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1.
Introduction

In the current version of TS 38.133 [1] the side Conditions for FR2 RRM UE measurements are undefined. Previous contributions R4-1810550 [2] and R4-1812441 [3] made proposals and companies provided views, but were not agreed. Agreement of side conditions for RSRP, RSRQ and SINR measurements is essential for both UE core requirements and designing RRM test cases.
This Tdoc takes into account previous proposals and company views so far, and makes an updated proposal. 
2.
Side conditions in TS 38.133 Annex B
2.1 Rationale and discussion to date 
R4-1812441 [3] proposed the following for TS 38.133 Table B.2.2-2:
Table B.2.2-2: Conditions for intra-frequency measurements in FR2

	Parameter
	NR operating band groups Note1
	Minimum SSB_RP
	SSB Ês/Iot

	
	
	dBm / SCSSSB
	dB

	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	

	Conditions
	NR_TDD_FR2_A (n257, n258, n261)
	-1102
	-1072
	-6dB

	
	NR_TDD_FR2_B (n260)
	-1072 
	-1042
	

	
	NR_TDD_FR2_F
	TBD
	TBD
	

	
	NR_TDD_FR2_G
	TBD
	TBD
	

	
	NR_TDD_FR2_T
	TBD
	TBD
	

	
	NR_TDD_FR2_Y
	TBD
	TBD
	

	NOTE 1:
NR operating band groups are defined in Section 3.5.3.

NOTE 2:   Value corresponding to EIS spherical coverage as defined in 38.101-2, side condition applies in the directions in which EIS spherical coverage requirement is met


There was some discussion at RAN4#88bis about the need for an Es/Iot (SNR) requirement, but later discussion at RAN4#89 on R4-1814949 [4] which proposed to omit Es/Iot in B.2.2-1, gave a clear majority of company responses in favour of specifying Es/Iot. This was recorded in the adhoc minutes R4-1816118 [5].
In Anritsu’s view, the Minimum SSB_RP and the SSB Ês/Iot are analogous to Refsens and SNR for demodulation, where Minimum SSB_RP or Refsens specify the performance with no applied noise, and SSB Ês/Iot or SNR specify the performance where the applied noise is >> the UE internal noise. We therefore think that specifying both Minimum SSB_RP and SSB Ês/Iot in Table B.2.2-1 is useful and correct, provided the notes clearly define how the parameters apply.
It is also proposed in R4-1814949 [4] to base the Minimum SSB_RP side condition values on the %-ile EIS spherical coverage, which is now specified in clause 7.3.4 of TS 38.101-2 [6]. We agree that side condition values based on the %-ile EIS spherical coverage are necessary, as the signal will not always arrive from the Rx beam peak direction. For 2 AoA scenarios however, both in the field and in test cases, one of the beams can come from the Rx beam peak direction, where side conditions should be based on Refsens.

Anritsu therefore believes that the side conditions need to be specified for both Rx beam peak direction and spherical coverage directions. If this is not done, RRM test cases based on real scenarios become impossible to define, as side condition values based only on the %-ile EIS spherical coverage would restrict the level range of signal levels too much.

For both Refsens-based values and spherical coverage-based values, there is a power class dependency in addition to the existing operating band dependency.
Finally, we note that the derivation of SSB_RP side condition values in R4-1812441 [3] and R4-1814949 [4] was based on internal UE parameters such as noise figure, antenna gain and implementation loss which are not specified in TS 38.101-2 and are not available for all power classes. However the SSB_RP side condition values can be derived directly from Refsens and from EIS spherical coverage, which is now specified in TS 38.101-2 for all power classes and operating bands.
2.2 Method to derive Minimum SSB_RP side condition values
A method has been agreed to derive Noc values for demodulation in clause 4.5.3.3 of TS 38.101-4 [7], and has the benefit of traceability to core requirements. The method proposed here follows the same principle. The minimum UE input signal is set at a defined value relative to the UE internal noise, so that a minimum SINR (Ês/Iot) is achieved at UE baseband. The key points are:

· UE internal noise at the Reference point is derived from Refsens or EIS spherical coverage, depending on angle of arrival 

· The side conditions apply in Rx Beam peak direction, or over the specified spherical coverage percentile of the UE, depending on angle of arrival
· The UE internal noise is Band and Power class dependent
· Minimum SSB_RP is specified under a “no applied noise” condition
· The minimum SSB_RP is that which gives the specified minimum SSB Ês/Iot
The benefits of this method are that side conditions are applied consistently and fairly to all UE types and operating bands, that future work on UE types and operating bands can be consistently and easily applied, and that the available dynamic range of the test system is maximised for all cases.

