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1.
Introduction

In TS 38.133 [1] Annex A and the corresponding RAN5 Test specification TS 38.533 [2] FR1 test cases are performed using a conducted method, whereas FR2 test cases are performed using a radiated method.
For FR1 the Test Tolerance analysis method was derived from that used for LTE, with improvements to handle different configurations, to visibly state the requirements, and to automatically display violations of requirements using conditional formatting. These improvements will also be carried forward to FR2.
For FR2 there are a number of significant additional features which affect the Test Tolerance analysis:

· The applied downlink signal is radiated, and has a much larger absolute uncertainty than conducted
· The Angle of Arrival with respect to the UE can be Rx beam peak, or Spherical coverage directions
· The UE may use fine beams or rough beams
· Due to the high pathloss, the UE internal noise significantly affects the SNR seen at UE baseband
· Requirements and side conditions, including spatially-related, vary according to UE Power class
There are also other new features, such as the measured uplink signal being radiated, which affects RRM test cases such as PRACH. Uplink signals are not however within the scope of this Tdoc.  

This Tdoc gives some background to the new FR2 downlink features, and the current status of their incorporation into FR2 TT analysis templates. The early draft included in this contribution is a work in progress, and not ready to be used for Test case analyses.   
2.
Radiated downlink signal
For radiated testing, the absolute downlink signal level uncertainty is significantly larger than for conducted testing. For example, in TS 38.521-1 [3] for FR1 conducted test:
Table F.1.3-1: Maximum Test System Uncertainty for receiver tests

	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	7.3.2 Reference sensitivity power level
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz

±1.5 dB, 4.2GHz < f ≤ 6GHz
	


..and in TS 38.521-2 [4] for FR2 radiated test:
Table F.1.3-1: Maximum Test System Uncertainty (MTSU) for receiver tests

	Sub clause
	Maximum Test System Uncertainty
	Derivation of MTSU

	7.3.2 Reference sensitivity power level
	±5.19  dB (Quiet Zone size ≤ 30 cm, FR2a, FR2b)
	MTSU = 1.00 x MU (from Table B.19-2-2, B.19-2-3 in TR 38.903)


In TT analyses, the absolute downlink signal level uncertainty is large, whereas the relative uncertainties are usually smaller values similar to FR1. The method of calculating sensitivity factors and combining uncertainties in FR2, and use of the uncertainties after applying offsets, needs to be re-evaluated.

For RRM radiated testing, the absolute downlink signal level uncertainty for multi-AoA test systems is likely to be larger than for single AoA systems, and a value of +/-6dB has been used in the early draft TT analysis.
3.
Angles of Arrival
3.1: Requirements
In FR2, the performance of the UE is characterised by two parameters:
· Refsens: lowest signal level for a given demodulation performance in the UE Rx beam peak direction
· EIS spherical coverage: lowest signal level for a given demodulation performance in a specified percentile of other directions
Note that for directions outside the specified percentile of other directions (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:
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Figure 3-1: Fine beams, Beam-peak and spherical coverage directions
The actual performance values are specified in TS 38.101-2 [5] clauses 7.3.2 and 7.3.4, taking here Power class 3 as an example: 
7.3.2.3
Reference sensitivity power level for power class 3
The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annex A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal) with peak reference sensitivity specified in Table 7.3.2.3-1. The requirement is verified with the test metric of EIS (Link=Beam peak search grids, Meas=Link Angle). 

For the UEs that support multiple FR2 bands, the minimum requirement for Reference sensitivity in Table 7.3.2.3-1 shall be increased per band, respectively, by the reference sensitivity relaxation parameter ∆MBP,n as specified in section 6.2.1.3.  The requirement for the UE which supports a single FR2 band is specified in Table 7.3.2.3-1. The requirement for the UE which supports multiple FR2 bands is specified in both Table 7.3.2.3-1 and Table 6.2.1.3-4.

