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[bookmark: _Toc116995841]Introduction
During the previous RAN4#109 meeting an LS request [1] from the parallel RAN5#101 meeting was received on the missing parameters for PC1, PC5, and PC6 in the RAN4 test parameters in clauses A.3 and B.2:
	RAN5 has identified below RAN4 parameters that aren’t defined for power classes 1, 5, and 6 in TS 38.133 v18.3.0. Due to this, several test cases and work items cannot be completed in RAN5 TS 38.533. The missing list of parameters from TS 38.133 is as follows:
	[bookmark: _Hlk157607567]
	Power Class 1
	Power class 5
	Power class 6

	Relative angular offsets between active probes (clause A.3.15.3)
	
	Missing
	Missing

	Gain difference Y (Table B.2.1.3.1-1)
	Missing
	Missing
	Missing

	Gain difference Z (Table B.2.1.3.2-1)
	Missing
	Missing
	Missing

	Minimum SSB_RP for SSB based L1-RSRP (clause B.2.4.1)
	
	
	Missing

	Minimum CSI-RS_RP for SSB based L1-RSRP (clause B.2.4.2)
	
	
	Missing

	UE Gain (clause B.2.1.5 and B.2.1.6)
	Missing
	Missing
	Missing






In this contribution we discuss which of the parameters needs to be defined in RAN4.
We also provide a draft of the LS Reply to RAN5.
Additionally, at the RAN4#109 meeting one related CR [2] on relative angular offsets between 2 active probes for FR2 HST PC6 UEs was agreed. We also discuss whether all the angles agreed in that CR are, indeed, applicable for PC6 UEs.
Additionally, we submit accompanying CR [3] to Rel-17 TS 38.133 to reflect the proposals of this paper.

[bookmark: _Toc116995842]Discussion
Firstly, we notice that in the LS, RAN4 refers to the Rel-18 version of the TS 38.133. However, PC1, PC5, and PC6 have been already introduced in earlier releases. Up to our understanding, RAN5 is still working on Rel-17 test cases, and performance requirements for Rel-18 are still not finished in RAN4, at least for HST FR2 Enhanced PC6 UEs.
[bookmark: _Toc158634686][bookmark: _Toc159273519]RAN4 to clarify with RAN4 whether requested missing parameters need to be added from Rel-17 version of TS 38.133.

[bookmark: _Hlk158909844]On relative angular offsets between two probes for FR2 PC6 and PC5 UEs
PC6 UEs were introduced specifically for the High Speed Train (HST) deployments in FR2. Since PC6 UEs are supposed to be installed on the roof top of the train, and the RRH are placed along the railways track, LoS conditions are assumed, it is not expected that the signals can come to the UE from all direction. For example, it is not expected that the signal can come from top of the train or from it’s bottom. Therefore, RF requirement for PC6 UE defined in TS 38.101-2, Clause 6.2.1.6 are introduced not for the whole 360 degree spherical coverage area around the UE but for the limited evaluation area:
	UE spherical coverage evaluation areas are found in Table 6.2.1.6-3a below, by consisting of Area-1 and Area-2, in the reference coordinate system in Annex J.1.

Table 6.2.1.6-3a: UE spherical coverage evaluation areas for power class 6
	
	θ range (degree)
	ϕ range (degree)

	Area-1
	90 to 60
	- 37.5 to + 37.5

	Area-2
	90 to 60
	142.5to 217.5

	NOTE 1: 	When testing power class 6 UEs, DUT orientation can be determined according to the UE spherical coverage evaluation areas, not necessarily following default alignment in Figure J.1-2 or positioning guidelines in clause J.3.
NOTE 2: 	High speed train deployment is expected to be w.r.t. the reference coordination system: θ = 90 (degree) corresponds to the ground plane the train is running on, and ϕ= 0 or 180 with θ = 90 are the train track directions.






[bookmark: _Toc158634687][bookmark: _Toc159273520]For PC6 UEs, UE spherical coverage evaluation areas are defined for the limited areas within the θ range from 90 to 60 degrees, and ϕ range from - 37.5 to + 37.5 (Area-1), and from 142.5to 217.5 degrees (Area-2).
The spherical coverage evaluation areas for PC6 devices are shown in Figure 1.


[bookmark: _Ref157461420]Figure 1: Spherical coverage for PC6 UE.

Several RRM tests introduced for the PC6 UEs require the presence of 2 active probes with two different AoA in the test setup.
For example, MAC-CE based active TCI state switch test for HST FR2 scenario (Clause A.7.5.8.3) OTA related test parameters for TCI state switch (Table A.7.5.8.3.1.1-4) are referencing Angle of arrival configuration as Setup 3 according to clause A.3.15.3:
	A.3.15.3 Setup 3: 2 AoAs
There are 2 active probes in the test. The DL signals, and noise if applicable, transmitted from the two active probes, align to directions (AoAs) which are from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. The relative angular offset between the directions (AoAs) of the 2 active probes, shall be changed for each test iteration. The applicable set of relative angular offsets between the 2 active probes is given in Table 3.15.3-1 for each UE power class.
Editor Note: If RAN5 finds the changing of angular offset between the directions (AoAs) of the 2 active probes per test iteration to be infeasible from the perspectives of EIS spherical coverage and other impacts, e.g.: testing time, then the test setup will be revised. 
[bookmark: _Hlk157462089]Table A.3.15.3-1: Set of relative angular offsets between active probes for each power class
	UE Power class
	Relative angular offset between active probes

	1
	30°, 60°, 90° and 120°

	2
	FFS

	3
	30°, 60°, 90°, 120° and 150°

	4
	FFS

	5
	FFS

	6
	30°, 60°, 90°, 120° and 150°

	7
	FFS






Clause 7.3.4.6 (EIS spherical coverage for power class 6) of TS 38.133 states that
	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.