The description of the method is written in a form that could be copied into TS 38.133.

B.2.2.x
Derivation of Minimum SSB_RP values for FR2
B.2.2.x.1
Minimum SSB_RP values for Rx Beam Peak angle of arrival
Minimum SSB_RP values in Table B.2.2-2 are based on Reference sensitivity for the Operating band and for the UE Power class, and taking a baseline of UE Power class 3 in Band n260 with 50MHz channel bandwidth.


Minimum SSB_RP = Reference sensitivity PC3, n260, 50MHz -10Log10(PRBRefsens x 12) – SNRRefsens + SSB Ês/Iot
where:

EIS Reference sensitivity PC3, n260, 50MHz is the Reference sensitivity value in dBm specified for Power Class 3 in Band n260 for 50MHz Channel bandwidth in TS 38.101-2 [TBD, Table 7.3.2.3-1].

PRBRefsens is NRB associated with subcarrier spacing 120 kHz for 50MHz in TS 38.101-2 [TBD, Table 5.3.2-1] and is 32.

12 is the number of subcarriers in a PRB.
SNRRefsens is the SNR used for simulation of Refsens and EIS spherical coverage, and is -1dB.
SSB Ês/Iot is the minimum value required by the UE to perform measurements, and is -6dB. The only contribution to Iot is the UE internal noise. 
The calculated Minimum SSB_RP value for the baseline of UE Power class 3 in Band n260 is -116.5 dBm/120kHz.

The following methodology to define the Minimum SSB_RP level for power class X (PC_X) and operating band Y (Band_Y) is used:


Minimum SSB_RP (PC_X, Band_Y) = -116.5 dBm/120kHz + Refsens PC_X, Band_Y, 50MHz – Refsens PC3, n260, 50MHz
B.2.2.x.2
Minimum SSB_RP values for angle of arrival within Spherical coverage
Minimum SSB_RP values in Table B.2.2-2 are based on EIS Spherical coverage for the Operating band and for the UE Power class, and taking a baseline of UE Power class 3 in Band n260 with 50MHz channel bandwidth.


Minimum SSB_RP = EIS spherical coverage PC3, n260, 50MHz -10Log10(PRBRefsens x 12) – SNRRefsens + SSB Ês/Iot
where:

EIS spherical coverage PC3, n260, 50MHz is the EIS spherical coverage value in dBm specified for Power Class 3 in Band n260 for 50MHz Channel bandwidth in TS 38.101-2 [TBD, Table 7.3.4.3-1].

PRBRefsens is NRB associated with subcarrier spacing 120 kHz for 50MHz in TS 38.101-2 [TBD, Table 5.3.2-1] and is 32.

12 is the number of subcarriers in a PRB.
SNRRefsens is the SNR used for simulation of Refsens and EIS spherical coverage, and is -1dB.
SSB Ês/Iot is the minimum value required by the UE to perform measurements, and is -6dB. The only contribution to Iot is the UE internal noise. 
The calculated Minimum SSB_RP value for the baseline of UE Power class 3 in Band n260 is -103.9 dBm/120kHz.

The following methodology to define the Minimum SSB_RP level for power class X (PC_X) and operating band Y (Band_Y) is used:


Minimum SSB_RP (PC_X, Band_Y) = -103.9 dBm/120kHz + EIS spherical coverage PC_X, Band_Y, 50MHz – EIS spherical coverage PC3, n260, 50MHz
2.3 Operating Band and Power class dependency  
In TS 38.133, Table 3.5.3-1 groups NR frequency bands in FR2:

3.5.3
NR operating bands in FR2

NR frequency bands grouping for FR2 is specified in Table 3.5.3-1.
Table 3.5.3-1: NR frequency band groups for FR2

	Group
	Band group notation
	Operating bands

	A
	NR_TDD_FR2_A
	n2571, n2581, n2611

	B
	NR_TDD_FR2_B
	n2574, n2584, n2614

	C
	NR_TDD_FR2_C
	

	D
	NR_TDD_FR2_D
	

	E
	NR_TDD_FR2_E
	

	F
	NR_TDD_FR2_F
	n2604

	G
	NR_TDD_FR2_G
	n2572, n2582, n2601, n2612

	H
	NR_TDD_FR2_H
	

	..
	<< Empty rows skipped >>
	..

