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Annex A: Derivation documents for test tolerance

The documents (and spreadsheets where applicable) used to derive the test tolerances for each test case are included in the present document as zip files.

The aim is to provide a reference to completed test cases, so that test tolerances for similar test cases can be derived on a common basis. The information on test case grouping in section 7 and 8 can be used to identify similarities.
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A.2
Handling of common Test Tolerance topics for radiated test cases defined in TS 38.533
The basic principles of Test Tolerance analysis are the same for conducted testing and radiated testing, but for radiated testing additional topics are taken into account. This annex contains methods to handle common additional topics, to allow re-use and to avoid the need for each test case analysis to repeat the same detail.
Individual test case analyses are expected to follow the methods contained here where applicable, and to refer to relevant clauses in this Annex.
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:
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Figure A.2.1.1-1: UE Rx Beam-peak and spherical coverage directions, Fine beams
A.2.1.2
Modelling of variation within spherical coverage directions
Within the spherical coverage directions, a signal may be anywhere fom near Rx Beam Peak (high gain direction, close to Refsens) to the worst of the allowed percentile (low gain direction, close to EIS spherical coverage requirement value). This is modelled by taking the midpoint of the Spherical coverage range as the nominal value, and then adding a varaiation of ±(half the difference between Refsens and Spherical coverage).

UE Spherical coverage gain midpoint in dB is derived as (UE Refsens - UE Spherical coverage)/2
Figure A.2.1.2-1 shows an example for UE Power class 3, Channel bandwidth 100MHz and operating band n257. In this example the UE Spherical coverage gain midpoint would be -5.45dB, as the gain is lower than in the Rx Beam peak direction. Variation about the midpoint is handled as a UE uncertainty.
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Figure A.2.1.2-1: Example modelling of variation within spherical coverage directions, Fine beams
A.2.1.3
Principles for Test Tolerance analysis 
The following principles shall be followed in the test case analysis:

-
The Angle of Arrival for each downlink signal shall be defined: either from UE Rx beam peak direction or from a direction within the EIS spherical coverage
-
Variations over the EIS spherical coverage directions shall be included, using the method shown in A.2.1.2.

Variations over the EIS spherical coverage directions do not directly affect signals applied to the UE, but they do affect the SS-RSRP level measured by the UE, and the Es/Iot at UE baseband. Where the test case has requirements on UE baseband Es/IotBB, UE internal noise calculation is given in clause A.2.3, and calculation of Es/Iot at UE baseband is given in clauses A.2.4 and A.2.7.
A.2.2
UE Fine beams and Rough beams
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.
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Figure A.2.2.1-1: Fine and rough beams, Rx Beam peak direction
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Figure A.2.2.1-2: Fine and rough beams, spherical coverage directions
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 requrements, and no further modifications are needed.  

Where the 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. 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.
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.

A.2.3
UE internal noise
A.2.3.1
Relevant core requirements
The relevant Core requirements are:

-
Refsens or EIS spherical coverage, specified in TS 38.101-2 [16] clauses 7.3.2 and 7.3.4 respectively 
-
UE baseband SNR at which Refsens or EIS spherical coverage is specified, in TS 38.133 [17] clause B.2.1.3
-
NRB in channel BW at which Refsens or EIS spherical coverage is specified, in TS 38.101-2 [16] Table 5.3.2-1
-
Gain difference between fine and rough beams, in TS 38.133 [17] clause B.2.1.3
-
UE multi-band relaxation factors, in TS 38.101-2 [16] Table 6.2.1.3-4
A.2.3.2
Calculation method
For signals arriving from Rx Beam Peak direction:
Noise in dBm/SCS = Refsens PC, band, Ch BW  – SNRRefsens -10Log10 (NRB_Ch BW, SCS x 12) +Y PC + ΣMBP
where:


Refsens PC, band, Ch BW is the reference sensitivity value in dBm specified in TS 38.101-2 [16] clause 7.3.2 according to Power Class, Operating band and Channel bandwidth

SNRRefsens is the SNR used for simulation of Refsens and EIS spherical coverage, and is -1 dB

NRB_Ch BW, SCS is the number of PRBs specified in TS 38.101-2 [16] Table 5.3.2-1 according to Channel bandwidth and subcarrier spacing (not necessarily equal to the number of PRBs used in the test case)

