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Introduction
During the last meeting [1], RAN4 agreed to the following WF [2]:

	Agreement:
· 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.
WF:
· 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.



Selection of RRM requirements for 2-step RACH
In Rel-15, random access related requirements got defined in following scenarios
I. Contention based 4-step RACH procedure and contention free RACH procedure.
II. Handover, RRC-reestablishment and RRC connection release with re-direction, 
III. Beam failure recovery
The requirements defined for scenario #I are very detailed, i.e., requirements are defined to test UE’s performance in each stage of 4-step CBRA and CFRA. On the other hand, the requirements defined for scenario #II and #III only focus on msg1 transmission. UE passes the tests if it can successfully transmit msg1 in these scenarios.

RRM requirements for 2-step CFRA

RAN2 has defined 2-step CFRA procedure only for HO procedure. Also, RAN1 UE feature session is discussing to generate a UE capability feature for 2-step CFRA [3].
Observation 1: RAN2 has defined 2-step CFRA procedure only for HO scenario. Also, RAN1 UE feature session is discussing to generate a separate UE capability feature for 2-step CFRA
Hence, it makes sense to define RRM requirements for 2-step CFRA only during handover scenario. Since the handover requirements in Rel-15 are only defined till UE’s Msg1 transmission, the same procedure can be applied here. Requirements during handover based on 2-step CFRA can only be defined till msgA transmission.
Proposal 1: RRM requirements for 2-step CFRA are only defined during handover scenario.
· For 2-step CFRA, requirements are only defined till UE’s first msgA transmission.

RRM requirements for 2-step CBRA

RAN1 has designed both successRAR and fallbackRAR in 2-step RACH. If UE receives successRAR after transmitting msgA; it assumes that the RACH procedure is successfully completed. If UE receives fallback RAR; it transmits “Msg3” of 4 step CBRA procedure. These procedures are discussed in following parts of [4]:

	
2>	if a downlink assignment has been received on the PDCCH for the MSGB-RNTI and the received TB is successfully decoded:
3>	if the MSGB contains a MAC subPDU with Backoff Indicator:
4>	set the PREAMBLE_BACKOFF to value of the BI field of the MAC subPDU using Table 7.2-1.
3>	else:
4>	set the PREAMBLE_BACKOFF to 0 ms.
3>	if the MSGB contains a fallbackRAR MAC subPDU; and
3>	if the Random Access Preamble identifier in the MAC subPDU matches the transmitted PREAMBLE_INDEX (see subclause 5.1.3a):
4> consider this Random Access Response reception successful;
[bookmark: _Hlk18930824]4> apply the following actions for the SpCell:
5>	process the received Timing Advance Command (see clause 5.2);
5>	set the TEMPORARY_C-RNTI to the value received in the fallbackRAR;
5>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);
Editor’s Note: It is FFS whether the MAC should provide the above power control related parameters to physical layer per above
5> if the Msg3 buffer is empty:
6> obtain the MAC PDU to transmit from the MSGA buffer and store it in the Msg3 buffer;
5>	process the received UL grant value and indicate it to the lower layers and proceed with Msg3 transmission;

NOTE:	If within a 2-step random access procedure, an uplink grant provided in the fallback RAR has a different size than the MSGA payload, the UE behavior is not defined.
3>	else if the MSGB contains a successRAR MAC subPDU; and
3>	if the CCCH SDU was included in the MSGA and the UE Contention Resolution Identity in the MAC subPDU matches the CCCH SDU:
4> if this Random Access procedure was initiated for SI request:
5> indicate the reception of an acknowledgement for SI request to upper layers.
4> else:
5>	set the C-RNTI to the value received in the successRAR;
5>	apply the following actions for the SpCell:
6>	process the received Timing Advance Command (see subclause 5.2);
6>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);
Editor’s Note: It is FFS whether the MAC should provide the above power control related parameters to physical layer per above
4> consider this Random Access Response reception successful;
4>	consider this Random Access procedure successfully completed;
4> finish the disassembly and demultiplexing of the MAC PDU.




