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1. Introduction
By digging into the current spec. TS38.133 Annex B, we found that there are some RRM performance testing requirements were not clearly specified in Rel-17 FR2 HST, which are also potential issue in Rel-18 FR2 HST. Besides of that, RAN5 may expect RAN4 to provide information on the following specific aspects which should be defined for UE power class 6. 
· Gain difference Y between fine and rough beams, Rx beam peak direction
· Conditions for intra-frequency measurements in FR2
In this contribution, we would like to share our viewpoints and analysis for the necessity of defining above-mentioned FR2 RRM testing requirements.
2 Discussion 
2.1 Background on FR2 RRM testing
In Rel-15, the crucial aspects for FR2 RRM performance testing requirement include but not limited to : 1) The definition of UE Rx beam and Rx beam peak direction; 2) The AoA setup and types of RRM test cases; 3) Gain difference between the rough and fine beams for Noc derivation for 1AoA. We would like to give some brief introduction regarding the above critical aspects.
2.1.1 The definition of Rx beam and Rx beam peak direction 
In RAN4 #88bis meeting the test methodology for FR2 RRM performance requirements was discussed. In particular, the following agreements were made [1]:
	Agreement in RAN4 #88bis R4-1814311
· UE RX beam types definitions
· “Fine” UE RX beams - beams used to define UE RF requirements (e.g. EIS, EIS spherical coverage)
· “Rough” UE RX beams - beams which UE is using for RRM measurements (e.g. for SSB measurements) 
· Note: The beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams can be different. The number of beams in the respective codebooks can be different.
· Beam peak definition
· UE RX beam peak is the RX beam peak defined for the UE RF in TS 38.101-2 (i.e. beam peak corresponding to the “fine” beams)


Unlike UE RF requirements are defined under assumption of fine beam, which is expected to be used for the PDSCH reception and PUSCH transmission, for RRM measurement requirements, rough beam are assumed to define the minimum requirements at most situations. In fact, although using fine or rough beams in different RRM functions are totally UE implementation issues, it is a reasonable understanding that rough beam, which with reduced size Rx beam code book, larger beam width and smaller antenna gain difference, are assumed to be used by the UE for mobility measurements of serving and neighbor cells and access procedure, while fine beams are used for data path demodulation and CSI measurements. 
2.1.2 The AOA setup and types of  RRM test cases
Four AoA setups have been identified in RAN4 #90bis: Setup #1: Single AoA in Rx beam peak direction;  Setup #2a: Single AoA in non Rx beam peak direction without change in direction; Setup #2b: Single AoA in non Rx beam peak direction with change in direction; Setup #3: 2AoAs, and the main purpose for Setup#2 is to verify whether UE performs proper Rx beam operation for any direction covered by top-50%-tile EIS spherical coverage. In RAN4 #88bis, two types of RRM test cases can be used for either 1 AoA scenario or 2AoA scenario. That is, type 1 RRM test cases: RRM test cases are designed under assumption that UE is using “fine” UE RX beams and type 2 RRM test cases: RRM test case are designed under assumption that UE is using “rough” UE RX beams. And AoA setup of the specific RRM test purposes corresponding to different Spec. TS 38.133 sections were agreed in [1] and [2].
2.1.3 Gain difference Y and Z for 1AoA RRM testing.
Before we give the concrete value of Y and Z, it is better to interpret why the gain differences are introduced. The particular antenna gain difference will depend on the angular direction and actual UE spherical coverage characteristics. For the 1 AoA case, the RX beam peak directions for the fine and rough beams could be different, and rough beam may have smaller antenna gains and a different spherical coverage performance. Based on the peak beam direction assumption, if UE is using rough beam along the fine beam peak direction, the [Y] dB difference in Noc levels should be considered, which implies the largest Rx beamforming gain difference between fine beam and rough beam on this direction. Following the similar logic, [Z] dB, which implies the RX antenna gain difference between rough and fine Rx beam over top-50%-tile EIS spherical coverage, should be used if non-peak beam direction for 1AoA RRM testing is considered. 
The initial test method discussion for different scenarios can be found in [3]. But the difference cannot be a large margin for requirements, otherwise RRM measurements will become less effective predictors of radio performance if a certain mobility operation is performed, and it may lead to wrong beam switching decisions and inconsistent performance, so to verify Rx beam operation meaningless.
Regarding the values, the value Y characterizes the antenna gain difference between the fine and rough beams in the ‘fine’ RX beam peak direction in dB.  The value Z characterizes the antenna gain difference between “fine” and “rough” in the non-beam peak direction in dB (within Nth percentile EIS directions), both of such assumptions on antenna gain difference can be used for 1AoA RRM testing. Based on the simulation results and theoretical analysis in Rel-15 both testability and RRM sessions, finally companies reached consensus that for PC3, Y=7 dB; Z = 7dB and for PC2, Y= [9] dB; Z = [9] dB.
	Agreement in RAN4 #90 R4-1902525
· The following assumptions on antenna gain difference can be used for 1AoA RRM testing: 
For peak beam direction
Antenna gain difference for PC3 Y=7dB
Y is the antenna gain difference between the fine and rough beams in the RX beam peak direction. (Y is not band dependent)
Agreement on RAN4 #91 GTW
Agreement: Z = 7dB for PC3.
Agreement: Z = [9] dB for PC2.
Agreement: Change Y from [8]dB (which was agreed last meeting) to [9] dB for PC2