Handling of Angles of Arrival (AoA) is described in the RAN5 TR 38.903:
	[bookmark: _Toc535476834][bookmark: _Toc36041492][bookmark: _Toc36548716][bookmark: _Toc43901191][bookmark: _Toc52371918][bookmark: _Toc58253375][bookmark: _Toc75371500][bookmark: _Toc83730666][bookmark: _Toc90489167][bookmark: _Toc100005233][bookmark: _Toc114990056][bookmark: _Toc146408390]A.2.1	Angles of Arrival
A.2.1.1	Relevant core requirements
In FR2, the performance of the UE depends on the downlink signal angle of arrival, and is characterised by two parameters:
-	Refsens: lowest signal level for a given demodulation performance in the UE Rx beam peak direction, specified in TS 38.101-2 [16] clause 7.3.2 according to UE Power class, Channel bandwidth and operating band
-	EIS spherical coverage: lowest signal level for a given demodulation performance in a specified percentile of other directions, specified in TS 38.101-2 [16] clause 7.3.4 according to UE Power class, Channel bandwidth and operating band
As both of these requirements are defined in the context of a throughput requirement, the UE is assumed to be using fine beams. Note that for directions outside the specified percentile of spherical coverage directions, there are no requirements. Testing must therefore be carried out within the spherical coverage directions. For testing, direction is 3-dimensional, but the principle can be illustrated in a 2-dimensional diagram:
[image: ]
Figure A.2.1.1-1: UE Rx Beam-peak and spherical coverage directions, Fine beams



The considerations above are formulated considering PC3 devices, however, in Clause A.2.2 that also illustrates UE Fine beams and Rough beams, the spherical coverage percentile is also taken into account for RAN4 RRM requirements, as illustrated in the figure below:
	
[image: ]
Figure A.2.2.1-2: Fine and rough beams, spherical coverage directions



[bookmark: _Toc158634688][bookmark: _Toc159273521]In RAN5 TR 38.903, it is assumed that for directions outside the specified percentile of spherical coverage directions, there are no requirements.
As it can be seen in Figure 1 for PC6 UEs, not all angular offsets in between the probes can be supported because some angles may result in the probe orientation outside of UE spherical coverage evaluation areas.
Moreover, some of the RRM tests with two AoA are defined with the propagation conditions when for one AoA/RRH/cell the channel is AWGN, and for the other one it is AWGN 19444Hz that implies that the signals are coming to the UE from two different directions. Whereas, in the Test A7.7.5.8.2, for two AoA: AWGN and AWGN with 9722 Hz frequency offset channels are assumed, i.e., the transmissions are coming to the UE from the same direction.
[bookmark: _Toc158634689][bookmark: _Toc159273522]90 degrees offset between active probes cannot be used for PC6 devices because the angular offset cannot match the spherical coverage evaluation areas specified in TS 38.101-2.
[bookmark: _Toc158634690][bookmark: _Toc159273523]Exclude 90 degrees relative offset between active probes in Table A.3.15.3-1 for PC6 UEs.

The use of angular offset that are applicable for a particular PC6 UE test case depends on the propagation conditions specified for the test, i.e., whether the signals are transmitted to the UE from the same (AWGN 9722 Hz) or different directions (AWGN 19444 Hz).
[bookmark: _Toc158634691][bookmark: _Toc159273524]The applicable angular offset between active probes in the test cases for PC6 UE depends on the propagation conditions test parameter for two AoAs/RRHs/cells, i.e., whether it is AWGN for AoA1, and AWGN with 19444 HZ or AWGN with 9722 Hz for AoA2.
[bookmark: _Toc158634692][bookmark: _Toc159273525]Clarify in the note to HST FR2 PC6 test case parameters in TS 38.133, which relative angular offset between active probes in Setup 3 according to clause A.3.15.3 are applicable.

In contrast to PC6 UEs, PC5 devices are designed for Fixed wireless access (FWA) UEs, optimizing for stationary setups with efficient energy usage. In this respect they are similar to PC1 devices that are also designed for FWA. Moreover, the EIS spherical coverage for PC1 and PC5 are defined in a similar way in TS 38.101-2, Clause 7.3.4.1 and 7.3.4.5, respectively.
For PC1 devices, the set of relative angular offsets between active probes are already defined and can be reused for PC5.
[bookmark: _Toc158634693][bookmark: _Toc159273526]Defined relative angular offset between active probes for PC5 as for PC1, i.e., 30°, 60°, 90° and 120 degrees.

On gain difference between rough and fine beams
The concept of handling testing tolerances topics for radiated test cases defined in TS 38.533 in respect of UE fine and rough beams is also well introduced in the RAN5 TR 38.903, Clause A.2.2:
	[bookmark: _Toc36041495][bookmark: _Toc36548719][bookmark: _Toc43901194][bookmark: _Toc52371921][bookmark: _Toc58253378][bookmark: _Toc75371503][bookmark: _Toc83730669][bookmark: _Toc90489170][bookmark: _Toc100005236][bookmark: _Toc114990059][bookmark: _Toc146408393]A.2.2	UE Fine beams and Rough beams
[bookmark: _Toc36041496][bookmark: _Toc36548720][bookmark: _Toc43901195][bookmark: _Toc52371922][bookmark: _Toc58253379][bookmark: _Toc75371504][bookmark: _Toc83730670][bookmark: _Toc90489171][bookmark: _Toc100005237][bookmark: _Toc114990060][bookmark: _Toc146408394]A.2.2.1	Relevant core requirements
UE requirements such as Refsens in TS 38.101-2 [16], assume that the UE is using a fine beam which has higher antenna gain to give good demodulation performance. However, in some RRM scenarios where the UE is for example searching for or measuring other cells, the UE uses rough beams which have lower antenna gain. The difference in gain is specified depending on the Angle of Arrival:
-	The Gain difference Y between fine and rough beams in the UE Rx beam peak direction is specified in TS 38.133 [17] Table B.2.1.3.1-1 according to UE Power class
-	The Gain difference Z between fine and rough beams in the UE Spherical coverage directions is specified in TS 38.133 [17] Table B.2.1.3.2-1 according to UE Power class
The Gain differences Y and Z are not dependent on Channel bandwidth or operating band. The concept is illustrated in Figures A.2.2.1-1 and A.2.2.1-2.
[image: ]
Figure A.2.2.1-1: Fine and rough beams, Rx Beam peak direction