12 is the number of subcarriers in a PRB

Y PC is the gain difference in dB specified in TS 38.133 [17] Table B.2.1.3.1-1, according to Power Class, and is only applied when the UE is assumed to be using rough beams. Otherwise, use 0dB  

ΣMBP is the UE multi-band relaxation factor value in dB specified in TS 38.101-2 [16] clause 6.2.1
For signals arriving from Spherical coverage directions:
Noise in dBm/SCS = EIS spherical coverage PC, band, Ch BW  – SNRRefsens -10Log10 (NRB_Ch BW, SCS x 12) +Z PC + ΣMBS
where:


EIS spherical coverage PC, band, Ch BW is the EIS spherical coverage value in dBm specified in TS 38.101-2 [16] clause 7.3.4 according to Power Class, Operating band and Channel bandwidth


SNRRefsens is the SNR used for simulation of Refsens and EIS spherical coverage, and is -1 dB

NRB_Ch BW, SCS is the number of PRBs specified in TS 38.101-2 [16] Table 5.3.2-1 according to Channel bandwidth and subcarrier spacing (not necessarily equal to the number of PRBs used in the test case)

12 is the number of subcarriers in a PRB

Z PC is the gain difference in dB specified in TS 38.133 [17] Table B.2.1.3.2-1, according to Power Class, and is only applied when the UE is assumed to be using rough beams. Otherwise, use 0dB  

ΣMBS is the UE multi-band relaxation factor value in dB specified in TS 38.101-2 [16] clause 6.2.1
The analysis spreadsheet converts dBm/SCS to linear power in pW/SCS for ease of further calculations.
A.2.3.3
Principles for Test Tolerance analysis 
The following principles shall be followed in the test case analysis:

-
Where the test case has requirements on UE baseband Es/IotBB, the Test Tolerance analysis should include UE internal noise in the calculation 
-
UE internal noise is calculated using the method in A.2.3.2
A.2.4
Calculation of Es/Iot at UE baseband
A.2.4.1
Relevant core requirements
Core requirements applicable to RRM test cases depend on the test purpose, and should be selected for each test case. For test cases where the UE makes a measurement, the following are relevant:

-
Measurement Performance requirements are specified in TS 38.133 [17] clause 10, and side conditions such as Es/Iot are included in the core requirements for each measurement. For FR2, notes in tables clarify that Es/Iot is at UE baseband. 
-
Operating band specific conditions for RRM requirements are specified in TS 38.133 [17] Annex B, and side conditions such as Es/Iot are included for each measurement. For FR2, notes in tables clarify that Es/Iot is at UE baseband.
Other UE core requirements may also have conditions on Es/Iot.
A.2.4.2
Calculation method
An example is provided here for a scenario with applied AWGN and two intra-frequency cells. SSB Es/Iot at UE baseband is calculated for Cell 1. Interference to Cell 1 comes from the applied AWGN, from the UE internal noise, and from Cell 2. The values are chosen for illustration, and not taken from any specific test case.
Cell 1 SSB Es/IotBB = 10Log10 ((Cell 1 SSB power) / (Applied AWGN power + UE internal noise + Cell 2 SSB power))
Where Applied AWGN power, UE internal noise, Cell 1 power and Cell 2 power are linear powers in W, per subcarrier.
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Figure A.2.4.2-1: Example Es/IotBB scenario, applied AWGN and two intra-frequency cells
In this case, the calculation gives Cell 1 SSB Es/IotBB = 10Log10 (0.139 / (0.055 + 0.037 + 0.070)) = -0.67dB
The main point is that the Es/Iot at UE baseband is lower than the applied Es/Iot, because the UE internal noise adds to the interference, and can be a significant contribution for the parameters used in some test cases.
The presence of UE internal noise also affects the calculation of Es/Iot sensitivity factors in the Test Tolerance analysis. The UE internal noise is a fixed (worst) value, being based on the UE minimum requirement, and is taken into account in the scaling which uses linear powers: 
-
Cell 1 SSB Es/IotBB sensitivity to applied AWGN absolute power = UE internal noise /(Applied AWGN power + UE internal noise + Cell 2 SSB power). In this example, (0.037 / (0.055 + 0.037 + 0.070)) = +0.230 

