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1. Introduction
This contribution discusses the remaining issues on UE features for 2step RACH.
2. Feature Group 9-1
During the previous email discussion on UE features, we have submitted our comments for the initial version on the 2step RACH UE feature. A general comment shared by many companies is that the initial version is somehow too detail especially for feature group (FG) 9-1. With that understanding, the updated UE feature list provides two types of summary for the 2step RACH: 1) Alt.1 - Detailed feature group, 2) Alt. 2 - Simplified basic feature group  
Alt.1 is still the “detailed” summary with reduction from the initial version, and Alt.2 is super simple summary which barely gives any details on what is needed for 2step RACH. That drives us to think about what is qualified to be listed in the UE feature. One of the most important symptoms is that it requires a UE to do something new rather than a UE is capable of doing. E.g., for 2step RACH, we think it might be good to capture these items requiring UE to have new behaviour than a Rel-15 UE. With above said, we think the Alt.1 might be more appropriate and a further reduction on the lists are needed.
Proposal 1: For FG 9-1, Alt.1 should be supported and further reduction on the list is needed. 
Following this logic, we have the comments for the each item in FG 9-1 for 2step RACH as shown in the following table.
Table 1 – discussion on UE feature group 9-1 for 2step RACH
	Index
	Listed UE feature in Alt.1
	New features compared to Rel-15 UE?
	To be kept?

	1
	RACH type selection based on a SSB-based RSRP threshold
	Yes. Rel-15 did not do RACH type selection.
	Yes

	2
	Separately configured ROs not applicable to 4-step RO configuration
	No. this separate configuration is actually the same manner of that for 4step RACH, just use different parameters.
	No 

	3
	Same ROs but different preamble sequences partitioning with 4-step RO preamble sequences configuration
	Yes. Rel-15 UE did not find the start of preamble set by the end of another preamble set.
	Yes 

	4
	Maximum two MsgA PUSCH configurations in an UL BWP from UE perspective
	Yes. The msgA PUSCH configuration is new to Rel-15 UE.
	Yes

	5
	Validation of MsgA PRACH and PUSCH
	Yes, the PUSCH validation is new to Rel-15 UE.
	Yes 

	6
	Mapping between preamble of MsgA PRACH and PUSCH occasion with DMRS resource of MsgA PUSCH
	Yes, this mapping between preamble and PUSCH is different from SSB-RO mapping for Rel-15 UE.
	Yes 

	7
	MsgA PUSCH transmission including scrambling, DMRS sequences and ports, RV, etc
	No. only the parameters are different.
	No 

	8
	MsgA open loop power control
	No. only the parameters are different.
	No 

	9
	Monitoring of MsgB with PDCCH addressed to msgB-RNTI or C-RNTI, and receiving MsgB including SuccessRAR, fallbackRAR, and backoff indication
	Yes, Rel-15 UE only need to monitor the msg.2 with RA-RNTI or using C-RNTI. But Rel-16 2step RACH requires UE to monitor the msgB by C-RNTI and msgB-RNTI.
	Yes

	10
	Support PUCCH transmission for HARQ-ACK feedback to a MsgB
	Yes, the PUCCH resource determination method is different from Rel-15.
	Yes

	11
	MsgA PRACH configuration and preamble formats
	Yes, with removing the preamble formats, which are the same with Rel-15.
	Yes, but MsgA PRACH configuration and preamble formats

	12
	PUCCH power control  for HARQ-ACK feedback to a MsgB
	No, the power control principle is the same as Rel-15, the TPC command is indicated by the same manner even though the TPC command is coming from new types of RAR for 2step RACH.
	No 

	13
	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
	NO.
	No

	14
	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
	NO.
	No

	15
	MsgA PRACH and PUSCH transmissions in different PRACH and PUSCH slots
	NO.
	No

	16
	Minimum TX gap between the last symbol of MsgB PDSCH and the first symbol of PUCCH carrying HARQ-ACK to MsgB PDSCH
	NO.
	No

	17
	2-step RACH operation in RRC_IDLE/INACTIVE/CONNECTED state
	Yes, some BWP could have 2step RACH only.
	Yes 

	18
	Intra-slot frequency hopping for MsgA PUSCH
	No, Intra-slot frequency hopping is also the mandatory feature for Rel-15 UE.
	No


 
[bookmark: _GoBack]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”.
3. Conclusion
In this contribution, considerations on 2step RACH UE feature are presented. In particular, the following are proposed:
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”.
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Appendix- 2step RACH UE feature list

	

	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

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



