[image: ]
Figure A.2.2.1-2: Fine and rough beams, spherical coverage directions

[bookmark: _Toc36041497][bookmark: _Toc36548721][bookmark: _Toc43901196][bookmark: _Toc52371923][bookmark: _Toc58253380][bookmark: _Toc75371505][bookmark: _Toc83730671][bookmark: _Toc90489172][bookmark: _Toc100005238][bookmark: _Toc114990061][bookmark: _Toc146408395]A.2.2.2	Modelling of Fine beams and Rough beams
Where the UE is assumed to use fine beams, the scenario is already covered in the Refsens and EIS spherical coverage requirements, and no further modifications are needed.  
Where the UE is assumed to use rough beams, the effect is modeled as a reduction in gain of YdB or ZdB, according to the Angle of Arrival of each downlink signal. The reduction in gain translates to a higher UE internal noise seen at the Reference point where the downlink signals are applied. UE noise calculated from Refsens or from EIS spherical coverage requirements is increased by YdB or ZdB respectively. UE internal noise calculation is given in clause A.2.3.

[bookmark: _Toc36041498][bookmark: _Toc36548722][bookmark: _Toc43901197][bookmark: _Toc52371924][bookmark: _Toc58253381][bookmark: _Toc75371506][bookmark: _Toc83730672][bookmark: _Toc90489173][bookmark: _Toc100005239][bookmark: _Toc114990062][bookmark: _Toc146408396]A.2.2.3	Principles for Test Tolerance analysis 
The following principles shall be followed in the test case analysis:
-	The Type of beam assumed to be used by the UE for each downlink signal shall be defined: either Fine Beam or Rough Beam
-	Where UE internal noise is relevant, and the UE is assumed to be using Rough Beams, it is increased by the value of Y or Z, selected according to UE Power class and Angle of Arrival.
UE internal noise calculation is given in clause A.2.3.




From the material above, we note especially that when “UE is assumed to use rough beams, the effect is modelled as a reduction in gain of YdB or ZdB, according to the Angle of Arrival of each downlink signal.” Therefore, even when the requirements are defined for the rough beams, for the test tolerance evolution in RAN5, it is necessary to define the values of:
· [bookmark: _Hlk157526992]Gain difference Y between fine and rough beams, Rx beam peak direction (Table B.2.1.3.1-1 of TS 38.133), YdB
· Gain difference Z between fine and rough beams, Spherical coverage directions (Table B.2.1.3.2-1 of TS 38.133), ZdB
Additionally, there are RRM test cases, e.g., for PC6 UE, that are checking UE measurement accuracies when rough beams are in use, such as A.7.6.3.5 SSB based L1-RSRP measurement when DRX is used for power class 6 in TS 38.133:
	A.7.6.3.5.3 Test Requirements
The UE shall send L1-RSRP report every 320 slots. 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%.



In the TR 38.801, Section 6.2.1.4 there are test parameters, metrics and scenarios described that assume rough beams and require Z factor to be defined:
	The following Modes for useful signals (S) and noise signals (N) configuration have been identified and can be supported by the NR RRM Test Methods:
-	Mode 1 (SNR emulation): Test system transmits useful signals (S) and noise signals (N) to emulate target SNR condition.
-	Mode 2 (noise-free transmission): Test system transmits only useful signals (S).
The test cases in core specification TS 38.133 [17] will be specified at the reference point, according to the following principles:
-	Mode 1
-	Specify absolute Noc level at the Reference point per angle of arrival (AoA)
-	Noc level may have different value according to operating band and UE power class 
-	Specify SNR at the Reference point per angle of arrival (AoA)
-	SNR is a test-specific value
-	The angle(s) of arrival (AoA(s)) will be specified in each test case.
[image: ]
Figure 6.2.1.4.2-1: DL SNR reference point for RRM testing methodology
The following Scenarios for RRM requirements have been identified and can be supported by the NR RRM test methods:
-	Scenario 1: RRM requirement with single Angle of Arrival (1 AoA) with signal coming from RX beam peak direction.
	-	Scenario 2: RRM requirement with single Angle of Arrival (1 AoA) with signal coming from RX non-beam peak direction.
-	The test can be performed in any single direction which is covered by Nth percentile EIS spherical coverage of the DUT
-	Value of N is according to FR2 UE power class, as defined in TS 38.101-2 [16] clause 7.3.4.
-	Scenario 3: RRM requirement with two Angle of Arrivals (2 AoAs).
-	Test directions:
-	Both signals come from the directions covered by the N% percentile EIS spherical coverage of the DUT
-	The angle between two probes should match the relative probe spacing of 30, 60, 90, 120, 150 deg and UE is in the directions in which the UE RRM test cases can be performed. 
-	Value of N is according to FR2 UE power class, as defined in TS 38.101-2 [16] clause 7.3.4.
-	The following sub-cases are considered
-	Case 1: TDM transmissions from 2 probes (i.e. each probe transmits both signal and/or artificial noise in TDM manner).
-	Case 2: Simultaneous transmission of signals from 2 probes
-	The details on how to control the SINR for Case 1 and Case 2 are provided in Annex H.
Note:	No conclusions on the feasibility of generating the testable side conditions made for Case 2. The feasibility of generating the testable side conditions for Case 2 can be further studied in the future releases.
The following Types of RRM requirements have been identified and can be supported by the NR RRM test methods:
-	Type 1: 
-	RRM requirements defined under the assumption that the UE is using "Fine" UE RX beams.
-	"Fine" UE RX beams are the beams used by the UE to perform PDSCH reception and used to define UE RF requirements (e.g. EIS, EIS spherical coverage)
-	Type 2: 
-	Requirements defined under the assumption that the UE is using "Rough" UE RX beams.
-	"Rough" UE RX beams are the beams which the UE is using for RRM measurements (e.g. for SSB measurements)
For selecting the testing direction (AoA to test the requirement) fulfilling certain preconditions, two methods are feasible from the perspective of RRM baseline measurement setup, as follows:
-	Method 1: Run a pretest in the RRM baseline measurement system to identify all the directions (with a given spatial granularity) at which the UE fulfils a given precondition (e.g. spherical coverage EIS). The testing directions are then chosen out of the valid directions, following a given rule. The precondition to be fulfilled, and the rule how to select the testing direction out of the valid directions, are specified in the test description.
-	Method 2: For each given potential direction, test first a given precondition (e.g. minimum TP for a given power), which validates the direction as valid for testing or not. If the direction is valid, test the requirement, if not, jump to the next potential direction following a given rule. The rule how to select the potential directions and the precondition to validate them as testing direction, are specified in the test description.