-
Cell 1 SSB Es/IotBB sensitivity to Cell 1 Es/Noc = +1.000
-
Cell 1 SSB Es/IotBB sensitivity to Cell 2 Es/Noc = -Cell 2 SSB power /(Applied AWGN power + UE internal noise + Cell 2 SSB power). In this example, (0.070 / (0.055 + 0.037 + 0.070)) = -0.429 

A positive sensitivity factor is used where an increase in the quantity produces an increase in Cell 1 SSB Es/IotBB, for example increasing Cell 1 Es/Noc. A negative sensitivity factor is used where an increase in the quantity produces a decrease in Cell 1 SSB Es/IotBB, for example increasing Cell 2 Es/Noc. The sensitivity factors are used to scale the uncertainties.

Where the uncertainties are uncorrelated, as here, they are added root-sum-square so the sign of the sensitivity factor does not have any effect. In special cases where the uncertainties are correlated, they may be added arithmentically and the sign affects the result, as in clause A.2.7.    
A.2.4.3
Principles for Test Tolerance analysis 
The following principles shall be followed in the test case analysis:

-
UE internal noise is included in the interference when calculating Es/IotBB 
-
Es/IotBB sensitivity factors are calculated using the method in A.2.4.2
A.2.5
Calculation of Applied Io
A.2.5.1
Relevant core requirements
Core requirements applicable to RRM test cases depend on the test purpose, and should be selected for each test case. For test cases where the UE makes a measurement, the following are relevant:

-
Measurement Performance requirements are specified in TS 38.133 [17] clause 10, and side conditions such as Io are included in the core requirements for each measurement. Normally the maximum Io condition is specified in the channel bandwidth, whereas the minimum Io condition is specified as a power density per subcarrier. 

A.2.5.2
Calculation method
An example is provided here for a scenario with applied AWGN and two intra-frequency cells. Io applied to the UE is the arithmetic sum of linear powers in the channel bandwidth. UE internal noise is not counted, as it is not applied to the UE. The values are chosen for illustration, and not taken from any specific test case.

Channel Io = 10Log10 (Applied AWGN power + Cell 1 power + Cell 2 power) + 10Log10 (NRB_TC x 12)
where:


AWGN, Cell 1 power and Cell 2 power are linear powers in W, per subcarrier

NRB_TC is the number of PRBs allocated in the test case (not necessarily equal to the number of PRBs in the channel bandwidth)

12 is the number of subcarriers in a PRB
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Figure A.2.5.2-1: Example Io scenario, applied AWGN and two intra-frequency cells
With 24 PRBs allocated, the example gives Io = 10Log10 ((0.055 +0.139 +0.070) x10-9)+10Log10 (24 x 12) = -71.2dBm
Io sensitivity factors in the Test Tolerance analysis are based on linear powers: 

-
Io sensitivity to applied AWGN absolute power = +1.000
-
Io sensitivity to Cell 1 Es/Noc = Cell 1 power / (Applied AWGN power + Cell 1 power + Cell 2 power). In this example, (0.139 / (0.055 + 0.139 + 0.070)) = +0.527
-
Io sensitivity to Cell 2 Es/Noc = Cell 2 power / (Applied AWGN power + Cell 1 power + Cell 2 power). In this example, (0.070 / (0.055 + 0.139 + 0.070)) = +0.264 

All the sensitivity factors are positive, as an increase in the quantity produces an increase in Io. The sensitivity factors are used to scale the uncertainties.

A.2.5.3
Principles for Test Tolerance analysis 
The following principles shall be followed in the test case analysis:

-
Io is calculated using the method in A.2.5.2 

-
Io sensitivity factors are calculated using the method in A.2.5.2
A.2.6
UE Reported RSRP and UE gain
A.2.6.1
Relevant core requirements
SS-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 UE gain “G” relates the combined signal from antenna elements corresponding to a given receiver branch to the reference point for requirement parameters.
For test cases where the UE reports a measured value, or compares a measured value to a signalled threshold, the UE Gain “G” affects the SS-RSRP level measured by the UE
-
The UE Gain from the reference point (where test case parameters are specified) to the SS-RSRP measurement point is specified in TS 38.133 [17] clause B.2.1.5. As the UE gain “G” is specified for Rx Beam Peak angle of arrival, it does not include effects related to spherical coverage.
-
Measurement Performance requirements are specified in TS 38.133 [17] clause 10, and include accuracy requirements as +/-dB values. For FR2, the accuracy is considered to apply at the combined signal from antenna elements corresponding to a given receiver branch, and does not include the UE gain “G”. 

