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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN2 sent the Reply LS on configuring margin for 1 Rx RedCap UEs [1] in response to LS on configuring margin for 1 Rx RedCap UEs (R4-2206951)[2]. In the LS, RAN2 expressed the intention of wider application  of configurable 1 Rx. offset to maximize the benefit and raised a few questions on applicability and scope of these margins with the following overall description.
	Overall Description 
RAN2 would like to thank RAN4 for the LS on configuring margin for 1 Rx RedCap UEs. RAN2 has considered RAN4’s recommendation in the LS and agreed that it would be beneficial to apply an offset to compensate for the relatively poor accuracy measurement performance of 1 Rx RedCap UEs.
RAN2 would like RAN4 to confirm RAN2’s understanding that a RedCap UE with 1 Rx branch applies the offset to all cell-specific RSRP thresholds which are applicable to RedCap, i.e., not only the thresholds explicitly mentioned in the LS from RAN4 in R4-2206951, except the case below.
RAN2 would like to ask RAN4 whether a RedCap UE with 1 Rx branch applies offset to Rel-16 low mobility and/or not at cell edge conditions, and Rel-17 stationary and not at cell edge conditions for RRC idle/inactive state.
RAN2 would like to ask RAN4 whether a RedCap UE with 1 Rx branch can apply a configurable offset to cell (re)selection thresholds, i.e., Qrxlevmin (minimum required Rx level in the cell [dBm]) and Qqualmin (minimum required quality level in the cell [dB]), Qqualmin.



This paper discusses the applicability and provides our views.
2. Discussion

RAN2 questions captured as below are asking the scope of 1 Rx. offset and raising the questions on the scope of procedures where single 1 Rx. offset can apply.  To answer these questions, characteristics of RSRP metric under 1 Rx. branch for each procedure is investigated after reviewing the RRM scope of Rel-17 RedCap UE operation.
	ACTION: 	RAN2 kindly asks RAN4 the following:
- to confirm RAN2’s understanding that a RedCap UE with 1 Rx branch applies the offset to all cell-specific RSRP thresholds which are applicable to RedCap except the case below.
-  whether a RedCap UE with 1 Rx branch applies offset to Rel-16 low mobility and/or not at cell edge conditions, and Rel-17 stationary and not at cell edge conditions for RRC idle/inactive state.
- a RedCap UE with 1 Rx branch can apply a configurable offset to cell (re)selection thresholds, i.e., Qrxlevmin (minimum required Rx level in the cell [dBm]) and Qqualmin (minimum required quality level in the cell [dB]), Qqualmin.



RRM Scope of Rel. 17 RedCap Operation
RRM Scope of Rel. 15 Basic Operation
· For RA-related operation of 1 Rx. RedCap UE with absolute RSRP thresholds in the LS [2],  RAN4 introduced cell-specific configurable 1 Rx. RSRP offset for the decision of the following procedures:  
· rsrp-ThresholdSSB, 
· rsrp-ThresholdCSI-RS, 
· msgA-RSRP-ThresholdSSB, 
· msgA-RSRP-Threshold,
· rsrp-ThresholdBFR.

· In the last meeting, introduction of Separate IDLE/INACTIVE mode thresholds for 1 Rx RedCap was also agreed as below [5]. Thus, we need to consider additional offsets at least for RSRQ and SINR. 
	Separate IDLE/INACTIVE mode thresholds for 1 Rx RedCap
RAN4 to consider defining an offset to absThreshSS-BlocksConsolidation for 1Rx UEs.
· FFS: A separate offset is defined for different measurement quantities such as SS-RSRP, SS-RSRQ etc.



Proposal 1: For 1 Rx. RedCap UE, introduce separate offset of offsetRSRQ and offsetSINR for absThreshSS-BlocksConsolidation.
Proposal 1a: For 1 Rx. RedCap UE, reuse offsetRSRP and offsetRSRQ for Q-RxLevMin / Q-QualMin level determination.
Rel. 15/16/17 Features in LS to RAN2 [3]
Since Rel-17 SDT procedure in INACTIVE is in scope of RedCap WI, we need to consider the following parameters [4] and separate offset is required for RSRP-change for TA validation of 1 Rx. RedCap UE. 