....

[bookmark: _Toc138876239]6.2.1.4.4	Scenario 1 (1AoA RX beam peak) for Type 2 Requirements ("Rough" RX beams) and Mode 1 Configuration (S+N)
The Noc is derived similar as in clause 6.2.1.4.3 with the following exception:
-	Noc level is increased by Y, where:
-	Value Y characterizes the antenna gain difference between the fine and rough beams in the ‘fine’ RX beam peak direction. 
Table 6.2.1.4.4-1: Gain difference Y (dB)
	Value "Y" in dB, for each UE Power class

	1
	2
	3
	4

	FFS
	[9.0]
	7.0
	FFS







[bookmark: _Toc158634694][bookmark: _Toc159273527]There are RRM tests that use rough beams but include checking of RSRP measurement accuracy, e.g., “A.7.6.3.5 SSB based L1-RSRP measurement when DRX are used for power class 6 in TS 38.133. UE configured with highSpeedMeasFlagFR2-r17”. The values of Gain difference between fine and rough beams for Rx beam peak direction (YdB) and Spherical coverage directions (ZdB) needs to be defined for test tolerance handling in RAN5.

Like it was discussed, e.g., in [3], accurate evaluation of gain difference in between rough and fine beams requires sophisticated simulation of UE antennaa and beams. However, preliminary estimations can be made by comparing the sizes of the antenna panels typical for each of the power classes.
For PC3 UEs, there is 7dB gain difference between fine beam (i.e., when all antennas =4 are used to form the beam) and rough beam (when 1 antenna is used). Based on antenna theory, the gain difference between 4 and 1 antenna at a peak direction should be 10log10(4)=6 dB. Due to the space limitation of PC3 device, surrounding objects (causing coupling effect) and challenging antenna matching having impact on the beam shapes, there is likely a variation in the beam gains resulting in an additional margin of 1 dB from the theoretical gain value for PC3 UEs.
However, PC2 UE designed for vehicular communication should have less constraints on antenna design (e.g., on the size of antenna panel and surrounding objects, etc.). PC2 has 8 antennas, so the beam gain difference between fine beam (using all 8 antenna elements) and rough beam (using 1 antenna element) should be 10log10(8)=9dB, which is the value present in the TS. Hence, we can assume that there was no margin added for PC2 on top.
Power class 1, 5, and 6 UEs design and constraints should be closer to PC2 than to PC3. We can assume less constrained antenna design not compromised due to space limitation like PC3 without additional margin. Considering that PC1, 5, 6 UEs possess 16 antenna elements, the gain difference om between fine and rough beams could be around 10log10(16)=12dB.
[bookmark: _Toc158634695][bookmark: _Toc159273528]Accurate evaluation of antenna gain difference and UE gain may require UE antenna module simulations. The beam gain evaluation can be based on the number of antenna elements used for fine and rough beams.
[bookmark: _Toc158634696][bookmark: _Toc158634697][bookmark: _Toc158634698][bookmark: _Toc159273529]RAN4 to use 12bB gain difference between fine and rough beams as a starting point for the values of Y and Z for PC 1, 5, and 6 UEs.

As it was already presented in the contribution [4], RRM tests should be run in multiple directions and the signal levels will be set based on the EIS spherical coverage levels. Therefore, Minimum SSB_RP for SSB based L1-RSRP (clause B.2.4.1) should be defined for the PC6 UEs.
To derive the values for the table B2.2.-2, the equations from Section B.2.1.3.1 and B.2.1.3.2 can be used:
	B.2.1.3.1	Minimum SSB_RP values for Rx Beam Peak angle of arrival
The following methodology to define the Minimum SSB_RP level for power class X (PC_X) and operating band Y (Band_Y) is used:
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 +∆MBP,n,


B.2.1.3.2	Minimum SSB_RP values for angle of arrival within Spherical coverage
The following methodology to define the Minimum SSB_RP level for power class X (PC_X) and operating band Y (Band_Y) is used:
For Intra-frequency: Minimum SSB_RP (PC_X, Band_Y) = -96.9 dBm/120kHz + EIS spherical coverage PC_X, Band_Y, 50MHz – EIS spherical coverage PC3, n260, 50MHz + Z PC_X – Z PC3 +∆MBS,n




For example, for Rx beam peak angle of arrival,
Min SSB_RP (PC6, n257) = -109.5+ Refsens(PC6, n257-50MHz) – Refsens(PC3, n260-50MHz) + Y6 – Y(PC3) = - 109.5+ (-92.6) – (-85.7) + Y6 – 7 = -109.5– 6.9– 7 + Z6 = - 123.4 + Y6.
and for angle of arrival within Spherical coverage
Min SSB_RP (PC6, n257) = -93.9+ EIS (PC6, n257-50MHz) – EIS (PC3, n260-50MHz) + Z6 – Z(PC3) = - 96.9 + (-82.6) – (-73.1) + Z6 – 7 = -93.9 – 9.5– 7 + Z6 = - 110.4 + Z6.