Table 7.3.2.3-1: Reference sensitivity

	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-88.3
	-85.3
	-82.3
	-79.3

	n258
	-88.3
	-85.3
	-82.3
	-79.3

	n260
	-85.7
	-82.7
	-79.7
	-76.7

	n261
	-88.3
	-85.3
	-82.3
	-79.3

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.4


<< Text skipped >>
7.3.4.3
EIS spherical coverage for power class 3

The reference measurement channels and throughput criterion shall be as specified in section 7.3.2.3

The maximum EIS at the 50th percentile of the CCDF of EIS measured over the full sphere around the UE is defined as the spherical coverage requirement and is found in Table 7.3.4.3-1 below. The requirement is verified with the test metric of EIS (Link=Beam peak search grids, Meas=Link angle).

For the UEs that support multiple FR2 bands, the minimum requirement for EIS spherical coverage in Table 7.3.4.3-1 shall be increased per band, respectively, by the EIS spherical coveragerelaxation parameter ∆MBS,n as specified in section 6.2.1.3.  The requirement for the UE which supports a single FR2 band is specified in Table 7.3.4.3-1. The requirement for the UE which supports multiple FR2 bands is specified in both Table 7.3.4.3-1 and Table 6.2.1.3-4.

Table 7.3.4.3-1: EIS spherical coverage for power class 3

	Operating band
	EIS at 50th %-tile CCDF (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-77.4
	-74.4
	-71.4
	-68.4

	n258
	-77.4
	-74.4
	-71.4
	-68.4

	n260
	-73.1
	-70.1
	-67.1
	-64.1

	n261
	-77.4
	-74.4
	-71.4
	-68.4

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.4

NOTE 2:
The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.


3.2: Handling in RRM test case analyses
The extract from the attached early draft TT analysis for 38.533 7.7.1.2, tab “7.7.1.2-1 S1 PC3 Noc+Es” shows that the angle of arrival is included in the TT analysis, and the UE Refsens and spherical coverage requirements are also included. These values are used to calculate the UE internal noise, which has to be considered when calculating UE baseband Es/Iot (SNR).
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4.
Fine beams and rough beams
4.1: Relevant requirements
Some UE requirements, such as Refsens in TS 38.101-2 [5], 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. This is captured in TS 38.133 [1], where clause B.2.1.3 which covers Rx beam peak direction:
B.2.1.3
Derivation of Minimum SSB_RP values for FR2
B.2.1.3.1
Minimum SSB_RP values for Rx Beam Peak angle of arrival

Minimum SSB_RP values in Tables B.2.2-2 and B.2.3-2 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 50 MHz channel bandwidth.


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



Reference sensitivity PC3, n260, 50MHz is the reference sensitivity value in dBm specified for Power Class 3 in Band n260 for 50 MHz Channel bandwidth in Table 7.3.2.3-1 of TS 38.101-2 [19].


Y is the gain difference between fine and rough beams, and is defined in Table B.2.1.3.1-1.

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

	FFS
	9.0
	7.0
	FFS


It can be seen that the gain difference Y is power class dependent, but not operating band dependent. Figure 4-1 shows an illustration for Power class 3.
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Figure 4-1: Fine and rough beams, Rx beam peak direction
In Spherical coverage directions, a separate set of values is specified in clause B.2.1.3.2: 

B.2.1.3.2
Minimum SSB_RP values for angle of arrival within Spherical coverage

Minimum SSB_RP values in Tables B.2.2-2 and B.2.3-2 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 50 MHz channel bandwidth.


Minimum SSB_RP = EIS spherical coverage PC3, n260, 50MHz +Z -10Log10(PRBRefsens x 12) – SNRRefsens + SSB Ês/Iot + ΣMBS
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 [19] Table 7.3.4.3-1.


Z is the gain difference between fine and rough beams, and is defined in Table B.2.1.3.2-1.

