than the slight differences between MsgA and Msg3 intra-slot frequency hopping we expect that the performance benefits are worth the implementation cost. 



FL proposal:
· A new FG for PUSCH transmission with frequency hopping with non-zero guard period is not introduced in Rel-16.

6.3	Discussion 7
Companies are encouraged to provide views on whether or not to define “max number msgB to be monitored/decoded per slot”.
	Defining the max number supported by:
	Objected by:

	Company
	Comment

	Samsung
	No need.
By checking the FGs 5-11~11b mentioned by HW, we have following comments:
1. the msg.4 is unicast PDSCH, and msgB in some case could be unicast as well (e.g., C-RNTI included in the msgA, and PDCCH will be scrambled by C-RNTI, so no multiplexing with other UE’s response); in this case, the capability 5-11~11b is already enough;
2. if msgB is not unicast, meaning that it may be multiplexed with other UE’s response. it cannot apply 5-11~11b since it is not unicast transmission. And since UE did not have the C-RNTI thus the UE is not in connected mode, that UE very likely doesn’t have other PDSCH to be decoded. Moreover, in RAN2 agreement, they already limited the successRAR with RRC message to be only 1 in one msgB PDSCH.
So with above consideration, we think this feature group is not needed.

	ZTE
	Agree with Samsung that this FG is not needed

	Intel
	Agree with Samsung and ZTE that this FG is not needed.

	Nokia, Nokia Shanghai Bell
	No need for this FG. 

	Qualcomm
	We don’t think this FG is necessary.

	Huawei, HiSi
	Samsung’s comment is unclear/incorrect in terms of
1. The Rel-15 capability of 5-11 also include msg4 by TC-RNTI which is monitored in CSS though PDSCH msg4 can be viewed as unicast. MsgB in this case is not called msg4 but called msgB even in RRC connected states, while eventually a msg4. This is to talk about IDLE and INACTIVE states; and in RRC connected states, we can clarify 5-11 with msgB included.
2. For IDLE and INACTIVE states, the UE has to decode msgB PDSCH to figure out whether it is successRAR or fallbackRAR. However could say the UE very likely does not have other PDSCH to decode?
3. Further, the max msgB window length is extended (to up to 40 ms) compared to Rel-15 msg2 max window length (up to 10 ms), this further increases UE efforts for monitoring msgB.

	Moderator
	The new FG is not necessary: Samsung, ZTE, Intel, Nokia, NSB, Qualcomm 
The new FG is necessary: Huawei, HiSi
More views from other companies will be appreciated.

	vivo
	No discussion in RAN1 before. No need to add such FG.

	Apple
	We don’t think this FG is necessary

	Ericsson
	Not yet clear to us why the new FG would be needed.



FL proposal:
· A new FG for max number msgB to be monitored/decoded per slot is not introduced in Rel-16.


7. Conclusion
Following agreements were made.

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.
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