2.2 The necessity of defining gain difference Y for UE power class 6
[bookmark: _Toc535443004]We found that the following testing requirements, which are defined in Annex B, B.2.1.3.1	Minimum SSB_RP values for Rx Beam Peak angle of arrival, are not defined for FR2 HST PC6. 
	Table B.2.1.3.1-1: Gain difference Y between fine and rough beams, Rx beam peak direction
	Value “Y” in dB, for each UE power class

	1
	2
	3
	4
	5
	7

	FFS
	9.0
	7.0
	FFS
	FFS
	FFS





However, based on the above backgroud analysis and current Spec. definition, almost all the performance requirement/TCs considered in FR2 HST including the expected RRM requirements/TCs in Rel-18 FR2 HST use rough beam, summarized as follows
Table 1. Beam type assumption for considered performance requirements
	Performance Requirements/ TCs
	Beam type assumption

	Active TCI state switch delay
	Rough

	Cell reselection to FR2 intra-frequency NR case
	Rough

	Intra-frequency measurement 
	Rough

	SSB based L1-RSRP measurement
	Rough

	SCell Activation and Deactivation Delay
	Rough

	Inter-frequency measurement
	Rough


Observation 1: The RRM performance requirements considered in FR2 HST are based on the rough beam assumption
Based on the observation, if the rough beam is used for FR2 HST RRM measurement, the definition of the gain difference Y between fine and rough beams along Rx beam peak direction would not be overlooked. Besides, all the UE type classes appear in the table except PC6 although the values of PC1, PC4~PC5 and PC7 are still FFS, for completeness of specification, we suggest
Propose 1: RAN4 to define gain difference Y between fine and rough beams, Rx beam peak direction for PC6 
· If RAN4 agrees to define the Y, the corresponding value to be further discussed based on the simulation results.
2.3 The necessity of defining Minimum SSB_RP for intra-frequency measurements for UE power class 6
We found that the testing requirements, which are defined in Annex B, B.2.2 Conditions for NR intra-frequency measurements, are not defined for FR2 HST PC6. By digging into the current Spec. TS 38.101-2, unlike other power classes, RF do not give quantitative value N-th percentile of the CCDF of EIS measured over the full sphere around the UE for PC6, the EIS spherical coverage for power class 6 specified in TS 38.101-2 is copied as below
	[bookmark: _Toc98864387][bookmark: _Toc99733636][bookmark: _Toc106577541][bookmark: _Toc114537292][bookmark: _Toc115257560][bookmark: _Toc123086880][bookmark: _Toc123088615][bookmark: _Toc124298271][bookmark: _Toc130575022][bookmark: _Toc131767432][bookmark: _Toc138888018]7.3.4.6	EIS spherical coverage for power class 6
The reference measurement channels and throughput criterion shall be as specified in clause 7.3.2.6
The maximum EIS measured over the spherical coverage evaluation areas is defined as the spherical coverage requirement and is found in Table 7.3.4.6-1 below. UE spherical coverage evaluation areas are found in Table 6.2.1.6-3a in clause 6.2.1.6, by consisting of Area-1 and Area-2, in the reference coordinate system in Annex J.1. The requirement is verified with the test metric of EIS (Link=Spherical coverage grid, Meas=Link angle).
Table 7.3.4.6-1: EIS spherical coverage for power class 6
	Operating band
	Max EIS over UE spherical coverage evaluation areas (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-82.6
	-79.6
	-76.6
	-73.6

	n258
	-82.8
	-79.8
	-76.8
	-73.8

	n261
	-82.6
	-79.6
	-76.6
	-73.6

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.
NOTE 3: The requirements in this table are applicable to FR2 PC6 UE with the network signalling [highSpeedMeasFlag-r17] configured as [set2].