Hence, RRM requirements should be specified for both fallbackRAR and successRAR.
Proposal 2: RRM requirements are specified for different stages of 2-step CBRA procedures.
· RRM requirements for fallbackRAR and successRAR are also defined.

Details of Handover requirements based on 2-step RACH
Since handover (HO) requirements are only defined till UE’s msg1 or msgA transmission during 4-step and 2-step RACH respectively, the requirements for 2-HO will not be that different from 4-step HO.
In both 4-step HO and 2-step HO scenarios, UE will have to detect (for blind HO) and track a new cell. So, the RRM requirements for both 4-step and 2-step RACH are similar up to this step. The only difference lies in the interruption uncertainty to acquire a Msg1 or MsgA occasion.
The In 4-step HO, UE will have to transmit PRACH as Msg1. Interruption uncertainty to acquire a valid Msg1, i.e., PRACH occasion, is equal to SSB-to-RACH association period.
Observation 2: In both 4-step HO and 2-step HO scenarios, UE will have to detect (for blind HO) and track a new cell. The only difference between 4-step HO and 2-step HO, in terms of defining requirements, lies in deriving the interruption uncertainty to acquire a Msg1 or MsgA occasion.
Observation 3: In 4-step RACH, interruption uncertainty is the minimum time period that guarantees the presence of a valid RACH occasion. In Rel-15, this time period is equal to SSB-to-RACH association period.

During 2-step HO, UE will have to transmit both PRACH and PUSCH as part of MsgA. Interruption uncertainty should be defined as the minimum time period that guarantees the presence of a valid msgA-PRACH and msgA-PUSCH occasion in the new cell. Following text of [5] suggests that SSB-to-PRACH association pattern period is this minimum time period in 2-step RACH.
 
	
An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that [image: ] SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains [image: ] from the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. …… An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec.

A PUSCH occasion for PUSCH transmission is defined by a set of frequency resources, time resources, and is associated with a DMRS configuration, from a number  of DMRS configurations provided by msgA-DMRS-Configuration.
A consecutive number of  preamble indexes from valid PRACH occasions in a slot
-	first, in increasing order of preamble indexes within a single PRACH occasion
-	second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
are mapped to a valid PUSCH occasion
-	first, in increasing order of frequency resource indexes  for frequency multiplexed PUSCH occasions
-	second, in increasing order of DMRS indexes within a PUSCH occasion, where a DMRS index  is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index [4, TS 38.211]
-	third, in increasing order of time resource indexes  for time multiplexed PUSCH occasions within a PUSCH slot
-	fourth, in increasing order of indexes for PUSCH slots
where ,  is a total number of preambles in valid PRACH occasions per association pattern period, and  is a total number of valid sets of PUSCH occasions per association pattern period multiplied by the number of DMRS indexes per valid PUSCH occasion. 



Observation 4: In HO based on 2-step RACH, interruption uncertainty should be defined as the minimum time period that guarantees the presence of a valid msgA-PRACH and msgA-PUSCH occasion in the new cell. According to 38.213, this minimum time period is equal to the SSB-to-PRACH association pattern period.

Proposal 3: In handover based on 2-step RACH, interruption uncertainty is defined in the following way:
“TIU is the interruption uncertainty in acquiring the first available msgA-PRACH  and msgA-PUSCH occasion in the new cell. TIU can be up to the summation of PRACH association pattern period and 10 ms. PRACH association pattern period is defined according to TS 38.213.”