Table B.2.4.1-2: Conditions for SSB based L1-RSRP 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
	6
	1, 2, 3, 4, 5, 6
	

	Conditions
	Rx Beam Peak
	n257
	-125.3+Y1
	-110.8
	-109.1
	-124.8+Y4
	-120.4+Y5
	-123.4+ Y6
	(Value for SCSSSB = 120 kHz) +3dB
	≥-3

	
	
	n258
	-125.3+Y1
	-110.8
	-109.1
	-124.8+Y4
	-120.6+Y5
	-123.6+ Y6
	
	

	
	
	n259
	
	
	-105.5
	
	-117.5+Y5
	
	
	

	
	
	n260
	-122.3+Y1
	
	-106.5
	-122.8+Y4
	
	
	
	

	
	
	n261
	-125.3+Y1
	-110.8
	-109.1
	-124.8+Y4
	
	-123.4+ Y6
	
	

	
	
	n262
	-120.3+Y1
	-105.6
	-103.6
	-118.8+Y4
	
	
	
	

	
	Spherical coverage Note 1
	n257
	-117.3+Z1
	-99.8
	-98.2
	-115.8+Z4
	-112.4+Z5
	-110.5+Z6
	(Value for SCSSSB = 120 kHz) +3dB
	≥-3

	
	
	n258
	-117.3+Z1
	-99.8
	-98.2
	-115.8+Z4
	-112.6+Z5
	-110.5+Z6
	
	

	
	
	n259
	
	
	-92.7
	
	
	
	
	

	
	
	n260
	-114.3+Z1
	
	-93.9
	-110.8+Z4
	
	
	
	

	
	
	n261
	-117.3+Z1
	-99.8
	-98.2
	-115.8+Z4
	
	-110.5+Z6
	
	

	
	
	n262
	-112.3+Z1
	-93.7
	-90.5
	 -106.7+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].



[bookmark: _Toc158634699][bookmark: _Toc159273530]Add values of minimum SSB_RP for PC6 UEs as shown in the updated table B.2.4.1-2 above.

In general, the values in Table B.2.4.2-2: Conditions for CSI-RS based L1-RSRP measurements in FR2 can be derived in a similar way as in the Table B.2.4.1-2 above. However, the test cases defined for PC6 UE as based on SSB -based measurements. Hence, it seems there is no strong need to define the values in the table B.2.4.2-2.

[bookmark: _Toc158634700][bookmark: _Toc159273531]Currently, PC6 UE test cases in RAN4 are defined for SSB-based measurements.
[bookmark: _Toc158634701][bookmark: _Toc158634702][bookmark: _Toc159273532]RAN4 may not need to define Minimum CSI-RS_RP for SSB based L1-RSRP (clause B.2.4.2) because CSI-RS based measurements not used in the TC introduced for PC6 devices. RAN4 needs to confirm with RAN5 whether new PC6 configurations in clause B.2.4.2 are still needed.

Even though in the LS RAN5 is asking for the Minimum SSB_RP B.2.4 Conditions for NR L1-RSRP reporting. However, for PC6 devices, there are also TC defined not only for L1-RSRP measurements but also for L3-measurements, e.g., A.7.6.1.5 SA event triggered reporting test without gap under non-DRX for UE configured with highSpeedMeasFlagFR2-r17. Therefore, the Table B.2.2-2: Conditions for intra-frequency measurements in FR2 may still also need values of Minimum SSB_RP like L1-RSRP reporting.
[bookmark: _Toc158634703][bookmark: _Toc159273533]For PC6 devices, there is also a TC (A.7.6.1.5 SA event triggered reporting test without gap under non-DRX for UE configured with highSpeedMeasFlagFR2-r17) that is based on L3 measurements. However, measurement accuracy is not verified with this test.
[bookmark: _Toc158634704][bookmark: _Toc159273534]RAN4 to check further with RAN5 whether the values of Minimum SSB_RP in Table B.2.2-2: Conditions for intra-frequency measurements in FR2 also need to be defined for PC6 devices.

On UE gain variation
RAN5 is also requesting the definition of UE gain G values defined in clauses B.2.1.5 and B.2.1.6 of TS 38.133.
Firstly, we would like to note that B.2.1.6 defines Gain to PRS-RSRP measurement point for FR2. At least, requirements on positioning reference symbols (P-RS) were not explicitly considered for HST FR2 PC6 devices. Moreover, PC1 and PC5 being FWA devices may require requirements on PRS-RSRP measurements.
[bookmark: _Toc158634705][bookmark: _Toc159273535]RAN4 have not discussed PRS-RSRP measurement requirements for PC6 devices and PRS-RSRP may not be relevant for FWA PC1 and PC5 devices either.
[bookmark: _Toc158634706][bookmark: _Toc159273536]RAN4 to discuss whether UE gain to PRS-RSRP measurement point for FR2 (Gain “G”) needs to be defined for PC1, PC5, and PC6. Ask for further clarification from RAN5, if needed.

