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1.
Introduction

The FR2 SS-RSRP Accuracy Test cases currently in Annex A of TS 38.133 [1] are incomplete and are missing test coverage of some core requirements. 
This discussion document looks at the core requirements and test coverage, and proposes test case updates to give better test coverage.
2.
Core requirements to be tested
Taking SS-RSRP intra-frequency absolute accuracy as the starting point, the requirements are specified by two tables in TS 38.133 [1] (these extracts are from v16.0.0 and R4-1907982):
Table 10.1.3.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

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

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	
	

	([6]
	([9]
	≥-6
	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 clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.

Note 2:
Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.

Note 3:
In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.


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
	1, 2, 3, 4
	

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

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

	
	
	n260
	-125.3+Y1
	
	-109.5
	-125.8+Y4
	
	

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

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

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

	
	
	n260
	-117.3+Z1
	
	-96.9
	-113.8+Z4
	
	

	
	
	n261
	-120.3+Z1
	-102.8
	-101.2
	-118.8+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 ΣMBP and Spherical coverage values are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1 of TS 38.101-2 [19].


The main requirements to be tested can be summarised as:

· Absolute reporting accuracy (value depending on conditions) 
· Minimum SSB Ês/Iot
· Maximum Io (value depending on conditions)
· Minimum SSB_RP
· Angle of Arrival (Rx Beam peak or Spherical coverage)    
.. and the related requirements for Relative accuracy and for Inter-frequency add:

· Relative reporting accuracy between 2 levels on the same cell

· Relative reporting accuracy between 2 cells on the same frequency
· Relative reporting accuracy between 2 cells on different frequencies

· Maximum SSB_RP difference between 2 cells on different frequencies
· Maximum Io difference between 2 different frequencies
3.
Test parameter constraints
The parameter range in an RRM test case is constrained by core requirements and practical test systems.
· Observation 1: There is limited dB range between the Minimum SSB_RP and the maximum Io, which is reduced further by
· The UE multi-band relaxation factor ΣMBP or ΣMBS
· Using an Angle of Arrival from Spherical coverage directions
· Using more than one cell on the same frequency, as both contribute to Io
· Using both applied signal and applied noise, each of which contributes to Io

· Using the full channel bandwidth
· Observation 2: In practical test systems, absolute downlink level uncertainty also decreases the available dB range as the test case must not go outside the core requirement conditions
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Figure 3-1: Constraints affecting parameter range in RRM test cases
In Figure 3-1, it can be seen that the settable range depends most strongly on whether the angle of arrival is from Rx beam peak direction (setup 1 in TS 38.133) or from a spherical coverage direction (setups 2a, 2b and 3 in TS 38.133). Next, it depends on the number of allocated RBs.
For a scenario with spherical coverage direction and 66 allocated RBs (full allocation for 100MHz Channel bandwidth and 120kHz SCS) the settable range is very narrow at 1.9dB, even assuming one cell per channel with Es only (no added noise). If Rx beam peak direction is chosen with 24 allocated RBs, the settable range widens to 18.9dB, again assuming one cell per channel with no added noise.
Note that the values used here are chosen as worst case (Inter-frequency, UE Power Class 3, n260, 2dB allowance for ΣMBP or ΣMBS) so that the test case can be run on all UEs and bands currently within scope. However, the diagram assumes one cell per channel with Es only (no added noise), which is “best case” in terms of settable range. Test cases can include Noc (added noise) and use 2 cells on the same frequency.
4.
Achieving test coverage
Taking into account the test parameter constraints, it is clear that not all of the requirements can be tested under all conditions – for example, Relative reporting accuracy between 2 levels on the same cell could not be usefully tested in spherical coverage direction, because there would only be a small dB range.

Table 4-1 lists each requirement, and assesses whether it could be usefully tested. 

	Requirement
	Rx Beam peak AoA
	Spherical coverage AoA

	
	1 cell
	2 cells
	1 cell
	2 cells

	
	
	Intra-f
	Inter-f
	
	Intra-f
	Inter-f

	Absolute reporting accuracy
	Y
	Y
	-
	Y
	-
	Y

	Minimum SSB Ês/Iot
	Y
	Y
	-
	Y
	-
	Y

	Maximum Io
	Y
	Y
	-
	Y
	-
	Y

	Minimum SSB_RP
	Y
	-
	-
	Y
	-
	Y

	Relative reporting accuracy, 2 levels on the same cell
	Y
	-
	-
	-
	-
	-

	Relative reporting accuracy, 2 cells, same frequency
	-
	Y
	-
	-
	-
	-

	Relative reporting accuracy, 2 cells, different frequencies
	-
	-
	-
	-
	-
	Y

	Max SSB_RP difference, 2 cells on different frequencies
	-
	-
	-
	-
	-
	Y Note 1

	Maximum Io difference, 2 different frequencies
	-
	-
	-
	-
	-
	Y Note 1

	Note 1: To obtain enough SSB_RP difference or Io difference, one of the cells comes from the Rx Beam peak direction. 


Table 4-1: Feasibility of testing each requirement 
In making the assessment, two further practical constraints were taken into account.

Firstly, for Rx Beam peak AoA, it would be difficult to implement a test system with two inter-frequency carriers (which might be inter-band) coming from the same direction. The two downlink carriers would need to be combined before the probe antenna, which would introduce additional loss into the already tight link budget. This option has therefore been greyed out in Table 4-1.