-	sdt-RSRP-Threshold: RSRP threshold for UE to determine whether to perform SDT procedure
-	cg-SDT-RSRP-ThresholdSSB: an RSRP threshold configured for SSB selection for CG-SDT
-	cg-SDT-RSRP-ChangeThreshold: RSRP change threshold for UE to determine TA validation for cg-SDT procedure
	.cg-SDT-RSRP-ChangeThreshold-r17    ENUM { dB2, dB4, dB6, dB8, dB10, dB14, dB18, dB22, 
                                            dB26, dB30, dB34, spare5, spare4, spare3, spare2, spare1}

	Rel-15/Rel-16 features in TS 38.133 
	RedCap RRM requirements applicability in R17

	Dual connectivity and carrier aggregation
	Not applicable

	2-step RA
	Applicable

	NR measurements with autonomous gaps
	Applicable

	Rel-17 features in TS 38.133
	 

	SDT
	Applicable

	Note: RAN4 will not define any RRM requirements for RedCap UE for other release 16/release 17 features which are not listed above in release 17.



Proposal 2: Introduce separate offset of offsetRSRPChange, cg-SDT for TA validation of cg-SDT procedure for 1 Rx. RedCap UE in INACTIVE.
Other Candidate Features for Rel. 17 1 Rx. RedCap UEs
The following operations can be considered as scope even though they are explicitly mentioned in the LS to RAN2 in Section 2.1.1.

· Rel. 16/Rel-17 RRM relaxation in IDLE/INACTIVE
· When both Rel-16 and Rel-17 relaxation criteria are configured, RAN4 agreed the possible cases [6] and thus these features can be the scope of 1 Rx. configuration margin.
·  s-SearchDeltaP-r16, s-SearchDeltaP-Stationary-r17 for lowMobility (Rel. 16) and stationary (Rel. 17) criteria THLD
.s-SearchDeltaP-r16 ENUM {dB3, dB6, dB9, dB12, dB15, spare3, spare2, spare1}
.s-SearchDeltaP-Stationary-r17 ENUM {dB3, dB6, dB9, dB12, dB15, spare3, spare2, spare1}
· s-SearchThresholdP/Q-r16, s-SearchThresholdP2/Q2-r17 for cellEdge test THLD
.ReselectionThrehold, Actual value = field value * 2 [dB], field = integer {0…31}
.ReselectionThreholdQ, Actual value = field value [dB], field = integer {0…31}
· Rel-17 RLM/BFD relaxation in CONNECTED 
· s-SearchDeltaP-Connected-r17 for stationary criteria THLD, value in ENUM {ffs}
· Qin, BFD/RLM + Offset X,  for good channel test 
where X in goodServingCellEvaluationRLM/BFD-r17 with ENUM {db2, db4, db6, db8}

Table. Possible Scope of Configurable Margin for 1 Rx. RedCap UEs 
	Features
	Related THLD
	THLD RANGE
	1 Rx. Offset
	Offset Pool

	Rel-15 RA-related procedure
	rsrp-ThresholdSSB, 
rsrp-ThresholdCSI-RS, 
msgA-RSRP-ThresholdSSB, 
msgA-RSRP-Threshold,
rsrp-ThresholdBFR.
	RSRP-Range
(L1-RSRP)
	RSRP Offset
	offsetRSRP

offsetcg-SDT-RSRP-Change

offsetRSRQ

offsetSINR

offsetRSRP Change

offsetReselectionThreshold*

offsetReselectionThresholdQ*

offsetL3-RSRP change
offsetL3-Quality

	Rel-17 SDT procedure (INACTIVE)
	sdt-RSRP-Threshold
cg-SDT-RSRP-ThresholdSSB

cg-SDT-RSRP-ChangeThreshold
	RSRP-Range
RSRP-Range

ENUM { dB2, dB4, dB6, dB8, dB10, dB14, dB18, dB22,dB26, dB30, dB34, spare5, spare4, spare3, spare2,spare1}

	RSRP Offset
RSRP Offset

cg-SDT-RSRP-Change Offset
	

	Rel-15 Cell (re) selection (IDLE/INACTIVE)
	absThreshSS-BlocksConsolidation



Q-RxLevMin / Q-QualMin
	ThresholdNR
: RSRP/Q/SINR-Range
(L1 RSRP/RSRQ/SINR)