The following definitions for these parameters are present in TS 38.133, Clause B.2.1.5:
	[bookmark: _Hlk11241989]B.2.1.5	Gain to SS-RSRP and CSI-RSRP measurement point for FR2
B.2.1.5.1	Gain to SS-RSRP and CSI-RSRP measurement point for Rx Beam Peak angle of arrival
In clause 5.1.1 of TS 38.215 [4] SS-RSRP and CSI-RSRP is defined to be measured based on the combined signal from antenna elements corresponding to a given receiver branch. The reference point for requirement parameters from the UE perspective is the input of the UE antenna array. The gain “G” relates the combined signal from antenna elements corresponding to a given receiver branch to the reference point for requirement parameters.
The gain “G” affects absolute signal level values reported by the UE.
[image: ]
Figure B.2.1.5.1-1: Gain and Reference point for requirement parameters
The gain range for each power class is specified in Table B.2.1.5.1-1.
Table B.2.1.5.1-1: UE gain G, Rx beam peak direction
	
	UE Power class

	
	1
	2
	3
	4
	5
	7

	Minimum, dBi
	FFS
	FFS
	-10
	FFS
	FFS
	FFS

	Maximum, dBi
	FFS
	FFS
	+20
	FFS
	FFS
	FFS



Gain range in spherical coverage directions may be lower than in Rx beam peak direction, according to the difference between the EIS spherical coverage value specified in TS 38.101-2 [19] clause 7.3.4 and the Reference sensitivity level specified in TS 38.101-2 [19] clause 7.3.2.

B.2.1.5.2	Gain to SS-RSRP measurement point for different frequency
In any specific direction, the UE gain G may be different depending on frequencies. The gain “Ginter” affects relative signal level values reported by the UE when measuring between different frequencies and is specified in Table B.2.1.5.2-1 for each power class.
Table B.2.1.5.2-1: UE gain difference between inter-frequencies Ginter 
	
	UE Power class

	
	1
	2
	3
	4
	7

	Maximum difference, dB
	FFS
	FFS
	3
	FFS
	FFS



B.2.1.5.3	Alignment of Rough beam to Rx beam Peak
The definition of Rx Beam Peak in TS 38.101-2 [19] clause 7.3.2 is based on Throughput at Reference sensitivity power level, and assumes use of Fine beams. In many RRM scenarios the UE can use Rough beams, but the largest Rough beam gain direction may not be aligned to the Fine beam Peak direction.
When the Rx Beam Peak is selected and defined based on Fine Beams, the rough beam gain in that direction may be lower than the largest rough beam gain in another direction within Spherical Coverage. The term “D” is the maximum allowed rough beam gain reduction, and is specified in Table B.2.1.5.3-1 for each power class.
Table B.2.1.5.3-1: Rough Beam gain reduction “D” in Rx Beam Peak direction 
	
	UE Power class

	
	1
	2
	3
	4
	7

	Maximum gain reduction, dB
	FFS
	FFS
	5.5
	FFS
	FFS








Otherwise, the need for the gain to SS-RSRP measurement point for FR2 TS is justified in TR 38.903:
	[bookmark: _Toc36041510][bookmark: _Toc36548734][bookmark: _Toc43901209][bookmark: _Toc52371939][bookmark: _Toc58253396][bookmark: _Toc75371521][bookmark: _Toc83730687][bookmark: _Toc90489188][bookmark: _Toc100005254][bookmark: _Toc114990077][bookmark: _Toc146408411]A.2.6.2	Absolute RSRP
An example is provided here for a scenario where the UE reports SS-RSRP for a signal arriving from a direction within the UE spherical coverage, to illustrate variation from both UE spherical coverage and variation from UE gain “G”.
UE-measured SS-RSRPnom = Applied SSB_RP + UE Spherical coverage gain midpoint + UE gain G midpoint
where:
	Applied SSB_RP is specified in the test case, either directly as Es or derived from Noc and Es/Noc, and is in dBm per subcarrier
	UE Spherical coverage gain midpoint in dB is derived as (UE Refsens - UE Spherical coverage)/2
	UE gain G midpoint in dB is derived as (Min value of G + Max value of G)/2
As an example for a UE power class 3 in band n257, measuring SS_RSRP from a spherical coverage direction, UE-measured SS-RSRPnom = Applied SSB_RP -5.45dB +5.0dB. 
Figure A.2.1.2-1 shows the derivation of UE Spherical coverage gain midpoint. Variation about the midpoint is handled as a UE uncertainty. For signals arriving from Rx Beam Peak direction, this gain is 0dB and does not vary. 
Figure A.2.6.2-1 shows the derivation of UE gain G midpoint. Variation about the midpoint is handled as a UE uncertainty.
[image: ]
Figure A.2.6.2-1: Example modelling of UE Gain “G” variation

To calculate the range of valid SS-RSRP values that can be reported by the UE, contributions from Spherical coverage gain variation, UE gain variation and UE reporting accuracy are considered:
[image: ]
Figure A.2.6.2-2: modelling of contributions affecting SS-RSRP reported values

Reported SS-RSRP = UE measured SS-RSRPnom ±Spherical coverage gain variation ±UE gain variation ±UE accuracy
where:
	UE measured SS-RSRPnom is the nominal value derived from Applied SSB_RP, UE Spherical coverage gain midpoint and UE gain G midpoint
	Spherical coverage gain variation is derived from Refsens and Spherical coverage, as shown in Figure A.2.1.2-1 
	UE gain variation is derived from Minimum and maximum values of G, as shown in Figure A.2.6.2-1
	UE accuracy is the absolute accuracy from the core requirement referred to in A.2.6.1
As an example for a UE power class 3 in band n257, measuring SS_RSRP from a spherical coverage direction with applied Io > -70dBm, the variation would be (±5.45dB ±15dB ±8dB) = ±28.45dB 
These variations are added arithmetically in the test case analysis, as each could be systematic and not random. For signals arriving from Rx Beam Peak direction, spherical coverage gain variation is 0dB. 