	S
	NR_TDD_FR2_S
	

	T
	NR_TDD_FR2_T
	n2573, n2583, n2613

	U
	NR_TDD_FR2_U
	

	V
	NR_TDD_FR2_V
	

	W
	NR_TDD_FR2_W
	

	X
	NR_TDD_FR2_X
	

	Y
	NR_TDD_FR2_Y
	n2603

	NOTE 1:
UE power class 1.

NOTE 2:
UE power class 2.

NOTE 3:
UE power class 3.

NOTE 4:
UE power class 4.


The NR frequency bands grouping is derived from UE Refsens, but we can see that a band appears in different groups depending on the power class - for example n257 is in Group A for Power class 1, but in Group T for Power class 3. When we consider EIS spherical coverage, the same frequency band grouping cannot be applied, because the dB difference between Refsens and spherical coverage, called “X” in the table below, is not a constant value as identified in our companion contribution R4-1900080 [8]:

	Operating band
	Value “X” in dB, for each UE Power class

	
	1
	2
	3
	4

	n257
	8.0
	11.0
	10.9
	9.0

	n258
	8.0
	11.0
	10.9
	9.0

	n260
	8.0
	
	12.6
	12.0

	n261
	8.0
	11.0
	10.9
	9.0

	%-ile CCDF
	85%
	60%
	50%
	20%


Unfortunately this means that the TS 38.133 side condition requirement table B.2.2-2 cannot use the Band grouping in Table 3.5.3-1, and would need to use a matrix listing both band and power class. As the value “X” is itself band class and power class dependent, the cleanest way is to have different rows in the table for Rx beam peak angle of arrival and for spherical coverage angles of arrival.
2.4 Proposal for TS 38.133 Table B.2.2-2  
Anritsu proposes Table B.2.2-2 as below:
Table B.2.2-2: Conditions for intra-frequency measurements in FR2

	Parameter
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2
	SSB Ês/Iot

	
	
	
	dBm / SCSSSB
	dB

	
	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	

	
	
	
	UE Power class
	UE Power class
	

	
	
	
	1
	2
	3
	4
	1, 2, 3, 4
	

	Conditions
	Rx Beam Peak
	n257
	-128.3
	-125.3
	-119.1
	-127.8
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-6

	
	
	n258
	-128.3
	-125.3
	-119.1
	-127.8 
	
	

	
	
	n260
	-125.3
	
	-116.5
	-125.8
	
	

	
	
	n261
	-128.3
	-125.3
	-119.1
	-127.8
	
	

	
	Spherical coverage Note 1
	n257
	-120.3
	-114.3
	-108.2
	-118.8
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-6

	
	
	n258
	-120.3
	-114.3
	-108.2
	-118.8 
	
	

	
	
	n260
	-117.3
	
	-103.9
	-113.8
	
	

	
	
	n261
	-120.3
	-114.3
	-108.2
	-118.8
	
	

	Note 1:
Values based on EIS spherical coverage as defined in TS 38.101-2 [TBD] clause 7.3.4. 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.