Min. RSRP/RSRQ level
	RSRP Offset
RSRQ Offset
SINR Offset

RSRP Offset / RSRQ Offset
	

	Rel-16/17 RRM relaxation (IDLE/INACTIVE)
	s-SearchDeltaP-r16,
s-SearchDeltaP-Stationary-r17


s-SearchThresholdP/Q-r16,
s-SearchThresholdP2/Q2-r17
	ENUM {dB3, dB6, dB9, dB12, dB15, spare3, spare2, spare1}

ReselectionThreshold
ReselectionThresholdQ
	RSRP Change Offset



ReselectionThreshold Offset
ReselectionThresholdQ Offset
	

	[bookmark: _Hlk110394655]Rel-17 RLM/BFD relaxation (CONNECTED)
	s-SearchDeltaP-Connected-r17
Qin, BFD/RLM + Offset X
	ENUM {FFS} – L3 filtered metric
X in ENUM {db2, db4, db6, db8} – filtered metric
	L3-RSRP change offset
L3-Quality offset
	


Note. *) RSRP / RSRQ Offset is for low SNR regime while s-SearchThresholdP/Q is for RRM relaxation for high SNR regime. Thus, offset can be optimized depending on SNR regime.

Observation 1: For RRM relaxation criteria evaluation, it would be reasonable to apply different offsets for each of ReselectionThreshold and ReselectionThresholdQ since they are for high SNR regime. Also, separate RSRP change offset than cg-SDT procedure would be desirable for gNB to configure different mobility region for SDT procedure and RRM relaxation, respectively.

Proposal 3: For 1 Rx. RedCap UE, introduce separate offsetRSRPChange,RRM Relxation, offsetReselectionThreshold and offsetReselectionThresholdQ for RRM relaxation evaluation in IDLE/INACTIVE if RAN4 agree to consider them within the scope of 1 Rx. configuring margin for Rel-17 RedCap UEs.
Observation 2: For Rel-17 RLM/BFD relaxation in CONNECTED, higher layer filtered metric are used for mobility and cell-edge decision. Thus, separate 1 Rx. offset may be required even though measurement accuracy degradation from 1 Rx. would be mitigated by higher layer filtering. 

Proposal 4: For 1 Rx. RedCap UE, introduce separate offsetL3, RSRPChange and offsetL3, Quality for RLM/BFD relaxation evaluation in CONNECTED if RAN4 agree to consider them within the scope of 1 Rx. configuring margin for Rel-17 RedCap UEs.
3. Conclusion
The following are the observations and proposals based on the analysis provided in this paper:

Proposal 1: For 1 Rx. RedCap UE, introduce separate offset of offsetRSRQ and offsetSINR used for absThreshSS-BlocksConsolidation.
Proposal 1a: For 1 Rx. RedCap UE, reuse offsetRSRP and offsetRSRQ for Q-RxLevMin / Q-QualMin level determination.
Proposal 2: Introduce separate offset of offsetRSRPChange, cg-SDT for TA validation of cg-SDT procedure for 1 Rx. RedCap UE in INACTIVE.
Observation 1: For RRM relaxation criteria evaluation, it would be reasonable to apply different offsets for each of ReselectionThreshold and ReselectionThresholdQ since they are for high SNR regime. Also, separate RSRP change offset than cg-SDT procedure would be desirable for gNB to configure different mobility region for SDT procedure and RRM relaxation, respectively.

Proposal 3: For 1 Rx. RedCap UE, introduce separate offsetRSRPChange, RRM Relxation, offsetReselectionThreshold and offsetReselectionThresholdQ for RRM relaxation evaluation in IDLE/INACTIVE if RAN4 agree to consider them within the scope of 1 Rx. configuring margin for Rel-17 RedCap UEs.
Observation 2: For Rel-17 RLM/BFD relaxation in CONNECTED, higher layer filtered metric are used for mobility and cell-edge decision. Thus, separate 1 Rx. offset may be required even though measurement accuracy degradation from 1 Rx. would be mitigated by higher layer filtering. 

Proposal 4: For 1 Rx. RedCap UE, consider separate offsetL3, RSRPChange and offsetL3, Quality for RLM/BFD relaxation evaluation in CONNECTED if RAN4 agree to consider them within the scope of 1 Rx. configuring margin for Rel-17 RedCap UEs.
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