Hence, we see a need a need to define UE gain G. However, there are two aspects to take into account:
1) RAN4 have not discussed the methodology for the definition of the gain for PC1, 5, and 6. 
2) The gain “Ginter” affects relative signal level values reported by the UE when measuring between different frequencies. At least, for power class 6 UEs, inter-frequency measurements are introduced only in Rel-18. Therefore, it 
3) Rough Beam gain reduction “D” is not defined as UE gain, therefore it is unclear whether RAN5 need this factor to be defined as well.

[bookmark: _Toc158634707][bookmark: _Toc158634708][bookmark: _Toc159273537]RAN4 should define the values of UE gain G in clause B.2.1.5.3-1 of TS 38.133 for PC1, 5, and 6. The method to define the values needs to be discussed further.

[bookmark: _Toc158634709][bookmark: _Toc159273538]RAN4 to check with RAN5 whether the values of Rough Beam gain reduction “D” needs to be defined in RAN4 in B.2.1.5.
[bookmark: _Toc158634710][bookmark: _Toc159273539]RAN4 to check with RAN5 whether UE gain difference between inter-frequencies Ginter needs to be defined in Rel-17 TSs.

RAN4 to send an LS reply to RAN5 based on the Draft provided in the Appendix to this discussion paper.




Draft LS reply to RAN5

3GPP TSG-RAN WG4 Meeting #110		R4-23xxxxx
Athens, Greece, February 19 – March 01, 2024

Title:	Reply LS on defining the missing relative angular offsets and UE gain-related parameters for different power classes
Response to:	R5-237837
Release:	Release 17
Work Item:	TEI17

Source:	TSG RAN WG4
To:	TSG RAN WG5
Cc:	 - 


Contact Person:
Name:	Dimitri Gold
E-mail Address:	dimitri.gold@nokia.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	-


1. Overall Description:
RAN5 has identified below RAN4 parameters that aren’t defined for power classes 1, 5, and 6 in TS 38.133 v18.3.0. Due to this, several test cases and work items cannot be completed in RAN5 TS 38.533. The missing list of parameters from TS 38.133 is as follows:
	
	Power Class 1
	Power class 5
	Power class 6

	Relative angular offsets between active probes (clause A.3.15.3)
	
	Missing
	Missing

	Gain difference Y (Table B.2.1.3.1-1)
	Missing
	Missing
	Missing

	Gain difference Z (Table B.2.1.3.2-1)
	Missing
	Missing
	Missing

	Minimum SSB_RP for SSB based L1-RSRP (clause B.2.4.1)
	
	
	Missing

	Minimum CSI-RS_RP for SSB based L1-RSRP (clause B.2.4.2)
	
	
	Missing

	UE Gain (clause B.2.1.5 and B.2.1.6)
	Missing
	Missing
	Missing



Therefore, RAN5 kindly asks RAN4 to define the missing configurations.

RAN4 has discussed the request from RAN5, and has defined some of the configurations defined by RAN5 in the agreed CR [xx] as follows:
· Relative angular offsets between active probes (clause A.3.15.3) for PC5, PC6
· Gain difference Y (Table B.2.1.3.1-1) for PC1, PC5, PC6
· Gain difference Z (Table B.2.1.3.2-1) for PC1, PC5, PC6
· Minimum SSB_RP for SSB based L1-RSRP (clause B.2.4.1) for PC6
· [bookmark: _Hlk158907727]The values UE Gain G (clause B.2.1.5, Table B.2.1.5.1-1 ) PC6 is listed as FFS

RAN4 would like to kindly ask RAN5 the following aspects and a need for the definition of the following configurations by answering the questions below:
The LS from RAN5 is referring to the Rel-18 version of TS 38.133, however, the parameters need to be introduced already at least from Rel-17.
Q1: Which 3GPP release in consider by RAN5 in their LS?

RAN4 is requesting the values of Minimum CSI-RS_RP for SSB based L1-RSRP (clause B.2.4.2), however the test cases for power class 6 devices are defined for SSB-based measurements only.
Q2: Could RAN5 kindly verify whether requested PC6 configurations in clause B.2.4.2 are needed?

For PC6 devices, there is also a TC (A.7.6.1.5 SA event triggered reporting test without gap under non-DRX for UE configured with highSpeedMeasFlagFR2-r17) that is based on L3 measurements.
Q3: Could RAN5 kindly verify whether the values of Minimum SSB_RP in Table B.2.2-2: Conditions for intra-frequency measurements in FR2 also need to be defined for PC6 devices?

There are not test cases for PRS-RSRP measurements for PC6 devices.
Q4: Could RAN5 kindly verify whether UE gain to PRS-RSRP measurement point for FR2 (Gain “G”) (Clause B.2.1.6) needs to be defined for PC1, PC5, and PC6?

Finally, RAN5 is asking to define only UE Gain in Section B.2.1.5. This section also defines UE gain difference between inter-frequencies Ginter and Rough Beam gain reduction D. For PC6 UE, the inter-frequency requirements are only defined in Rel-18.
Q5: Could RAN5 kindly verify whether UE gain difference between inter-frequencies Ginter and Rough Beam gain reduction D (Clause B.2.1.5) also needs to be defined for PC1, PC5, and PC6?

2. Actions:
To RAN2 group:
ACTION1: 	RAN4 respectfully asks RAN5 to ask the RAN4 questions Q1-Q5 above and to consider the definitions of the configurations introduced in the agreed CR [xxx].

3. Date of Next TSG-RAN WG4 Meeting:
RAN4#110-bis	from 15-04-2024	to 19-04-2024		Changsha, Hunan Province, CN
RAN4#111	from 20-05-2024	to 24-05-2024		Fukuoka City, Fukuoka, JP
[bookmark: _Toc116995848]

Conclusion
In this paper we have analysed the need and the possible values of test configurations requested by RAN5.

