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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the latest RAN4 #104-e, RAN4 reached an agreement on configuring margin for 1Rx RedCap UEs as below [1]. The intention of this LS was to define a single fixed offset to all cell-specific THLDs and not to expect any new signalling in RAN2. Also, the sign of the offset is left as FFS per each THLDs. 
	· A RedCap UE with 1 Rx branch applies the offset to the following broadcasted cell-specific RSRP thresholds related to L3 measurements in RRC_IDLE/INACTIVE state:
· rsrp-ThresholdSSB, 
· msgA-RSRP-ThresholdSSB, 
· msgA-RSRP-Threshold,
· absThreshSS-BlocksConsolidation,
· sdt-RSRP-Threshold.
· [bookmark: _Hlk112186348]the following cell-specific RSRP thresholds used for 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:
· [bookmark: _Hlk115083235]s-SearchDeltaP-r16,
· s-SearchDeltaP-Stationary-r17
· s-SearchThresholdP-r16, 
· s-SearchThresholdQ-r16,
· s-SearchThresholdP2-r17, 
· s-SearchThresholdQ2-r17.
· the following cell (re)selection thresholds and ranking:
· Qrxlevmin and Qqualmin
· The offset is a fixed value in dB in the above cell-specific RSRP thresholds and will be specified in TS 38.133. The magnitude of the exact offset value is [1] dB. It is not expected to introduce new RAN2 signalling.
[bookmark: _Hlk112345629]RAN4 also would like to clarify that based on the latest agreement as communicated in this LS, the offset does not apply to rsrp-ThresholdBFR and rsrp-ThresholdCSI-RS. 
Note: RAN2 is also invited to inform if any further cell-specific RSRP threshold used in RRC IDLE/INACTIVE state should be included in the list or in case any of the thresholds listed in this LS is not cell specific.



This paper updates the sign of 1 Rx. RSRP Threshold offset issues and provides our views.
2. Discussion
Review on cell-specific THLDs 
The value range of THLDs in the LS are summarized in the table below. Unlike absolute RSRP THLDs which have relatively full range with step size, the RSRP change THLDs such as s-SearchDeltaP-r16 and s-SearchDeltaP-Stationary-r17 have ENUM type format with a value set of {dB3, dB6, dB9, dB12, dB15, spare3, spare2, spare1}. 
Table 1. Possible Scope of Configurable Margin for 1 Rx. RedCap UEs 
	Features
	Field name
	RANGE 
	1 Rx. Offset

	RA-related procedure
	rsrp-ThresholdSSB, 
msgA-RSRP-ThresholdSSB, 
msgA-RSRP-Threshold,
	RSRP-Range
.Actual value = (IE value – 156) dBm, IE = integer {0 …127}
	Absolute Offset

	SDT procedure (INACTIVE)
	sdt-RSRP-Threshold
	RSRP-Range
	Absolute Offset

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




Q-RxLevMin / Q-QualMin
	ThresholdNR: RSRP/RSRQ/SINR-Range
RSRQ-Range
 .Actual value = (IE value – 87) / 2 dB, IE = integer {0 ...127}
SINR-Range 
 .Actual value = (IE value – 46) / 2 dB, IE = integer {0 ...127}

Q-RxLevMin
 .Actual value = (IE value) * 2 dBm, IE = integer {-70 ... - 22}
Q-QualMin
 .Actual value = (IE value) dB, IE = integer {-43 … -12}
	Absolute Offset

	RRM relaxation (IDLE/INACTIVE)
	s-SearchDeltaP-r16,
s-SearchDeltaP-Stationary-r17
	ENUM {dB3, dB6, dB9, dB12, dB15, spare3, spare2, spare1}
ENUM {dB2, dB3, dB6,   dB9, dB12, dB15,    spare2, spare1}
	Change Offset

	
	s-SearchThresholdP/Q-r16,
s-SearchThresholdP2/Q2-r17
	ReselectionThreshold
 .Actual value = field value * 2 [dB], field = integer {0…31}
ReselectionThresholdQ
 .Actual value = field value [dB], field = integer {0…31}
	Absolute Offset



The parameter s-SearchDeltaP-r16 (and s-SearchDeltaP-Stationary-r17) is a threshold of low mobility decision for RRM relaxation with the following procedure [2].
	The relaxed measurement criterion for UE with low mobility is fulfilled when:
- (SrxlevRef – Srxlev) < SSearchDeltaP,
Where:
   - Srxlev = current Srxlev value of the serving cell (dB).
- SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:
   .After selecting or reselecting a new cell, or
   .If (Srxlev - SrxlevRef) > 0, or
   .If the relaxed measurement criterion has not been met for TSearchDeltaP:
      - The UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell.