The specified range of UE Gain “G” allows the UE to use either Rough beams or Fine beams, so no further allowance is required for the parameters Y or Z in A.2.2.  
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.
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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:
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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. 
A.2.6.3
Relative RSRP, 2 levels on same cell, same Angle of Arrival
An example is provided here for a scenario where the test case require the UE to report SS-RSRP for the same cell at two different levels, with the signal arriving from the same direction. The Angle of Arrival may be within the UE spherical coverage, or from Rx Beam peak direction.

UE-measured SS-RSRP1nom = Applied SSB_RP1 + UE Spherical coverage gain midpoint + UE gain G midpoint
UE-measured SS-RSRP2nom = Applied SSB_RP2 + UE Spherical coverage gain midpoint + UE gain G midpoint
UE-measured SS-RSRP2nom - UE-measured SS-RSRP1nom = Applied SSB_RP2 - Applied SSB_RP1
where:


Applied SSB_RP1 and Applied SSB_RP2 are specified in the test case, either directly as Es or derived from Noc and Es/Noc, and are in dBm per subcarrier
It can be seen that UE Spherical coverage gain midpoint and UE gain G midpoint cancel out for this relative measurement, as they remain the same for a signal from the same Angle of Arrival. 
Reported SS-RSRP2 - Reported SS-RSRP1 = UE-measured SS-RSRP2nom - UE-measured SS-RSRP1nom ±UE accuracy
where:


UE accuracy is the relative accuracy from the core requirement referred to in A.2.6.1
A.2.6.4
Relative RSRP, 2 intra-frequency cells, same Angle of Arrival
An example is provided here for a scenario where the test case require the UE to report SS-RSRP for two different cells, with the signals arriving from the same direction. The Angle of Arrival may be within the UE spherical coverage, or from Rx Beam peak direction.

UE-measured SS-RSRP1nom = Applied SSB_RP1 + UE Spherical coverage gain midpoint + UE gain G midpoint
UE-measured SS-RSRP2nom = Applied SSB_RP2 + UE Spherical coverage gain midpoint + UE gain G midpoint
UE-measured SS-RSRP2nom - UE-measured SS-RSRP1nom = Applied SSB_RP2 - Applied SSB_RP1
where:


Applied SSB_RP1 and Applied SSB_RP2 are specified in the test case, either directly as Es or derived from Noc and Es/Noc, and are in dBm per subcarrier
It can be seen that UE Spherical coverage gain midpoint and UE gain G midpoint cancel out for this relative measurement, as they are the same for signals from the same Angle of Arrival. 
Reported SS-RSRP2 - Reported SS-RSRP1 = UE-measured SS-RSRP2nom - UE-measured SS-RSRP1nom ±UE accuracy
where:


UE accuracy is the relative accuracy from the core requirement referred to in A.2.6.1
A.2.6.5
Relative RSRP, 2 inter-frequency cells, same Angle of Arrival
[FFS]
A.2.6.6
Relative RSRP, 2 cells, different Angles of Arrival
Examples are provided here for scenarios where the test case requires the UE to report SS-RSRP for two different cells, with the signals arriving from different directions.
For both Angles of Arrival from UE spherical coverage directions:
UE-measured SS-RSRP1nom = Applied SSB_RP1 + UE Spherical coverage gain midpoint + UE gain G midpoint
UE-measured SS-RSRP2nom = Applied SSB_RP2 + UE Spherical coverage gain midpoint + UE gain G midpoint
UE-measured SS-RSRP2nom - UE-measured SS-RSRP1nom = Applied SSB_RP2 - Applied SSB_RP1
where:


Applied SSB_RP1 and Applied SSB_RP2 are specified in the test case, either directly as Es or derived from Noc and Es/Noc, and are in dBm per subcarrier
For the nominal values, UE Spherical coverage gain midpoint and UE gain G midpoint cancel out for this relative measurement. For the variations, UE gain variation cancels out as the same value affects both cells, but Spherical coverage gain variation applies separately to each Angle of Arrival. 
Reported SS-RSRP2 - Reported SS-RSRP1 = UE-measured SS-RSRP2nom - UE-measured SS-RSRP1nom ±Spherical coverage gain variationAoA1 ±Spherical coverage gain variationAoA2 ±UE accuracy
where:


