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[bookmark: _Toc116995841]Introduction
The discussion of RRM performance requirements is starting at RAN4#108bis meeting. At the previous RAN4#108 meeting the bigCR capturing major part of the new requirements introduced in HST FR2 Enhanced in Rel-18 was agreed [1]. The following RRM core requirements are enhanced take the main new features of HST FR2 deployments:
· Simultaneous two-panel reception:
· 7.6 Maximum Receive Timing Difference (MRTD)
· 8.1 Enhanced N1 scaling factor in SSB based RLM
· 8.5 Enhanced N1 scaling factor in SSB based BFD
· 9.5 Enhanced N1 scaling factor in L1-RSRP measurements
· Carrier aggregation and inter-frequency measurements
· 4.2 inter-frequency measurements in Idle state
· 8.3 SCell activation delay
· 9.2 Intra-frequency measurements for SCells
· 9.3 Inter-frequency measurements
· Enhanced MAC CE based TCI state switch indication
· 7.1.2.3 One-shot large UL timing adjustment 
· 8.10 TCI state switching delay
Additionally, enhancement of requirements on the scheduling restriction are still under discussion.
In this paper, we discuss what test might need to be introduced or modified to address the new core requirements in Rel-18 HST FR2 enhanced deployments.

[bookmark: _Toc116995842]Discussion

Simultaneous two-panel reception
RAN4 agreed the Rel-18 FR2 PC6 can perform simultaneous reception (i.e., data + data, data + L1, and L1 + L1). Below we provide our observations, outline the tests in more detail, and list the updated parameters needed due to the latest RRM requirement impacted by simultaneous reception.

Rel-18 FR2 enhanced CPE is able to perform simultanous multi-panel reception/measurement  following legacy conditions defined for reference sensitivity and intra-frequency measurement.


RAN4 not to enhance legacy absolute/relative SS-RSRP accuracy performance requirement during FR2 intra-frequency RSRP measurement for Rel-18 enhanced FR2 CPE with simultaneous reception.

Regarding simultaneous L1 measurement, RAN4 agreed to introduce enhanced scaling factors in L1 measurement requirements for PC6 UE supporting Rel-18 multi-panel reception when highSpeedDeploymentTypeFR2-r17 is configured as bidirectional for Rel-18 FR2 ‎[1]. L1 SSB-based RSRP measurement period can be further enhanced for FR2 PC6 UEs as presented below: 

[bookmark: _Ref146656417]Table 2: Agreed measurement period TL1-RSRP_Measurement_Period_SSB configured with highSpeedMeasFlagFR2-r17 for FR2.
	Configuration 
	TL1-RSRP_Measurement_Period_SSB (ms)  

	non-DRX 
	max(TReport, ceil(M*P*N1Note2)*TSSB) 

	DRX cycle ≤ 80ms 
	max(TReport, ceil(M*P*N1Note2*M2)*max(TDRX,TSSB))  

	80ms< DRX ≤ 320ms 
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB)) 

	DRX cycle > 320ms 
	ceil(1.5*M*P*N)*TDRX 

	Note1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting. 
Note 2:	Scaling factor N1 = 2 when highSpeedMeasFlagFR2-r17 = set1; or scaling factor N1 = 6 when highSpeedMeasFlagFR2-r17 = [set2], if UE is not supporting [simultaneousReceptionFR2HST-r18] or when highSpeedDeploymentTypeFR2-r17 is not configured as bidirectional. Scaling factor N1 = [1.5] when highSpeedMeasFlagFR2-r17 is configured to set1 or scaling factor N1 = [4] when highSpeedMeasFlagFR2-r17 is configured to set2, if UE is supporting [simultaneousReceptionFR2HST-r18] and when highSpeedDeploymentTypeFR2-r17 is configured as bidirectional. 
Note 3:	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1 



To verify Rel-17 FR2 PC6 UE to make correct/timely reporting “SSB based L1-RSRP measurement when DRX is used for power class 6 UE configured with highSpeedMeasFlagFR2-r17” test was defined in 38.133 section A.7.6.3.5 with the following test parameters/requirements.

