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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN planery the WID on 2-step RACH for NR was revised to include an objective to specify RRM requirements for 2-step RACH. 
In this contribution the impact of 2-step RACH on the existing RRM requirements is analyzed. 
2. Background: 2-step RACH
2-step RACH comprises message A (MSGA) from the UE to the network and message B (MSGB) from the network to the UE. MSGA comprises Msg1 and Msg3 of 4-step RACH and MSGB comprises Msg2 and Msg4 of 4-step RACH. In MSGA the PRACH preamble (Msg1) and PUSCH (Msg3) are transmitted by the UE in different time slots with a gap (between preamble and PUSCH slots) varying between 1 and 32 slots, which is configured via RRC. 
The 2-step RACH also supports both contention-based random access (CBRA) and contention-free random access (CFRA). According to TS 38.213, the mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period, is the same for 2-step and 4-step RACH procedures. 
The network can configure both 2-step RACH and 4-step RACH for RA in the same cell. In this case the UE, according to the MAC procedure (TS 38.321), the UE selects one of the 2-step RACH and 4-step RACH procedures by comparing the measured RSRP with an RRC configurable threshold (msgA-RSRP-Threshold). If measured RSRP is above msgA-RSRP-Threshold then the UE selects 2-step RACH for RA in the UL BWP of the cell.
3. Existing RRM requirements involving RACH transmission
The following list of the existing Rel-16 NR RRM requirements defined in TS 38.133 and TS 36.133 comprise at least one component involving RACH transmission in the target cell:
Table 1: RRM requirements involving RACH transmission in NR cell
	No.
	Functionality
	Type of requirement
	Section(s)
	Specification 
	Comment

	1
	Handover to NR
	NR Handover delay
	6.1.1
	38.133
	PRACH transmission delay to target NR cell as part of requirement

	
	
	E-UTRAN - NR Handover delay
	5.3.4-5.3.5
	36.133
	PRACH transmission delay to target NR cell as part of requirement

	2
	RRC Re-establishment to NR 
	RRC Re-establishment delay
	6.2.1
	38.133
	PRACH transmission delay to target NR cell as part of requirement

	3
	RRC connection release with redirection to NR
	RRC connection release with redirection to NR delay
	6.2.3.2.1
	38.133
	PRACH transmission delay to target NR cell as part of requirement

	
	
	RRC connection release with redirection to NR delay
	6.3.2.4
	36.133
	PRACH transmission delay to target NR cell as part of requirement

	4
	UE transmit timing
	UE transmit timing error (Te)
	7.1.2
	38.133
	Initial transmit timing error for RACH transmission on NR cell

	5
	PSCell addition in NR-DC
	PSCell addition delay
	8.9.2
	38.133
	PRACH transmission delay to target NR PSCell as part of requirement

	6
	PSCell addition in EN-DC
	PSCell addition delay
	7.14.2
	36.133
	PRACH transmission delay to target NR PSCell as part of requirement