				Note) TSearchDeltaP  ENUM {s5, s10, s20, s30., s60, s120, s180, s240, s300, spare7, … , spare1}
Measurement accuracy of SSB-based RSRP measurement
1.0 dB accuracy relaxation of L3-RSRP measurement requirement  for 1 Rx. RedCap UE is agreed [3][4]. This value was decided after comparing the 5%-ile (left tail) and 95%-ile (right tail) values among AWGN and various fading channels at -6 dB SNR with 5 samples while 3.0 dB relaxation was agreed for L1-RSRP. 
	Max (Degradation(5%-ile, N samples), Degradation(95%-ile, N samples)), where, 
· Degradation(5%-ile, N samples) := (RSRP error at 5%-ile with 5 samples, 2Rx) - (RSRP error at 5%-ile with N samples, 1Rx)
· Degradation (95%-ile, N samples) := (RSRP error at 95%-ile with N samples, 1Rx) - (RSRP error at 95%-ile with 5 samples, 2Rx)






[image: ]
Fig. 1 Illustration of 5%-ile (left tail) point and 95%-ile (right tail) point of error distribution
Guides on 1 Rx. Offset Selection 
1 Rx. Offset for absolute RSRP THLDs
If gNB would admit UE with RSRP > THabs (dBm), then margin needs to be introduced to secure a certain level of false admission probability. Otherwise, system performance would be 50% of missing admission and 50% of false admission under symmetric RSRP measurement error at the RSRP level of THabs. Thus, this margin decreases the false admission at the cost of missing admission at the given RSRP level. Note that even though measurement error may have non-zero mean and asymmetric distribution, approximation to zero-mean with symmetric distribution is assumed for simple analysis.
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Fig. 2 Illustration of Mabs and Offset for 5% false admission rate (Red: 2 Rx., Blue: 1 Rx)
Let RSRP = X + e, where X is a true RSRP value with probability of mass function with 1.0 dB step and e is the measurement error for the 2 Rx. UEs. Then with margin Mabs > 0, the system performance can be characterized with over all miss probability Pmiss and over all false probability Pfalse 
   Pmiss = Sum {xi > THabs}  [ Pr (X = xi) * Pr (e < THabs + Mabs –  xi) ]              -------------- (1.a)
   Pfalse = Sum {xi > THabs}  [ Pr (X = xi) * Pr (e > THabs + Mabs –  xi) ]              -------------- (1.b)    
 Let RSRP = X + e’, where X is a true RSRP value and e’ is the measurement error for the 1 Rx. UEs.  
   Pmiss = Sum {xi > THabs}  [ Pr (X = xi) * Pr (e’ < THabs + Mabs + Offset – xi) ] ----------- (2.a)
    		   Pfalse = Sum {xi > THabs}  [ Pr (X = xi) * Pr (e’ > THabs + Mabs + Offset – xi) ] ----------- (2.b)    
[bookmark: _Hlk115286292]To get the same error rate at near X = xi = THabs region for 2 Rx. and 1 Rx. UEs, we can approximately choose the Offset value s.t                 
Pmiss at X = THabs:  Pr (e < Mabs )  =  Pr (e’ < Mabs + Offset)    ----------------------  (3.a)
Pfalse at X = THabs:  Pr (e > Mabs )  =  Pr (e’ > Mabs + Offset)     ---------------------- (3.b)
Taking the 5% target error probability for false admission at near X = xi = THabs for 2 Rx. UE and 1 Rx. UE, Mabs value would be 95%-tile point of in right tail region of “e” and Offset for 1 Rx. would be the same as the  measurement accuracy relaxation level at 95% confidence level. As expected, larger value of Mabs and Offset would be desired to get smaller error rate of false admission under the given measurement error distribution. Also, Mabs and Offset increase proportional to variance of measurement error for the give target error rate. 
Observation 1: To get similar false admission rate at the RSRP THLD region, 1 Rx. offset for absolute RSRP THLDs can be set as amount of “Measurement Accuracy Degradation from 2 Rx.”, which is positive value, if confidence level for RSRP measurement accuracy is the same as the target false admission rate.
Observation 1a: For absolute RSRP THLD setting, 2 Rx. THLD = THabs + Mabs (> 0) and 1 Rx. THLD = THabs + Mabs (> 0) + Offset (> 0) to get the same 5% false admission error rate at the region of RSRP = THabs where Offset is equal to measurement accuracy degradation with the similar level of confidence. 
Proposal 1: Select 5% false admission rate at the interested RSRP THLD region as a baseline performance target for the design of 1 Rx. offset to cell-specific RSRP THLDs since 5% error rate can give intuitive interpretation related with the amount of “Measurement accuracy degradation with 1 Rx. UE”.
1 Rx. Offset for RSRP Change THLD  