Table 3: Test parameters provided in Table A.7.6.3.5.2-1 [38.133]
	Parameter
	Config
	Unit
	Value

	highSpeedMeasFlagFR2-r17
	1~2
	
	Set 1

	SSB GSCN
	1~2
	
	freq1

	Duplex mode
	1~2
	
	TDD

	TDD Configuration
	1~2
	
	TDDConf.3.1

	BWchannel
	1~2
	MHz
	100: NRB,c = 66

	Data RBs allocated
	1~2
	
	66

	PDSCH Reference measurement channel
	1
	
	SR.3.2 TDD

	
	2
	
	SR.3.3 TDD

	RMSI CORESET Reference Channel
	1
	
	CR.3.1 TDD

	
	2
	
	CR.3.2 TDD

	Dedicated CORESET Reference Channel
	1
	
	CCR.3.1 TDD

	
	2
	
	CCR.3.7 TDD

	SSB configuration
	1
	
	SSB.1 FR2

	
	2
	
	SSB.2 FR2

	OCNG Patterns
	1~2
	
	OP.1

	Initial BWP Configuration
	1~2
	
	DLBWP.0.1
ULBWP.0.1

	Dedicated BWP configuration
	1~2
	
	DLBWP.1.3
ULBWP.1.3

	SMTC configuration
	1~2
	
	SMTC.1

	TRS Configuration
	1~2
	
	TRS.2.1 TDD

	PDCCH/PDSCH TCI Configuration
	1~2
	
	TCI.State.2

	DRX configuration
	1~2
	
	DRX.3

	reportConfigType
	1~2
	
	periodic

	reportQuantity
	1~2
	
	ssb-Index-RSRP

	Number of reported RS
	1~2
	
	2

	L1-RSRP reporting period
	1~2
	slot
	320

	T1
	1~2
	s
	5

	T2
	1~2
	s
	3

	EPRE ratio of PSS to SSS
	1~2
	dB
	0

	EPRE ratio of PBCH DMRS to SSS
	
	
	

	EPRE ratio of PBCH to PBCH DMRS
	
	
	

	EPRE ratio of PDCCH DMRS to SSS
	
	
	

	EPRE ratio of PDCCH to PDCCH DMRS
	
	
	

	EPRE ratio of PDSCH DMRS to SSS
	
	
	

	EPRE ratio of PDSCH to PDSCH DMRS
	
	
	

	EPRE ratio of OCNG DMRS to SSSNote 1
	
	
	

	EPRE ratio of OCNG to OCNG DMRS Note 1
	
	
	

	Propagation condition
	1~2
	
	AWGN 19444Hz

	Note 1:	OCNG shall be used such that both cells are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.







Table 4: Test Requirements A.7.6.3.5.3 [38.133]. 
	A.7.6.3.5.3	Test Requirements for SSB based L1-RSRP measurement when DRX is used for power class 6 UE configured with highSpeedMeasFlagFR2-r17
The UE shall send L1-RSRP report every 320 slots (i.e., 40 msec). No later than 720 ms plus 320 slots from the beginning of time period T2, UE shall send L1-RSRP report including the results for both SSB#0 and SSB#1 while meeting the accuracy requirements defined in clause 10.1.20.1.
The reported L1-RSRP value shall include the Rx antenna gain in the range of -10 to +20 dB.
The rate of correct events observed during repeated tests shall be at least 90%.




Below, in Table 4 and Table 5, we provide an overview of expected measurement period enhancements of Rel-18 enhanced FR2 PC6 UE compared to legacy Rel-17 PC6 UEs driven from Table 2.
[bookmark: _Ref146092106][bookmark: _Hlk146092079]Table 5: L1RSRP_Measurement_Period_SSB when highSpeedMeasFlagFR2-r17 is configured to set1.
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms)