The following Observations and Proposals were made:
[bookmark: _Toc116995849]Proposal 1: RAN4 to clarify with RAN4 whether requested missing parameters need to be added from Rel-17 version of TS 38.133.
Observation 1: For PC6 UEs, UE spherical coverage evaluation areas are defined for the limited areas within the θ range from 90 to 60 degrees, and ϕ range from - 37.5 to + 37.5 (Area-1), and from 142.5to 217.5 degrees (Area-2).
Observation 2: In RAN5 TR 38.903, it is assumed that for directions outside the specified percentile of spherical coverage directions, there are no requirements.
Observation 3: 90 degrees offset between active probes cannot be used for PC6 devices because the angular offset cannot match the spherical coverage evaluation areas specified in TS 38.101-2.
Proposal 2: Exclude 90 degrees relative offset between active probes in Table A.3.15.3-1 for PC6 UEs.
Observation 4: The applicable angular offset between active probes in the test cases for PC6 UE depends on the propagation conditions test parameter for two AoAs/RRHs/cells, i.e., whether it is AWGN for AoA1, and AWGN with 19444 HZ or AWGN with 9722 Hz for AoA2.
Proposal 3: Clarify in the note to HST FR2 PC6 test case parameters in TS 38.133, which relative angular offset between active probes in Setup 3 according to clause A.3.15.3 are applicable.
Proposal 4: Defined relative angular offset between active probes for PC5 as for PC1, i.e., 30°, 60°, 90° and 120 degrees.
Observation 5: There are RRM tests that use rough beams but include checking of RSRP measurement accuracy, e.g., “A.7.6.3.5 SSB based L1-RSRP measurement when DRX are used for power class 6 in TS 38.133. UE configured with highSpeedMeasFlagFR2-r17”. The values of Gain difference between fine and rough beams for Rx beam peak direction (YdB) and Spherical coverage directions (ZdB) needs to be defined for test tolerance handling in RAN5.
Observation 6: Accurate evaluation of antenna gain difference and UE gain may require UE antenna module simulations. The beam gain evaluation can be based on the number of antenna elements used for fine and rough beams.
Proposal 5: RAN4 to use 12bB gain difference between fine and rough beams as a starting point for the values of Y and Z for PC 1, 5, and 6 UEs.

	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
	6
	1, 2, 3, 4, 5, 6
	

	Conditions
	Rx Beam Peak
	n257
	-125.3+Y1
	-110.8
	-109.1
	-124.8+Y4
	-120.4+Y5
	-123.4+ Y6
	(Value for SCSSSB = 120 kHz) +3dB
	≥-3

	
	
	n258
	-125.3+Y1
	-110.8
	-109.1
	-124.8+Y4
	-120.6+Y5
	-123.6+ Y6
	
	

	
	
	n259
	
	
	-105.5
	
	-117.5+Y5
	
	
	

	
	
	n260
	-122.3+Y1
	
	-106.5
	-122.8+Y4
	
	
	
	

	
	
	n261
	-125.3+Y1
	-110.8
	-109.1
	-124.8+Y4
	
	-123.4+ Y6
	
	

	
	
	n262
	-120.3+Y1
	-105.6
	-103.6
	-118.8+Y4
	
	
	
	

	
	Spherical coverage Note 1
	n257
	-117.3+Z1
	-99.8
	-98.2
	-115.8+Z4
	-112.4+Z5
	-110.5+Z6
	(Value for SCSSSB = 120 kHz) +3dB
	≥-3

	
	
	n258
	-117.3+Z1
	-99.8
	-98.2
	-115.8+Z4
	-112.6+Z5
	-110.5+Z6
	
	

	
	
	n259
	
	
	-92.7
	
	
	
	
	

	
	
	n260
	-114.3+Z1
	
	-93.9
	-110.8+Z4
	
	
	
	

	
	
	n261
	-117.3+Z1
	-99.8
	-98.2
	-115.8+Z4
	
	-110.5+Z6
	
	

	
	
	n262
	-112.3+Z1
	-93.7
	-90.5
	 -106.7+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 6: Add values of minimum SSB_RP for PC6 UEs as shown in the updated table B.2.4.1-2 above.
Observation 7: Currently, PC6 UE test cases in RAN4 are defined for SSB-based measurements.
Proposal 7: RAN4 may not need to define Minimum CSI-RS_RP for SSB based L1-RSRP (clause B.2.4.2) because CSI-RS based measurements not used in the TC introduced for PC6 devices. RAN4 needs to confirm with RAN5 whether new PC6 configurations in clause B.2.4.2 are still needed.
Observation 8: For PC6 devices, there is also a TC (A.7.6.1.5 SA event triggered reporting test without gap under non-DRX for UE configured with highSpeedMeasFlagFR2-r17) that is based on L3 measurements. However, measurement accuracy is not verified with this test.
Proposal 8: RAN4 to check further with RAN5 whether the values of Minimum SSB_RP in Table B.2.2-2: Conditions for intra-frequency measurements in FR2 also need to be defined for PC6 devices.
Observation 9: RAN4 have not discussed PRS-RSRP measurement requirements for PC6 devices and PRS-RSRP may not be relevant for FWA PC1 and PC5 devices either.
Proposal 9: RAN4 to discuss whether UE gain to PRS-RSRP measurement point for FR2 (Gain “G”) needs to be defined for PC1, PC5, and PC6. Ask for further clarification from RAN5, if needed.
Proposal 10: RAN4 should define the values of UE gain G in clause B.2.1.5.3-1 of TS 38.133 for PC1, 5, and 6. The method to define the values needs to be discussed further.
Proposal 11: RAN4 to check with RAN5 whether the values of Rough Beam gain reduction “D” needs to be defined in RAN4 in B.2.1.5.
Proposal 12: RAN4 to check with RAN5 whether UE gain difference between inter-frequencies Ginter needs to be defined in Rel-17 TSs.
Proposal 13: RAN4 to send an LS reply to RAN5 based on the Draft provided in the Appendix to this discussion paper.
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