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Introduction
During the last RAN4 #94-e meeting it was agreed that RRM core requirements should be revisited due to 2-step RACH. The agreements from the last meeting are as follows [1]: 
	· From RAN4 perspective, it is necessary to add RRM requirements, including core requirements and performance requirements, into the objective of the 2-step RACH WID in the next RAN plenary meeting. 
 
· FFS RRM requirements to be specified for 2-step RACH during the following procedures 
· Contention-based 2-step RACH and contention-free 2-step RACH procedures  
· FFS RRM requirements for the UE behaviour, e.g. after receiving MsgB, SuccessRAR, FallbackRAR, and Backoff Indicator etc. 
· FFS how to specify RRM requirements for 2-step RACH procedures 
· Option 1: New exclusive clause for 2-step RACH.  
· Create new clause 6.2.2.3 to TS 38.133, which describes the 2-step RACH requirements. Keep clause 6.2.2.2 in TS 38.133 only with 4-step RACH requirements. 
· Other options can also be considered. 
· Option 2: Insert 2-step RACH requirements within existing 4-step RACH requirements.  
 
· FFS impact to the following RRM requirements due to introduction of 2-step RACH procedure 
· NR handover 
· RRC re-establishment 
· RRC connection release with redirection 
· Others if identified. 
 
· Note: The exact WI objectives and WID revisions are in RAN scope. 
· Note: RAN4 will continue to discuss the above issues after RAN plenary approves the revised WID. 




The updates on the 2-step RACH WID are shown below [2]:
	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
1. Specify BS demodulation requirements for the case of PUSCH resource assigned to single UE only
2. Specify corresponding BS conformance tests
3. Specify RRM performance requirements




This paper continues the discussion that was introduced last meeting in [3], extending with observations regarding impact to other RRM procedures. It also discusses the terminology used on other working groups and how this could be reflected in RAN4 specification. 

[bookmark: _Ref31793955]Impact to random access procedure requirements
In RAN4 TS 38.133 [4], the Random access procedure is described in clause 6.2.2. Since the 2-step RACH procedure is different from the described for 4-step RACH, there is a need for RAN4 to include the new procedure in a different clause. A summary on the existing UE behaviours for 4-step RACH and how it differs for the 2-step RACH procedure is shown in Table 1 and the main differences on behaviour are presented in the discussion bellow. 
[bookmark: _Ref32508379]One major difference for the UE is the behaviour after receiving Msg2 in comparison to MsgB. The RACH  behaviour after receiving Msg2 is described in clauses 6.2.2.2.1.2 and 6.2.2.2.2.2 from TS 38.133 [4], which refer to clause 5.1.2 and 5.1.4 in TS 38.321 [7]. The new behaviour for the 2-step RACH procedure is to be included in TS 38.321 as described in the running CR [6] in clause 5.1.4a. MsgB is addressed for UEs with the same MSGB-RNTI and may contain 3 types of messages:
· Backoff indicator, which is addressed for all UEs associated with the same PRACH occasion and gives information on congestion and how long UEs should wait before retransmitting MsgA. 
· FallbackRAR, which is addressed to the UE’s RAPID. After receiving that message, the UE stops monitoring the MsgB, and continues the procedure as in the 4-step RACH by sending Msg3. The RAPID contains information of the used preamble in MsgA PRACH. 
· SuccessRAR, which is addressed to the UE’s C-RNTI or Contention Resolution Identity. After that message, the UE stops monitoring for MsgB and may acknowledge the receipt of the MsgB with an ACK. 
[bookmark: _Ref32584328]Major differences exist in between the 4-step and the 2-step RACH procedures that should be included as RRM requirements. These include the UE behaviour when transmitting MsgA, which includes a PUSCH, and the behaviour after receiving a MsgB. The MsgB may contain successRAR, fallbackRAR, and backoff indicators. An overview of the differences is shown in Table 1. 
Another aspect to consider on the RAN4 specification is the harmonization of terminology among working groups. RAN1 specifications distinguish the two types of random access as “type-1” and “type-2” random access procedure for the 4-step and 2-step, respectively. However, RAN2 had a more extensive discussion, and about the terminology, and adopt the terms “4-step RA procedure” and “2-step RA procedure”. 
[bookmark: _Ref37350624]Different terminologies are being used by RAN1 and RAN2 to distinguish the normal 4-step and the new 2-step RACH procedures.  RAN1 adopts the terms Type-1 and Type-2 random access procedures. RAN2 adopts the terms 4-step RA procedure and 2-step RA procedure. 
[bookmark: _Ref37350650]RAN4 to adopt the terminology adopted by RAN2 and distinguish the random-access procedures by calling them “4-step RA procedure” and “2-step RA procedure”. 
[bookmark: _Ref32569237]RAN4 to consider the introduction of the 2 step RACH procedure in a new clause 6.2.2.3 to TS 38.133 as in the Draft CR R4-2003394.