	
	M = 1, P = 1
	M = 3, P = 1

	[bookmark: _Hlk146017335]
	Rel-17 CPE
	Rel-18 CPE
	Gain
	Rel-17 CPE
	Rel-18 CPE
	Gain

	non-DRX
	40
	40
	0
	120
	100
	17%

	DRX = 20 msec
	40
	40
	0
	240
	200
	17%

	[bookmark: _Hlk146092008]TSSB = 20 msec, SMTC periodicity = 20 msec, highSpeedMeasFlagFR2-r17 is configured to set1



[bookmark: _Ref146092110]Table 6: L1RSRP_Measurement_Period_SSB when highSpeedMeasFlagFR2-r17 is configured to set2.
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms)

	
	M = 1, P = 1
	M = 3, P = 1

	
	Rel-17 CPE
	Rel-18 CPE
	Gain
	Rel-17 CPE
	Rel-18 CPE
	Gain

	non-DRX
	120
	80
	33%
	360
	240
	33%

	DRX = 20 msec
	120
	80
	33%
	360
	240
	33%

	TSSB = 20 msec, SMTC periodicity = 20 msec, when highSpeedMeasFlagFR2-r17 is configured to set2



Applying the assumptions of DRX=20 msec and M = P = 1 as defined in SSB-based L1-RSRP measurement test in 38.133 section A.7.6.3.5, yields a similar measurement performance for both Rel-17 FR2 CPE and Rel-18 FR2 enhanced CPE. 

SSB-based L1-RSRP measurement test defined in TS 38.133 section A.7.6.3.5 does not reflect enhanced L1 measurement performance of Rel-18 FR2 enhanced CPE with simultaneous L1 measurement.
RAN4 discuss to modify existing SSB-based L1-RSRP measurement test to reflect improved Rel-18 FR2 enhanced PC6 L1-RSRP measurement period. Potential enhancements can be; a) Configure the parameter highSpeedMeasFlagFR2-r17 to set2 and update corresponding test requirements in TS 38.133 section A.7.6.3.5.  b) Configure P=3 (i.e., not to configure higher layer parameter timeRestrictionForChannelMeasurements) and update the corresponding test requirements TS in 38.133 section A.7.6.3.5. 

CA operation
RAN4 has defined inter-frequency enhancement in the connected mode that can be used for detecting and reporting of a candidate SCell. RAN4 specification currently captures the measuring and reporting of inter-frequency cells in “A.7.6.2.1”, “A.7.6.2.2”, “A.7.6.2.3” and “A.7.6.2.4”. These tests are for event triggered inter-frequency reporting with and without DRX and with and without SSB time index detection. 
In Rel. 17 defined the test case “A.7.6.1.5” for FR2 event triggered intra-frequency reporting, with non-DRX scenario only. The test cases can be set to non-DRX scenario only in Rel. 18 inter-frequency reporting as well. 
RAN4 to define the test for event triggered inter-frequency reporting with non-DRX with and without SSB time index detection for UEs indicating the capability for enhanced inter-frequency measurement for HST-FR2.   
RAN4 has agreed to support SCell activation with delay requirement of “3 ms”. The current specification captures the SCell activation delay with an optional UE capability of “SCellwithoutSSB”.   Currently, no test indicates the the optional UE capability of “SCellwithoutSSB”. Thus, a new test for SCell activation delay requirement needs to be supported the existing SCell activation delay tests can be re-used and can be enhanced with the requirement to signal the “SCellwithoutSSB” capability. 
RAN4 to define the test for direct SCell activation with delay requirement of “3 ms” by enhancing the existing “A.7.5.3.4 and A.7.5.3.5” SCell activation delay requirement tests with the UEs supporting the optional capability of “SCellwithoutSSB”.

Additionally, for HST FR1 CA operation a test A.6.6.1.8 “SA event triggered reporting tests without gap under DRX for UE configured with highSpeedMeasCA-Scell-r17” was defined. There is no alternative FR2 test defined. However, PC6 UE supporting carrier aggregation should also support change of SCells while connected to the PCell.
RAN4 to define a new test alternative to A.6.6.1.8 that would verify intra-frequency cell search and A6 even reporting for switching in between two SCells.