Now, consider the case when gNB would admit UE for RRM relaxation with RSRP change < THchg (dB). Let RSRP change Y between T1 and T2. Then Y = RSRP1 – RSRP2  = X1 – X2 + e1 – e2 = X12 + e12, where X is a true RSRP value with probability of mass function with 1.0 dB step and e is the measurement error for the 2 Rx. UEs. With low-mobility evaluation rule with margin Mchg, let X2 = True value of Srxlev and X1 = True value of SrxlevRef  and then
	For X12 < 0 case, since X1 value is updated by X2 value in this case when Y < 0. 
Prob. of miss admission: 
Sum { xi < 0}  [ Pr (X12 = xi ) * Pr (xi + e12 > THchg + Mchg)  ]  ------------- (4.a)
     		 = Sum { xi < 0}  [ Pr (X12 = xi ) * Pr (e12 > THchg + Mchg – xi) ]  
Prob. of false admission: No event
	For X12 > 0 case,  
Prob. of miss admission: 
Sum { xi > 0}  [ Pr (X12 = xi) * Pr (xi + e12 > THchg + Mchg)  ]    ----------- (4.b)
           = Sum { xi > 0} [ Pr (X12 = xi) * Pr (e12  >  THchg + Mchg – xi) ]      
Prob. of false admission:
Sum { xi > 0}  [ Pr (X12 = xi) * Pr (xi + e12 < THchg + Mchg)  ]    ----------- (4.c)
           = Sum { xi > 0} [ Pr (X12 = xi) * Pr (e12  <  THchg + Mchg – xi) ]      
 Let RSRP change Y’ = X12 + e’12, where value and e’12 is the measurement error for the 1 Rx. UEs.  
	For X12 < 0 case, since X1 value is updated by X2 in this case when Y’ < 0. 
Prob. of miss admission: 
Sum { xi < 0}  [ Pr (X12 = xi ) * Pr (xi + e’12 > THchg + Mchg + Offset) ] ----- (5.a)  
          = Sum { xi < 0}  [ Pr (X12 = xi ) * Pr (e’12 > THchg + Mchg + Offset – xi]      
Prob. of false admission: No event
	For X12 > 0 case,  
Prob. of miss admission:
Sum { xi > 0}  [ Pr (X12 = xi ) *  Pr (xi + e’12 > THchg + Mchg + Offset) ]  ----- (5.b)
= Sum { xi > 0}  * [ Pr (X12 = xi ) *  Pr (e’12 >  THchg + Mchg + Offset – xi) ]     
Prob. of false admission: 
Sum { xi > 0}  [ Pr (X12 = xi ) *  Pr (xi + e’12 < THchg + Mchg + Offset) ]  ----- (5.b)
= Sum { xi > 0}  [ Pr (X12 = xi ) *  Pr (e’12 <  THchg + Mchg + Offset – xi) ]     
To get the same error rate at near X12 = xi = THchg (> 0) region for 2 Rx. and 1 Rx. UEs, we can choose the Offset value s.t                 
Prob. of miss admission: Pr [e12 > Mchg ]  =  Pr [e’12 >  Mchg + Offset ]  ----- (6.a)
Prob. of false admission: Pr [e12 < Mchg ]  =  Pr [e’12 <  Mchg + Offset ]  ----- (6.b)
Taking the 5% target error probability for false admission at near X12 = xi = THchg for 2 Rx. UE and 1 Rx. UE, Mchgs value would be 5%-tile point of in left tail region of “e12” and Offset for 1 Rx. would be the same as the measurement accuracy relaxation level. Also note that Mchg value and Offset value have all negative values. Comparing with the absolute RSRP THLD use case, the RSRP change THLD would need more margin of Mchg to reach the same level of false admission rate under the same magnitude of 1 Rx. offset value since variance of RSRP change measurement error is doubled from that of absolute RSRP measurement.
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Fig. 3 Illustration of Mchg and Offset for 5% false admission rate (Red: 2 Rx., Blue: 1 Rx)
Observation 2: For the similar level of target error probability of false admission as measurement accuracy in the interested RSRP change region, the magnitude of 1 Rx. offset for RSRP change THLDs for RRM relaxation can be set as the “Measurement Accuracy Degradation” of RSRP change measurement while the offset itself is negative.
Observation 2a: For RSRP change THLD setting, it is possible to configure that 2 Rx. THLD = THchg + Mchg (< 0) and 1 Rx. THLD = THchg + Mchg (< 0) + Offset (< 0) to get the same 5% false admission error rate at the region of target RSRP change = THchg where Mchg and Offset are selected considering accuracy of  RSRP change measurement with the similar level of confidence.
Observation 2b : RSRP change scenario needs to consider more margin of |Mchg| > |Mabs| to reach the same level of false admission rate due to doubled error variance of RSRP change from absolute RSRP level. 
 Proposal 2: To keep the same level of false admission rate between 1 Rx. and 2 Rx. RSRP change THLDs at the region of target RSRP change, the 1 Rx. offset to RSRP change THLDs for RRM relaxation such as s-SearchDeltaP-r16 and s-SearchDeltaP-Stationary-r17 should have negative sign while positive value is required for 1 Rx. offset to absolute RSRP THLDs. Note that the difference arises from the admission condition that absolute THLD is for “greater than” condition while change THLD is for “less than” condition.