Table B.2.3-2: Conditions for inter-frequency measurements in FR2 can adopt a similar approach:
Table B.2.3-2: Conditions for inter-frequency measurements in FR2

	Parameter
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2
	SSB Ês/Iot

	
	
	
	dBm / SCSSSB
	dB

	
	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	

	
	
	
	UE Power class
	UE Power class
	

	
	
	
	1
	2
	3
	4
	1, 2, 3, 4
	

	Conditions
	Rx Beam Peak
	n257
	-126.3
	-123.3
	-117.1
	-125.8
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-4

	
	
	n258
	-126.3
	-123.3
	-117.1
	-125.8 
	
	

	
	
	n260
	-123.3
	
	-114.5
	-123.8
	
	

	
	
	n261
	-126.3
	-123.3
	-117.1
	-125.8
	
	

	
	Spherical coverage Note 1
	n257
	-118.3
	-112.3
	-106.2
	-116.8
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-4

	
	
	n258
	-118.3
	-112.3
	-106.2
	-116.8 
	
	

	
	
	n260
	-115.3
	
	-101.9
	-111.8
	
	

	
	
	n261
	-118.3
	-112.3
	-106.2
	-116.8
	
	

	Note 1:
Values based on EIS spherical coverage as defined in TS 38.101-2 [TBD] clause 7.3.4. 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.


3.
Side conditions in TS 38.133 clause 10
3.1 Rationale and discussion to date 
R4-1812441 [3] proposed the following for TS 38.133 Table 10.1.3.1.1-1, which specifies SS RSRP Intra frequency absolute accuracy:

· Minimum Io in dBm/SCS same value as Minimum SSB_RP
· Remove Ês/Iot side condition from this table
In Anritsu’s view, these proposals are reasonable if the proposal for Table B.2.2-2 in section 2.4 above is agreed. For the scenario with SSB_RP and no applied noise, the Io is determined only by the applied signal. The conditions statement at the start of clause 10.1.3.1.1 already refers to B.2.2, so there is no need to specify an Ês/Iot side condition in both tables.
3.2 Proposal for TS 38.133 Table 10.1.3.1.1-1  
Anritsu proposes Table 10.1.3.1.1-1 as below, which refers back to B.2.2-2:

Table 10.1.3.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Io Note 2 range

	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel
	dBm/BWChannel

	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	
	

	([6]
	([9]
	Same value as SSB_RP in Table B.2.2-2, according to UE Power class, operating band and angle of arrival
	N/A
	-70

	([8]
	([11]
	N/A
	-70
	-50

	Note 1:
Values based on Refsens and EIS spherical coverage as defined in TS 38.101-2 [TBD] clauses 7.3.2 and 7.3.4. Applicable side condition selected depending on angle of arrival.
Note 2:
Io is assumed to have constant EPRE across the bandwidth.


The following tables can adopt a similar approach:

· 10.1.3.1.2-1: SS-RSRP Intra frequency relative accuracy in FR2

· 10.1.5.1.1-1: SS-RSRP Inter frequency absolute accuracy in FR2
· 10.1.5.1.2-1: SS-RSRP Inter frequency relative accuracy in FR2
It is also likely that tables for RSRQ and SINR can adopt a similar approach.

4.
Way Forward

Based on the reasoning in sections 2 and 3, RAN4 is asked to endorse the following proposals for FR2 RRM side conditions:
· Proposal 1: Minimum SSB_RP and Minimum Io are derived from Refsens and spherical coverage
· Proposal 2: The applicable dBm / SCSSSB side condition is selected depending on angle of arrival
· Proposal 3: Minimum SSB_RP and Minimum Io are Power class and operating band dependent
· Proposal 4: RRM measurement side conditions are specified assuming fine beams
· Proposal 5: Minimum SSB_RP is specified under a “no applied noise” condition
Proposal 4 may need to be modified, if RAN4 decides to specify measurement side conditions or RRM test cases for rough beams.
If the proposals are agreed, Anritsu recommends:

· The derivation of Minimum SSB_RP values for FR2 is added to TS 38.133 Annex B
· TS 38.133 Tables B.2.2-2 and B.2.3-2 are updated as in section 2.4

· TS 38.133 Tables 10.1.3.1.1-1 and similar are updated as in section 3.2

· A diagram showing the FR2 Reference point (copied from TS 38.101-4) is included in TS 38.133

· FR2 RRM Test cases in TS 38.133 are reviewed and updated where necessary
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Annex A:
Extract from TS 38.101-4 defining FR2 Reference Point
4.5.1
Radiated requirement reference point
The reference point for SNR and Noc of DL signal from the UE perspective is the input of UE antenna array.
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Figure 4.5.1-1: Reference point for radiated Demodulation and CSI requirements
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