RAN4 has agreed to support the measurement accuracy requirements for inter-frequency HST FR2 measurements. RAN4 also supports idle mode inter-frequency measurements for HST. The existing accuracy requirements for Idle mode measurements “10.1.5B” can be agreed to be applied for HST FR2 UEs supporting enhanced idle mode inter-frequency measurements. This will enable faster higher throughput for UEs coming from Idle mode.   
The accuracy requirements for inter-frequency FR2 CA/DC idle mode measurements captured in section “10.1.5B” applies to UEs indicating the capability for enhanced inter-frequency measurement for HST-FR2.
The absolute SS-RSRP and relative SS-RSRP accuracy performance requirements needs to be agreed to be applied for HST FR2 inter-frequency measurements.
Absolute and relative inter-frequency legacy SS-RSRP accuracy requirement applies for UEs supporting enhanced HST FR2 CA.

MRTD, UL TX timing and TCI state switch
The following new Core requirements were introduced for HST FR2 operation in Rel-18:
	7.6.X	Minimum Requirements for PC6 UE in FR2
In HST FR2 scenario, when [highSpeedMeasFlagFR2-r17] is configured and [highSpeedDeploymentTypeFR2] is configured as bidirectional for a PC6 UE supporting multi-panel simultaneous reception [simultaneousReceptionFR2HST-r18], the UE shall be capable of handling a maximum receive timing difference specified as in the below table 7.6.7-1. The specified timing difference is between the subframe boundaries of the signals on the same CC which UE receives using two different Rx chains simultaneously.
Table 7.6.7-1: Maximum receive timing difference requirement for PC6 UE with multi-panel simultaneous receptions
	Frequency Range
	Subcarrier spacing (kHz)
	Maximum receive timing difference (µs) 

	FR2-1
	120
	[8]






	If the UE also indicates to support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] and [R18 enhanced MAC-CE indication] is indicated as ‘1’ for the TCI state switch
[bookmark: _Hlk143783513]-	the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±7*64*Tc, and the reference point is .
If the UE also indicates to support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] and [R18 enhanced MAC-CE indication] is indicated as ‘0’ for the TCI state switch
-	the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
If the UE does not indicate to support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] or [R18 enhanced MAC-CE indication] is not indicated for the TCI state switch



	For FR2 power class 6 UE if the UE indicates to support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] and [R18 enhanced MAC-CE indication] is indicated as ‘0’ for the TCI state switch, the same requirement specified in clause 8.10.3 applies.



However, there are no tests defined for MRTD requirements in RAN4.
The most relevant test that includes data reception and also covers TCI state switching delay and UL Tx timing was defined for HST FR2 operation in Rel-17 in A.7.5.8.3 MAC-CE based active TCI state switch for HST FR2 scenario. A new test based on A.7.5.8.3 can be introduced in Rel-18 to cover the Rel-18 enhanced TCI state switch MAC CE command, corresponding enhancements and new MRTD requirement.
RAN4 to introduce a new test based on A.7.5.8.3 for verification of enhanced MAC CE TCI state switch and MRTD requirement in multi-Rx scenario.

Summary
Below, in the table we summarize the tests that are relevant to HST FR2 Enhanced operation and might be impacted or used a basis for new test definition. 

Table 1: Summary of needed modifications/enhancements in RRM performance requirements and tests for Rel-18 HST FR2 enhanced.
	Test/requirement group
	Test/requirement as a reference
	Status/Recommendation fro Rel-18 HST FR2

	10 Measurement Performance requirements,
10.1 NR measurements
	10.1.3 Intra-frequency RSRP accuracy requirements for FR2,
10.1.3.1 Intra-frequency SS-RSRP accuracy requirements
	FFS,
Applicable, no enhancements needed

	
	10.1.3B Intra-frequency RSRP accuracy requirements for FR2 for CA/DC Idle Mode Measurements
	FFS,
Applicable, no enhancements needed

	
	10.1.5 Inter-frequency RSRP accuracy requirements for FR2
10.1.5.1 Inter-frequency SS-RSRP accuracy requirements
	FFS,
Applicable, no enhancements needed

	
	10.1.5B Inter-frequency RSRP accuracy requirements for FR2 for CA/DC
Idle Mode Measurements
	FFS,
Applicable, no enhancements needed