3. Conclusion

The following are the observations and proposals based on the analysis provided in this paper:

Observation 1: To get similar false admission rate of 5% at the RSRP THLD region, 1 Rx. offset for absolute RSRP THLDs can be set as amount of “Measurement Accuracy Degradation from 2 Rx.”, which is positive value, if confidence level for RSRP measurement accuracy is the same as the target false admission rate.
Observation 1a: For absolute RSRP THLD setting, 2 Rx. THLD = THabs + Mabs (> 0) and 1 Rx. THLD = THabs + Mabs (> 0) + Offset (> 0) to get the same 5% false admission error rate at the region of RSRP = THabs where Offset is equal to measurement accuracy degradation with the similar level of confidence. 
Proposal 1: Select 5% false admission rate at the interested RSRP THLD region as a baseline performance target for the design of 1 Rx. offset to cell-specific RSRP THLDs since 5% error rate can give intuitive interpretation related with the amount of “Measurement accuracy degradation with  1 Rx. UE”.
Observation 2: For the similar level of target error probability of false admission as measurement accuracy, the 1 Rx. offset for RSRP change THLDs for RRM relaxation can be set as “Measurement Accuracy Degradation” level, which is a negative value.
Observation 2a: For RSRP change THLD setting, 2 Rx. THLD = THchg + Mabs (< 0) and 1 Rx. THLD = THchg + Mchg (< 0) + Offset (< 0) to get the same 5% false admission error rate at the region of RSRP change = THchg where Offset is equal to measurement accuracy degradation with the similar level of confidence. 
Observation 2b: RSRP change scenario needs to consider more margin of |Mchg| > |Mabs| to reach the same level of false admission rate due to doubled error variance of RSRP change from absolute RSRP level. 
Proposal 2: To keep the same level of false admission rate between 1 Rx. and 2 Rx. RSRP change THLDs at the region of target RSRP change, the 1 Rx. offset to RSRP change THLDs for RRM relaxation such as s-SearchDeltaP-r16 and s-SearchDeltaP-Stationary-r17 should have negative sign while positive value is required for 1 Rx. offset to absolute RSRP THLDs. Note that the difference arises from the admission condition that absolute THLD is for “greater than” condition while change THLD is for “less than” condition.
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