Table B.2.1.3.2-1: Gain difference Z between fine and rough beams, Spherical coverage directions

	Value “Z” in dB, for each UE Power class

	1
	2
	3
	4

	FFS
	9.0
	7.0
	FFS


Again the gain difference Z is power class dependent, but not operating band dependent. Figure 4-2 shows an illustration for Power class 3.
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Figure 4-2: Fine and rough beams, Spherical coverage directions
Although the values of Y and Z happen to be the same for UE Power classes 2 and 3, they may differ for other power classes and are handled separately depending on the angle of arrival.
4.2: Handling in RRM test case analyses
The extract from the attached early draft TT analysis for 38.533 7.7.1.2, tab “7.7.1.2-1 S2 PC3 Noc+Es” shows that the gain differences Y and Z between fine and rough beams are included in the TT analysis, and are used when calculating the UE internal noise. When rough beams are used, the UE noise as seen at the Reference point is higher, as explained in the derivation of side conditions in TS 38.133 [1] clause B.2.1.3.
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5.
UE internal noise
5.1: Relevant requirements
In FR1 RRM test cases, and historically for LTE, conducted tests are performed at a level sufficiently above the UE noise, so that UE internal noise is not significant. However for FR2, RRM uses radiated testing and due to the high pathloss the UE internal noise significantly affects the SNR seen at UE baseband.
We also note that in FR2 the UE measurement side conditions are specified without applied noise, as shown in the extract below from TS 38.133 [1], and therefore UE baseband Es/Iot is determined only by UE internal noise. The derivation of these values is given in TS 38.133 [1] clause B.2.1.3, but is not copied here.
Table B.2.3-2: Conditions for inter-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
	-126.3+Y1
	-111.8
	-110.1
	-125.8+Y4
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-4

	
	
	n258
	-126.3+Y1
	-111.8
	-110.1
	-125.8+Y4
	
	

	
	
	n260
	-123.3+Y1
	
	-107.5
	-123.8+Y4
	
	

	
	
	n261
	-126.3+Y1
	-111.8
	-110.1
	-125.8+Y4
	
	

	
	Spherical coverage Note 1
	n257
	-118.3+Z1
	-100.8
	-99.2
	-116.8+Z4
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-4

	
	
	n258
	-118.3+Z1
	-100.8
	-99.2
	-116.8+Z4
	
	

	
	
	n260
	-115.3+Z1
	
	-94.9
	-111.8+Z4
	
	

	
	
	n261
	-118.3+Z1
	-100.8
	-99.2
	-116.8+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].


5.2: Handling in RRM test case analyses
The extract from the attached early draft TT analysis for 38.533 7.7.1.2, tab “7.7.1.2-1 S2 PC3 Noc+Es” shows that the UE internal noise is included in the TT analysis, together with the applied noise (Noc). These values are both used to calculate the Es/Iot at UE baseband (SNR), as shown by the formula for spreadsheet cell I27.

Depending on the parameters chosen, the Es/Iot at UE baseband can be significantly different from the applied Es/Iot, as is the case shown here. In FR2 demodulation tests the values were chosen to give a maximum of 1dB degradation from applied SNR to UE baseband SNR, but RRM test cases do not have to follow this. Here a larger degradation is allowed so that the test can cover a wider range of applied (Cell 2 SSB_RP - Cell 1 SSB_RP) difference and applied (Freq 2 Io - Freq 1 Io) difference.
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6. UE Power class
6.1: Requirements
As can be seen from extracts earlier in this Tdoc, core requirements depend on UE power class. The early draft analysis attached uses values for power class 3, which is currently the most mature in terms of core requirement specification.
6.2: Handling in RRM test case analyses
Depending on how the core requirements evolve, and which RRM test cases are power-class agnostic and which are power-class dependent, RAN5 will need to decide a strategy for RRM TT analyses. For power-class dependent test cases, such as SS-RSRP accuracy (which also has band-dependent values) it is likely that separate analyses will be needed for each power class.

At present it seems best to develop analysis methods using Power Class 3, and the method of covering other power classes can be discussed when the core requirements are more mature.  

7. Incomplete topics in TT analysis

A number of other topics are incomplete at present. They are not covered in this Tdoc, but are listed to give an indication of the status:

· The UE antenna gain range, which affects test cases with absolute reported values, and test cases using absolute thresholds
· The method of calculating sensitivity factors, and combination of uncertainties
As noted in the introduction, the early draft included in this contribution is a work in progress, and is not ready to be used for Test case analyses. Cells with pink colour are known to require further work, but this colouring is not guaranteed to identify all areas requiring further work. 
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