	A.7 NR standalone tests with one or more NR cells in FR2,
A.7.1 SA: RRC_IDLE state mobility
	A.7.1.1 Cell re-selection to NR,
A.7.1.1.2 Cell reselection to FR2 inter-frequency NR case
	FFS,
New test might be needed (corresponding new requirement is defined)

	A.7 NR standalone tests with one or more NR cells in FR2,
A.7.5 Signaling characteristics
	A.7.5.3 SCell Activation and Deactivation Delay,
A.7.5.3.4 Direct SCell activation at SCell addition of known SCell in FR2 and/or
A.7.5.3.5 Direct SCell activation at handover of known SCell in FR2
	FFS,
New test(s) might be needed due to change in the activation time

	
	A.7.5.8 Active TCI state switch delay,
A.7.5.8.3 MAC-CE based active TCI state switch for HST FR2 scenario
	FFS,
New test might be needed (MRTD and new MAC CE)

	A.7 NR standalone tests with one or more NR cells in FR2,
A.7.6 Measurement procedure
	A.7.6.1 Intra-frequency Measurements,
A.7.6.1.X SA event triggered reporting tests without gap under non-DRX for PC UE
supporting [measurementEnhancementCAInterFreqFR2-r18]
	FFS,
New test might be needed similar to A.6.6.1.8 (SCell activation and Event [A6] in between SCells)

	
	A.7.6.2 Inter-frequency Measurements,
A.7.6.2.1 and 7.6.2.3 SA event triggered reporting tests for FR2 with/without SSB time index detection when DRX is not used (PCell in FR2)
	FFS,
New test might be needed similar to A.6.6.2.12 (SA event triggered reporting tests for FR1 without SSB time index detection when DRX is used for UE configured with highSpeedMeasInterFreq-r17)

	
	A.7.6.3 L1-RSRP measurement for beam reporting,
A.7.6.3.1 SSB based L1-RSRP measurement when DRX is not used
	FFS,
New/enhanced test might be needed due to enhancements in N1.



The proposed RRM performance requirements and tests applicable and/or need modification in Rel-18 HST FR2 enhanced are summarized in the Table 1 above.

[bookmark: _Toc116995848]Conclusion
In the paper, we provide the initial analysis of the RRM performance requirements and tests that need be considered for the Rel-18 HST FR2 Enhanced UEs. 
The following Observations and Proposals were made:
1. Rel-18 FR2 enhanced CPE is able to perform simultanous multi-panel reception/measurement  following legacy conditions defined for reference sensitivity and intra-frequency measurement.
1. RAN4 not to enhance legacy absolute/relative SS-RSRP accuracy performance requirement during FR2 intra-frequency RSRP measurement for Rel-18 enhanced FR2 CPE with simultaneous reception.
1. [bookmark: _Toc116995849]Applying the assumptions of DRX=20 msec and M = P = 1 as defined in SSB-based L1-RSRP measurement test in 38.133 section A.7.6.3.5, yields a similar measurement performance for both Rel-17 FR2 CPE and Rel-18 FR2 enhanced CPE. 
SSB-based L1-RSRP measurement test defined in TS 38.133 section A.7.6.3.5 does not reflect enhanced L1 measurement performance of Rel-18 FR2 enhanced CPE with simultaneous L1 measurement.
RAN4 discuss to modify existing SSB-based L1-RSRP measurement test to reflect improved Rel-18 FR2 enhanced PC6 L1-RSRP measurement period. Potential enhancements can be;
a. Configure the parameter highSpeedMeasFlagFR2-r17 to set2 and update corresponding test requirements in TS 38.133 section A.7.6.3.5.
b. Configure P=3 (i.e., not to configure higher layer parameter timeRestrictionForChannelMeasurements) and update the corresponding test requirements TS in 38.133 section A.7.6.3.5. 
RAN4 to define the test for event triggered inter-frequency reporting with non-DRX with and without SSB time index detection for UEs indicating the capability for enhanced inter-frequency measurement for HST-FR2. 
RAN4 to define the test for direct SCell activation with delay requirement of “3 ms” by enhancing the existing “A.7.5.3.4 and A.7.5.3.5” SCell activation delay requirement tests with the UEs supporting the optional capability of “SCellwithoutSSB”.
RAN4 to define a new test alternative to A.6.6.1.8 that would verify intra-frequency cell search and A6 even reporting for switching in between two SCells.
The accuracy requirements for inter-frequency FR2 CA/DC idle mode measurements captured in section “10.1.5B” applies to UEs indicating the capability for enhanced inter-frequency measurement for HST-FR2.
Absolute and relative inter-frequency legacy SS-RSRP accuracy requirement applies for UEs supporting enhanced HST FR2 CA.
RAN4 to introduce a new test based on A.7.5.8.3 for verification of enhanced MAC CE TCI state switch and MRTD requirement in multi-Rx scenario.
Table 1: Summary of needed modifications/enhancements in RRM performance requirements and tests for Rel-18 HST FR2 enhanced.
	Test/requirement group
	Test/requirement as a reference
	Status/Recommendation fro Rel-18 HST FR2