Secondly, for Spherical coverage AoA, it would be difficult to implement a test case with two intra-frequency carriers, because even at the minimum SSB_RP level the combined power Io in the Channel BW would be 3dB higher, giving no settable range with 66RBs, and only a very small settable range with 24RBs. This option has therefore been greyed out in Table 4-1.

4.1 Test points - Rx Beam Peak direction, Intra frequency 
To achieve test coverage of the parameters in Table 4-1, a time period approach for the test case can be used, as proposed in Ericsson R4-1909561 [2]. Although this CR for TS 38.133 was updated to R4-1910165 [3] agreed at RAN4#92, the updated CR reduced the test coverage envisaged in R4-1909561 [2]. For the parameters now proposed in R4-1912300 [4], we aim to provide full test coverage as below: 
· Time period T1: 1 cell, Max Io, Max SSB_RP, Min Es/Iot 
· Use 1 cell and 24RBs and Rx Beam peak direction to maximise the SS-RSRP range when measuring Relative reporting accuracy, 2 levels on the same cell  
· Set Io as close as possible to the maximum value
· Use Noc and Es, so the high SS-RSRP value during T1 and the low SS-RSRP value during T2 have the same UE baseband Es/Iot, set as close as possible to the minimum value 
· Time period T2: 1 cell, Min Io, Min SSB_RP, Min Es/Iot
· Use 1 cell and Rx Beam peak direction to maximise the SS-RSRP range when measuring Relative reporting accuracy, 2 levels on the same cell  
· Set SSB_RP as close as possible to the minimum value
· Use Es only, so the SSB_RP value gives UE baseband Es/Iot at the minimum value 

· Time period T3: 2 cells, Max Io, Max SSB_RP difference between the two cells 
· Use 2 cells and maximise the SS-RSRP difference when measuring Relative reporting accuracy, 2 cells, same frequency  
· Set Cell 1 SSB_RP as high as possible, while keeping Cell 2 Es/Iot at minimum value

· Set Io as close as possible to the maximum value
· Use Noc and Es, to give controlled Es/Iot 

· Time period T4: 2 cells, Min Io, Min SSB_RP, Min Es/Iot 

· Use 2 cells and minimise the SS-RSRP difference when measuring Relative reporting accuracy, 2 cells, same frequency  
· Set Cell 1 and Cell 2 SSB_RP as low as possible, while keeping Es/Iot at minimum value

· Set Io as close as possible to the minimum value
· Use Es only, so the SSB_RP value gives UE baseband Es/Iot at the minimum value 

The resulting test coverage in shown with turquoise highlight in Table 4-1. The proposal has also been checked to ensure that the test case can be implemented in RAN5 with realistic Test system uncertainties.  

4.2 Test points – Spherical coverage directions, inter-frequency 
To achieve test coverage of the parameters in Table 4-1, a number of subtests are required. If both cells came from Spherical coverage directions, it would not be possible to obtain enough SSB_RP difference or Io difference to test the inter-frequency side conditions, so one of the cells comes from the Rx Beam peak direction.
For inter-frequency, there is no need to test with only one cell. For the parameters now proposed in R4-1912303 [5], we aim to provide full test coverage as below:

· Subtest 1: 2 cells, Max Io 

· Use 2 cells, one on each frequency, at the same level and with mid-range Es/Noc   
· Set Io as close as possible to the maximum value on each frequency 
· Use Noc and Es to give defined UE baseband Es/Iot
· Subtest 2: 2 cells, Max Io difference between frequencies, Max SSB_RP difference between cells 

· Use 2 cells and maximise the SS-RSRP difference when measuring Relative reporting accuracy  
· Set Cell 1 SSB_RP to give Max Io difference between frequencies, and largest possible SSB_RP difference between cells, while keeping Cell 2 Es/Iot at minimum value
· Use Noc and Es, to allow Max SSB_RP difference between cells to be larger than Max Io difference between frequencies, following the core requirements  

· Subtest 3: 2 cells, Min Io, Min SSB_RP, Min Es/Iot 

· Set Cell 2 SSB_RP as low as possible, and keeping Es/Iot at minimum value  
· Set Cell 1 SSB_RP as low as possible, and keeping Es/Iot at minimum value
· Use Es only, so the SSB_RP values give UE baseband Es/Iot at the minimum value 

The resulting test coverage in shown with green highlight in Table 4-1. The proposal has also been checked to ensure that the test case can be implemented in RAN5 with realistic Test system uncertainties.  

Historically, we note that in R4-1907233 [6], Intra-frequency RSRP accuracy test case for FR2 was agreed to be Setup#1 (1 AoA, Rx Beam peak) and that Inter-frequency RSRP accuracy test case for FR2 was agreed to be Setup#2B (Single AoA in non Rx beam peak direction with change in direction). However, the RAN4#91 meeting report [7] records these the other way round.
5.
Way Forward

CRs are provided in R4-1912300 [4] and R4-1912303 [5] with update proposals for the standalone test cases A.7.7.1.1 FR2 Intra-frequency and A.7.7.1.2 FR2 Inter-frequency. A CR introducing a test setup with one AoA from Rx Beam peak, and the other from Spherical coverage directions, is provided in R4-1912305 [8]. 
If the principles of these updates are agreed, a 38.133 CR will also be needed to introduce Reference channels so that a maximum of 24 RB are allocated.
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