4. Analysis of RRM requirements with 2-step RACH 
Handover to NR cell: 
For handover the UE is configured with CFRA for accessing the target NR cell. In the HO delay requirement, the random access (RA) to the target cell involves delay uncertainty in acquiring the first available PRACH occasion in the target NR cell. It depends on the SSB to PRACH occasion associated period defined in TS 38.213. As stated in the background that this association is the same for 4-step and 2-step RACH. Therefore, a clarification is needed in the HO requirements that the same (existing) HO delay requirements apply for 2-step and 4-step RACH.
· Observation#1: SSB to PRACH occasion associated periods, which impact handover delay requirements for HO to target NR cell, are the same for 2-step and 4-step RACH. 
· Proposal #1: The existing handover delay requirements for HO to target NR cell in TS 38.133 and TS 36.133 are also applicable for 2-step RACH. 
RRC Re-establishment to NR: 
For RRC re-establishment the UE uses CBRA for accessing the target NR cell. It is also probable that the UE may have to select between 2-step RACH and 4-step RACH if both are configured in the target cell. By the time of sending the RA the UE has identified and L1-filtered the SS-RSRP of the target NR cell. Therefore, the UE does not need any extra margin for possible selection between 2-step RACH and 4-step RACH. Like in the HO delay requirement, the random access (RA) to the target cell in RRC re-establishment also involves delay uncertainty in acquiring the first available PRACH occasion in the target NR cell. It also depends on the SSB to PRACH occasion associated period defined in TS 38.213. As stated earlier since this association is the same for 4-step and 2-step RACH. Therefore, a clarification is needed in the RRC re-establishment requirements that the same (existing) RRC Re-establishment delay requirements apply for 2-step and 4-step RACH.
· Observation#2: During RRC re-establishment by the time of RA to the target cell target NR cell’s SS-RSRP, used for selection between 2-step and 4-step RACH, is L1-filtered. 
· Proposal #2: The existing RRC re-establishment delay requirements for RRC re-establishment to target NR cell in TS 38.133 are also applicable for 2-step RACH. 
RRC connection release with redirection to NR: 
For RRC redirection the UE uses CBRA for accessing the target NR cell. The UE may also have to select between 2-step RACH and 4-step RACH if both are configured in the target cell. Also, in RRC redirection case by the time of sending the RA the UE has identified and L1-filtered the SS-RSRP of the target NR cell. Therefore, the selection between 2-step RACH and 4-step RACH, if needed, does not need any extra margin. The RA to the target cell in RRC rediection also involves delay uncertainty in acquiring the first available PRACH occasion in the target NR cell. It also depends on the SSB to PRACH occasion associated period defined in TS 38.213. Since this association is the same for 4-step and 2-step RACH, therefore, a clarification is needed in the RRC redirection requirements that the same (existing) RRC Re-establishment delay requirements apply for 2-step and 4-step RACH.
· Proposal #3: The existing RRC release with redirection delay requirements for RRC release to target NR cell in TS 38.133 are also applicable for 2-step RACH. 
UE transmit timing error: 
Table 7.1.2-1 in section 7.1.2 of TS 38.133 defines maximum allowed UE initial transmit timing error (±Te) for uplink transmission in NR cell provided that at least one SSB is available at the UE in the last 160 ms. The Te requirement is also applicable to PRACH transmission. The UE initial transmit timing is based on the SSB in the reference cell. The acquisition of SSB at least once every 160 ms is not impacted whether the UE sends RA using 2-step RACH procedure or 4-step RACH procedure. Therefore, a clarification is needed in the UE transmit timing requirements that the same (existing) Te requirements apply for 2-step and 4-step RACH. 
· Observation#3: The use of 2-step or 4-step RACH does not impact the availability of SSB at least once every 160 ms in the reference NR cell used for deriving UE initial transmission timing for sending RACH. 
· Proposal #4: The existing UE transmit timing requirements (Te) in TS 38.133 are also applicable for 2-step RACH. 
[bookmark: _Hlk37240832]NR PSCell addition in DC: 
In both NR-DC and EN-DC, the UE is configured with CFRA for accessing the target PSCell. Like in HO requirement, the RA to the target PSCell in PSCell addition involves delay uncertainty in acquiring the first available PRACH occasion in the target PSCell. The delay uncertainty depends on the SSB to PRACH occasion associated period defined in TS 38.213 and the association is the same for 4-step and 2-step RACH. Therefore, a clarification is needed in the NR PSCell addition in NR-DC and EN-DC requirements that the same (existing) PSCell delay requirements apply for 2-step and 4-step RACH.
· Proposal #5: The existing NR PSCell addition delay requirements in NR-DC and EN-DC PSCell addition defined in TS 38.133 and TS 36.133 respectively are also applicable for 2-step RACH. 
2. Summary
[bookmark: _Hlk23953093]Based on the analysis in this paper following are the main observation and proposals. In summary the existing requirements which involve RA transmission also apply for 2-step RACH. 
· Observation#1: SSB to PRACH occasion associated periods, which impact handover delay requirements for HO to target NR cell, are the same for 2-step and 4-step RACH. 
· Proposal #1: The existing handover delay requirements for HO to target NR cell in TS 38.133 and TS 36.133 are also applicable for 2-step RACH. 
· Observation#2: During RRC re-establishment by the time of RA to the target cell target NR cell’s SS-RSRP, used for selection between 2-step and 4-step RACH, is L1-filtered. 
· Proposal #2: The existing RRC re-establishment delay requirements for RRC re-establishment to target NR cell in TS 38.133 are also applicable for 2-step RACH. 
· Proposal #3: The existing RRC release with redirection delay requirements for RRC release to target NR cell in TS 38.133 are also applicable for 2-step RACH. 
· Observation#3: The use of 2-step or 4-step RACH does not impact the availability of SSB at least once every 160 ms in the reference NR cell used for deriving UE initial transmission timing for sending RACH. 
· Proposal #4: The existing UE transmit timing requirements (Te) in TS 38.133 are also applicable for 2-step RACH. 
· Proposal #5: The existing NR PSCell addition delay requirements in NR-DC and EN-DC PSCell addition defined in TS 38.133 and TS 36.133 respectively are also applicable for 2-step RACH. 
5. References
[1] RP-200085, “Revised WID on 2-step RACH for NR”, ZTE. 
[2] R4-2002249, “WF on 2-step RACH RRM requirements”, ZTE.
[bookmark: _GoBack]
