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1. [bookmark: _Ref5850594]Introduction
[bookmark: _Hlk37413676][bookmark: _Hlk37413294]In this contribution, we share our views on UE feature group drafted for NR Rel-16 two-step RACH [1]. Proposed changes for the UE feature group are based on the agreements in [4-5]. The remaining issues for the channel structure and procedures for NR Rel-16 two-step RACH can be found in our companion papers [2-3].

2. Discussion on Two-Step RACH UE Features for NR Rel-16
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1. 

	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 with not applicable to 4-step RO configuration]
1. [Same ROs and but different preamble sequences partitioning with 4-step RO preamble sequences configuration]
1. 
1. Single msgA PUSCH configuration in an UL BWP from UE perspective
1. [Maximum Ttwo MmsgA PUSCH configurations in an UL BWP from UE perspective]
1. [Validation of mMsgA PRACH and PUSCH]
1. [Mapping between preamble of MsgA PRACH and PUSCH resource units occasion with DMRS resource of MsgA PUSCH]
1. [MmsgA PUSCH transmission including scrambling, DMRS sequences and ports, RV, etc]
1. Multiple DMRS sequences for CP-OFDM based msgA PUSCH
1. Single DMRS sequence for DFT-s-OFDM based msgA PUSCH
1. [MmsgA PRACH open loop power control]
1. msgA PUSCH power control
1. [Monitoring of MmsgB with PDCCH addressed to msgB-RNTI or C-RNTI, and receiving MsgB including SuccessRAR, and fallbackRAR, and backoff indication] and PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI
1. [Support PUCCH transmission for HARQ-ACK feedback to a MsgB] that contains successRAR and to a PDSCH transmission with the corresponding PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI. The PUCCH is configured with the same numerology, TX spatial filter and UL BWP as the last msgA PUSCH transmission/retransmission
1. For [MsgA PRACH configuration and  support all preamble formats] applicable to the band
1. For short sequence based preamble format in MsgA PRACH, support 15 kHz and 30 kHz in FR1 and 60 and 120 kHz in FR2.
1. For MsgA PUSCH, support 15 kHz, 30 kHz in FR1. Support 60 kHz and 120 kHz for FR2
1. For MsgA PUSCH waveform, support both CP-OFDM and DFT-s-OFDM
1. Support DMRS ports with configuration type 1
1. [PUCCH power control  for HARQ-ACK feedback to a MsgB] 
1. MSGA PRACH configuration  
1. MSGA PRACH new configuration support (aligned with NR TEI 14-7)
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 MmsgB PDSCH and the first symbol of PUCCH carrying HARQ-ACK to MmsgB PDSCH]
1. Support RV=0 for msgA PUSCH initial transmission, re-attempt and fall-back
1. 2-step RACH operation in RRC_IDLE/INACTIVE state
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/ANo
	Yes
	
	Shall be aligned with 2-18
	Conditionallymandatory for UE supporting both 9-1 and 2-18Optional with capability signalling

	
	9-3
	Parallel MsgA and PRACH SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA
	Parallel MsgA and PRACH SRS./PUCCH/PUSCH transmissions across CCs in inter-band CA with msgA in PCell/PScell
	9-1, 2-52, 4-1, 2-12, 6-6
	Yes
	N/A
	UE cannot transmit an MsgA and other UL transmissions in parallel across CCs in inter-band CA
	per band combination
	N/ANo
	N/ANo
	
	
	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

	
	9-5
	Support 60kHz for MsgA PUSCH in FR1
	Support 60kHz for MsgA PUSCH in FR1
	9-1, 1-1
	Yes
	N/A
	
	per UE
	No
	Only applied for FR1
	
	Shall be aligned with 1-1
	Optional with capability signalling

	
	9-6
	Intra-slot frequency hopping for msgA PUSCH
	Intra-slot frequency hopping for msgA PUSCH
	9-1
	Yes
	N/A
	
	per band
	N/A
	N/A
	
	
	Optional with capability signalling

	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Company
	Comments/Questions/Suggestions

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

To summarize, we propose the following UE features for NR Rel-16 2-step RACH:
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[image: ]
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