[bookmark: _Ref32568737]Table 1 Summary of clauses in TS 38.133 with RACH procedure description and differences to 2-step RACH
	Section
	4-step RACH referenced clauses
	2-step RACH new clauses
	Main differences between the 2-step and 4-step RACH procedures

	6.2.2.1 Introduction

	cl. 8 TS 38.213 [5]
cl. 5.1 TS 38.321 [7]
	
	Include the decision between 2-step or 4-step msgA-RSRP-Threshold defined in clause 5.1.1 of TS 38.321 [7]

	6.2.2.2 Requirements

	TS 38.213 (cl. 7.4) [5]
cl. 5.1 TS 38.321 [7]
cl. 6.3.4 TS 38.101-1 [8]
cl. 6.3.4 TS 38.101-2 [9]
cl. 6.3.43 TS 38.101-1 [8]
cl. 6.3.4.3 TS38.101-2 [9]
cl. 5.1.4 TS 38.321 [7]
	cl. 5.1.4a TS 38.321 [7]
cl. 7.1.1 TS 38.213 [5]
	In addition to the transmitted power of PRACH, include the determination of transmitted power for MsgA PUSCH in 7.1.1 TS 38.213 [5]

	6.2.2.2.1.1 Correct behaviour when transmitting Random Access Preamble
	cl. 5.1.2 TS 38.321 [7]
	cl. 5.1.2a TS 38.321 [7]
cl. 8.1A TS 38.213 [5]
cl. 7.1.1 TS 38.213 [5]
	Transmission of MsgA PUSCH in combination with MsgA PRACH as in cl. 8.1A of TS 38.213 [5] with transmit power as defined in cl. 7.1.1 of TS 38.213 [5]

In addition to rsrp-ThresholdSSB, there is a threshold for the selection of the 2-step procedure msgA-rsrp-ThresholdSSB

The PRACH occasions corresponding to the SSB are given ra-ssb-OccasionMaskIndex for the 4-step procedure, while it is given by msgA-SSB-SharedRO-MaskIndex for 2-step RACH.


	6.2.2.2.1.2 Correct behaviour when receiving Random Access Response

	cl. 5.1.2 TS 38.321 [7]
	cl. 5.1.2a TS 38.321 [7]
cl. 5.1.4a TS 38.321 [7]
cl. 8.2A TS 38.213  [5]
	Procedure after MsgB differs when compared to after Msg2. SuccessRAR, fallbackRAR, and Backoff indicator should be considered. 

ACK message may be sent after successRAR and msg3 may be sent after fallbackRAR  as in 8.2A of 38.213  [5]

	6.2.2.2.1.3 Correct behaviour when not receiving Random Access Response
	cl. 5.1.2 TS 38.321 [7]
cl. 5.1.4 TS 38.321 [7]
	cl. 5.1.2a TS 38.321 [7]
cl. 5.1.4a TS 38.321 [7]
	

	6.2.2.2.1.4 Correct behaviour when receiving an UL grant for msg3 retransmission
	
	
	For 2-step, this can be considered as part of the procedure after the fallbackRAR. 

	6.2.2.2.1.5 SA: Correct behaviour when receiving a message over Temporary C-RNTI
	cl. 5.1.2 in TS 38.321 [7]
	cl. 5.1.2a TS 38.321 [7]
	

	6.2.2.2.1.6 Correct behaviour when contention Resolution timer expires
	
	
	MsgA is transmitted instead of PRACH when backoff time expires

	6.2.2.2.2.1 Correct behaviour when transmitting Random Access Preamble

	cl. 5.1.2 TS 38.321 [7]
	cl. 5.1.2a TS 38.321 [7]
cl. 8.1A in TS 38.213 [5]
cl. 7.1.1 in TS 38.213  [5]
	Same as for 6.2.2.2.1.1
Additionally, the CSI RS threshold (cfra-csirs-DedicatedRACH-Threshold) has to be changed to reflect 2-step RACH parameter (Note 1)



	6.2.2.2.2.2 Correct behaviour when receiving Random Access Response

	cl. 5.1.2 TS 38.321 [7]
cl. 5.1.4 TS 38.321 [7]
	cl. 5.1.2a TS 38.321 [7]
cl. 5.1.4a TS 38.321 [7]
	The UE identity differs on the response of 2-step and 4-step RACH procedures. RAPID is used on Msg2 while C-RNTI or RAPID may be used on MsgB.