However, RRM tests should be run in multiple directions and the signal levels will be set based on the EIS spherical coverage levels. Considering three operating band assumed in FR2 HST,  the Minimum SSB_RP values in B2.2-2 can be computed by using:
For Intra-frequency: Minimum SSB_RP (PC_X, Band_Y) = -109.5 dBm/120kHz + Refsens PC_X, Band_Y, 50MHz – Refsens PC3, n260, 50MHz + Y PC_X – Y PC3 +ΣMBP  AND
For Intra-frequency: Minimum SSB_RP (PC_X, Band_Y) = (-103.9+ΣMBS +Z) dBm/120kHz + Refsens PC_X, Band_Y, 50MHz – Refsens PC3, n260, 50MHz + Z PC_X – Z PC3 +ΣMBS with the consideration of the EIS spherical coverage requirements from 38.101-2 for PC6. 
Table B.2.2-2: Conditions for intra-frequency measurements in FR2
	Parameter
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2, Note 3
	SSB Ês/Iot

	
	
	
	dBm / SCSSSB
	dB

	
	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	

	
	
	
	UE Power class
	UE Power class
	

	
	
	
	1
	2
	3
	4
	5
	1, 2, 3, 4, 5
	

	Conditions
	Rx Beam Peak
	n257
	-128.3+Y1
	-113.8
	-112.1
	-127.8+Y4
	-123.4+Y5
	(Value for SCSSSB = 120 kHz) +3dB
	≥-6

	
	
	n258
	-128.3+Y1
	-113.8
	-112.1
	-127.8+Y4
	-123.6+Y5
	
	

	
	
	n259
	
	
	-108.5
	
	-120.5+Y5
	
	

	
	
	n260
	-125.3+Y1
	
	-109.5
	-125.8+Y4
	
	
	

	
	
	n261
	-128.3+Y1
	-113.8
	-112.1
	-127.8+Y4
	
	
	

	
	
	n262
	-123.3+Y1
	-108,6
	-106.6
	-121.8+Y4
	
	
	

	
	Spherical coverage Note 1
	n257
	-120.3+Z1
	-102.8
	-101.2
	-118.8+Z4
	-115.4+Z5
	(Value for SCSSSB = 120 kHz) +3dB
	≥-6

	
	
	n258
	-120.3+Z1
	-102.8
	-101.2
	-118.8+Z4
	-115.6+Z5
	
	

	
	
	n259
	
	
	-95.7
	
	
	
	

	
	
	n260
	-117.3+Z1
	
	-96.9
	-113.8+Z4
	
	
	

	
	
	n261
	-120.3+Z1
	-102.8
	-101.2
	-118.8+Z4
	
	
	

	
	
	n262
	-115.1+Z1
	-96.7
	-93.5
	-109.7+Z4
	
	
	

	Note 1:	Values based on EIS spherical coverage as defined in clause 7.3.4 of TS 38.101-2 [19]. Side condition applies for directions in which EIS spherical coverage requirement is met.
Note 2:	Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.
Note 3:	For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by ∆MBP,n and Spherical coverage values are increased by ∆MBS,n, the UE multi-band relaxation factor in dB specified in clause 6.2.1 of TS 38.101-2 [19].


Proposal 2: RAN4 to define Minimum SSB_RP based on different AoA assumptions for PC6 
· If RAN4 agrees to define the Minimum SSB_RP, the corresponding value to be further discussed based on the simulation results.

3. Conclusion
In this contribution, we provided our viewpoints on the RRM performance testing requirements for FR2 HST for this FR2 HST, accordingly the following observations and proposals are obtained: 
Observation 1: The RRM performance requirements considered in FR2 HST are based on the rough beam assumption
Propose 1: RAN4 to define gain difference Y between fine and rough beams, Rx beam peak direction for PC6 
· If RAN4 agrees to define the Y, the corresponding value to be further discussed based on the simulation results.
Proposal 2: RAN4 to define Minimum SSB_RP based on different AoA assumptions for PC6 
· If RAN4 agrees to define the Minimum SSB_RP, the corresponding value to be further discussed based on the simulation results.
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