Note that, according to RAN2 agreements, network has to configure 2 step CBRA resources if it configures 2 step CFRA resources [6]

 


	
Agreements for HO 2-step RA:
1. 2-step CFRA and 4-step CFRA cannot be configured simultaneously for a BWP
1. For HO 2-step CFRA, the UE will monitor the PDCCH of the target cell for the response from the gNB identified by the C-RNTI while the msgB-ResponseWindow is running. The RA procedure is considered successful upon reception of a transmission addressed to the C-RNTI containing at least the 12 bit TAC MAC CE.
1. Rebuilding is NOT supported: This means the CFRA payload size matches one of the payload sizes for CBRA and UE includes C-RNTI in MSGA for CFRA
1. In case of 2-step CFRA, once MSGA is transmitted the UE monitors MSGB-RNTI (in addition to C-RNTI – i.e. same as CBRA)
1. The initial RA type is always determined to be 2-step RA if 2-step CFRA is configured in HO
1. Similar to 4-step RA, the UE then searches for a suitable CFRA beam with configured 2-step CFRA resources 
1. RAN2 assumes that SSB and CSI-RS based 2-step CFRA can be supported.  We assume that if there are RAN1 impact then CSI-RS configuration will not be supported.    
1. The PUSCH resource for 2-step CFRA associated with the dedicated preamble will be configured to the UE via dedicated signalling (i.e. will not be included in SIB1).  FFS how and when the PUSCH resources is releases
1. 2-step CFRA is configured only on BWP where 2-step CBRA is configured 




UE selects 2 step CFRA over 2 step CBRA if RSRP of SSBs is above a certain threshold. Otherwise, UE switches to 2-step CBRA. In order to avoid complication, RAN4 performance tests should ensure that the RSRP of the SSB that has been assigned for 2-step CFRA always remains above the network configured threshold.
Observation 5: According to RAN2 agreements, network must configure 2 step CBRA resources if it configures 2 step CFRA resources. 
· UE selects 2 step CFRA over 2 step CBRA if RSRP of SSBs is above a certain threshold.
· Otherwise, UE switches to 2-step CBRA.

Proposal 4: RAN4 performance tests should ensure that the RSRP of the SSB that has been assigned for 2-step CFRA during handover always remains above the network configured threshold to select CFRA resources.

Conclusion

Observation 1: RAN2 has defined 2-step CFRA procedure only for HO scenario. Also, RAN1 UE feature session is discussing to generate a separate UE capability feature for 2-step CFRA
Observation 2: In both 4-step HO and 2-step HO scenarios, UE will have to detect (for blind HO) and track a new cell. The only difference between 4-step HO and 2-step HO, in terms of defining requirements, lies in deriving the interruption uncertainty to acquire a Msg1 or MsgA occasion.
Observation 3: In 4-step RACH, interruption uncertainty is the minimum time period that guarantees the presence of a valid RACH occasion. In Rel-15, this time period is equal to SSB-to-RACH association period.
Observation 4: In HO based on 2-step RACH, interruption uncertainty should be defined as the minimum time period that guarantees the presence of a valid msgA-PRACH and msgA-PUSCH occasion in the new cell. According to 38.213, this minimum time period is equal to the SSB-to-PRACH association pattern period.
Observation 5: According to RAN2 agreements, network must configure 2 step CBRA resources if it configures 2 step CFRA resources. 
· UE selects 2 step CFRA over 2 step CBRA if RSRP of SSBs is above a certain threshold.
· Otherwise, UE switches to 2-step CBRA.

Proposal 1: RRM requirements for 2-step CFRA are only defined during handover scenario.
· For 2-step CFRA, requirements are only defined till UE’s first msgA transmission.
Proposal 2: RRM requirements are specified for different stages of 2-step CBRA procedures.
· RRM requirements for fallbackRAR and successRAR are also defined.
Proposal 3: In handover based on 2-step RACH, interruption uncertainty is defined in the following way:
“TIU is the interruption uncertainty in acquiring the first available msgA-PRACH  and msgA-PUSCH occasion in the new cell. TIU can be up to the summation of PRACH association pattern period and 10 ms. PRACH association pattern period is defined according to TS 38.213.”
Proposal 4: RAN4 performance tests should ensure that the RSRP of the SSB that has been assigned for 2-step CFRA during handover always remains above the network configured threshold to select CFRA resources.
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