	6.2.2.2.2.3 Correct behaviour when not receiving Random Access Response
	cl. 5.1.2 TS 38.321 [7]
cl. 5.1.4 TS 38.321 [7]
	cl. 5.1.2a TS 38.321 [7]
cl. 5.1.4a TS 38.321 [7]
cl. 8.2A TS 38.213  [5]
	RACH-ConfigCommonTwoStepRA is introduces for 2-step RACH specific parameters, which RACH-ConfigCommon is used for 4-step RACH parameters [6].

	6.2.2.2.3 UE behaviour when configured with supplementary UL

	TS 38.331 [10]
	
	

	NOTE 1: The threshold cfra-csirs-DedicatedRACH-Threshold is defined in TS 38.331 v15.1.0, and was modified in latter versions to rsrp-ThresholdCSI-RS. Another CR (R4-2003395) is being proposed to correct the text of 38.133 accordingly. 



 



[bookmark: _Hlk31794208]Impact to requirements other than random access procedure
From the discussion last meeting it was identified that the impact to some RRM requirement due to the inclusion of the 2-step RACH procedure should be studied. The potentially impacted procedures were
· NR handover: Tinterrupt is defined on clause 6.1.1.2.2 of 38.133 [4] as a function of TIU, which depends on the RACH procedure, and is defined as:
The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.
· RRC re-establishment: TUE_re-establish_delay is defined on clause 6.2.1.2.1 of 38.133 [4] as a function of TPRACH, which depends on the RACH procedure, and is defined as:
The UE re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 [2] is detected by the UE and when the UE sends PRACH to the target PCell.
· RRC connection release with redirection:  Tconnection_release_redirect_NR is defined on clause 6.2.3.2.1 of 38.133 [2] as a function of TRACH, which depends on the RACH procedure, and is defined as:
The time delay (Tconnection_release_redirect_NR) is the time between the end of the last slot containing the RRC command, “RRCRelease” (TS 38.331 [2]) on the NR PDSCH and the time the UE starts to send random access to the target NR cell.

In all these cases, the definition of TIU the definition from clause 6.1.1.2.2 of 38.133 [4] is: 
	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].


Very similar definition is also used for TPRACH on 6.2.1.2.1 and TRACH on 6.2.3.2.1 of 38.133 [2]. All the definitions of uncertainty are related to the first available PRACH occasion in the target cell, which depends on the PRACH occasion associated period that is defined on table 8.1-1 of TS 38.213 [5]. In the current status of 38.213 and RAN1 agreements, there is no new configuration replacing table 8.1-1 for 2-step RACH. 
[bookmark: _Ref37350675]The procedures NR handover, RRC re-establishment, and RRC connection release with redirection have timing requirement that depend on the uncertainty related to the first available PRACH occasion on the target cell. 
[bookmark: _Ref37350691]Timing uncertainty of PRACH occasions is defined based on the mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period, which is not changed for the 2-step RACH procedure. 
[bookmark: _Ref37350704]The timing requirements for the NR handover, RRC re-establishment, and RRC connection release with redirection procedures should be kept unchanged. 

Conclusion
In this discussion paper the requirements for 2-step RACH RRM requirements are discussed. When considering the new behaviour of 2-step RACH, it is concluded that it is necessary to specify UE behaviour as part of the TS 38.133 [2]. From the discussion the following observations and proposals are derived: 
Observation 1: Major differences exist in between the 4-step and the 2-step RACH procedures that should be included as RRM requirements. These include the UE behaviour when transmitting MsgA, which includes a PUSCH, and the behaviour after receiving a MsgB. The MsgB may contain successRAR, fallbackRAR, and backoff indicators. An overview of the differences is shown in Table 1.
Observation 2: Different terminologies are being used by RAN1 and RAN2 to distinguish the normal 4-step and the new 2-step RACH procedures.  RAN1 adopts the terms Type-1 and Type-2 random access procedures. RAN2 adopts the terms 4-step RA procedure and 2-step RA procedure.
Proposal 1: RAN4 to adopt the terminology adopted by RAN2 and distinguish the random-access procedures by calling them “4-step RA procedure” and “2-step RA procedure”.
Proposal 2: RAN4 to consider the introduction of the 2 step RACH procedure in a new clause 6.2.2.3 to TS 38.133 as in the Draft CR R4-2003394.
[bookmark: _GoBack]Observation 3: The procedures NR handover, RRC re-establishment, and RRC connection release with redirection have timing requirement that depend on the uncertainty related to the first available PRACH occasion on the target cell.
Observation 4: Timing uncertainty of PRACH occasions is defined based on the mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period, which is not changed for the 2-step RACH procedure.
Proposal 3: The timing requirements for the NR handover, RRC re-establishment, and RRC connection release with redirection procedures should be kept unchanged.
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