	10 Measurement Performance requirements,
10.1 NR measurements
	10.1.3 Intra-frequency RSRP accuracy requirements for FR2,
10.1.3.1 Intra-frequency SS-RSRP accuracy requirements
	FFS,
Applicable, no enhancements needed

	
	10.1.3B Intra-frequency RSRP accuracy requirements for FR2 for CA/DC Idle Mode Measurements
	FFS,
Applicable, no enhancements needed

	
	10.1.5 Inter-frequency RSRP accuracy requirements for FR2
10.1.5.1 Inter-frequency SS-RSRP accuracy requirements
	FFS,
Applicable, no enhancements needed

	
	10.1.5B Inter-frequency RSRP accuracy requirements for FR2 for CA/DC
Idle Mode Measurements
	FFS,
Applicable, no enhancements needed

	A.7 NR standalone tests with one or more NR cells in FR2,
A.7.1 SA: RRC_IDLE state mobility
	A.7.1.1 Cell re-selection to NR,
A.7.1.1.2 Cell reselection to FR2 inter-frequency NR case
	FFS,
New test might be needed (corresponding new requirement is defined)

	A.7 NR standalone tests with one or more NR cells in FR2,
A.7.5 Signaling characteristics
	A.7.5.3 SCell Activation and Deactivation Delay,
A.7.5.3.4 Direct SCell activation at SCell addition of known SCell in FR2 and/or
A.7.5.3.5 Direct SCell activation at handover of known SCell in FR2
	FFS,
New test(s) might be needed due to change in the activation time

	
	A.7.5.8 Active TCI state switch delay,
A.7.5.8.3 MAC-CE based active TCI state switch for HST FR2 scenario
	FFS,
New test might be needed (MRTD and new MAC CE)

	A.7 NR standalone tests with one or more NR cells in FR2,
A.7.6 Measurement procedure
	A.7.6.1 Intra-frequency Measurements,
A.7.6.1.X SA event triggered reporting tests without gap under non-DRX for PC UE
supporting [measurementEnhancementCAInterFreqFR2-r18]
	FFS,
New test might be needed similar to A.6.6.1.8 (SCell activation and Event [A6] in between SCells)

	
	A.7.6.2 Inter-frequency Measurements,
A.7.6.2.1 and 7.6.2.3 SA event triggered reporting tests for FR2 with/without SSB time index detection when DRX is not used (PCell in FR2)
	FFS,
New test might be needed similar to A.6.6.2.12 (SA event triggered reporting tests for FR1 without SSB time index detection when DRX is used for UE configured with highSpeedMeasInterFreq-r17)

	
	A.7.6.3 L1-RSRP measurement for beam reporting,
A.7.6.3.1 SSB based L1-RSRP measurement when DRX is not used
	FFS,
New/enhanced test might be needed due to enhancements in N1.



The proposed RRM performance requirements and tests applicable and/or need modification in Rel-18 HST FR2 enhanced are summarized in the Table 1 above.
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