Spherical coverage gain variationAoA1 is derived from Refsens and Spherical coverage, as in Figure A.2.1.2-1 

Spherical coverage gain variationAoA2 is derived from Refsens and Spherical coverage, as in Figure A.2.1.2-1 

UE accuracy is the relative accuracy from the core requirement referred to in A.2.6.1
For one Angle of Arrival from UE spherical coverage directions, and one from Rx Beam peak direction:
UE-measured SS-RSRP1nom = Applied SSB_RP1 + UE Spherical coverage gain midpoint + UE gain G midpoint
UE-measured SS-RSRP2nom = Applied SSB_RP2 + UE gain G midpoint
UE-measured SS-RSRP2nom - UE-measured SS-RSRP1nom = Applied SSB_RP2 - Applied SSB_RP1 - UE Spherical coverage gain midpoint
where:


Applied SSB_RP1 and Applied SSB_RP2 are specified in the test case, either directly as Es or derived from Noc and Es/Noc, and are in dBm per subcarrier

UE Spherical coverage gain midpoint in dB is derived as (UE Refsens - UE Spherical coverage)/2
For the nominal values, UE gain G midpoint cancels out for this relative measurement, but UE Spherical coverage gain midpoint applies to one Angle of Arrival. For the variations, UE gain variation cancels out as the same value affects both cells, but Spherical coverage gain variation applies to one Angle of Arrival. 
Reported SS-RSRP2 - Reported SS-RSRP1 = UE-measured SS-RSRP2nom - UE-measured SS-RSRP1nom ±Spherical coverage gain variationAoA1 ±UE accuracy
where:


Spherical coverage gain variationAoA1 is derived from Refsens and Spherical coverage, as in Figure A.2.1.2-1 

UE accuracy is the relative accuracy from the core requirement referred to in A.2.6.1
A.2.6.7
Principles for Test Tolerance analysis 
The following principles shall be followed in the test case analysis:

-
UE-measured SS-RSRPnom is calculated using the relevant method in A.2.6.2 to A.2.6.6  

-
The range of SS-RSRP reported values is calculated using the relevant methods in A.2.6.2 to A.2.6.6
A.2.7
Intra-frequency cells without AWGN, same Angle of Arrival
A.2.7.1
Test system
In a practical test system running a test case where Intra-frequency cells come from the same Angle of Arrival, the level uncertainties for all cells will be highly correlated. If the test case has applied AWGN, it will specify Noc and Es/Noc, and the absolute uncertainty for applied AWGN will be the dominant contribution to the overall Es uncertainty for each cell. As AWGN is common to all cells on that frequency, the correlation is already included.
If the test case does not have applied AWGN, it will specify Es for each cell, with an absolute Es uncertainty for each cell. The method of handling the effect of correlation in the Test Tolerance analysis is given in A.2.7.2 and A.2.7.3. 
A.2.7.2
Calculation method for Es/Iot at UE baseband
An example is provided here for a scenario with two intra-frequency cells, without applied AWGN. SSB Es/Iot at UE baseband is calculated for Cell 1. Interference to Cell 1 comes from the UE internal noise and from Cell 2. The values are chosen for illustration, and not taken from any specific test case.
Cell 1 SSB Es/IotBB = 10Log10 ((Cell 1 SSB power) / (UE internal noise + Cell 2 SSB power))

Where UE internal noise, Cell 1 power and Cell 2 power are linear powers in W, per subcarrier.
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Figure A.2.7.2-1: Example Es/IotBB scenario, two intra-frequency cells
In this case, the calculation gives Cell 1 SSB Es/IotBB = 10Log10 (0.139 / (0.037 + 0.070)) = 1.14dB
The presence of UE internal noise also affects the calculation of Es/Iot sensitivity factors in the Test Tolerance analysis. The UE internal noise is a fixed (worst) value, being based on the UE minimum requirement, and is taken into account in the scaling which uses linear powers: 
-
Cell 1 SSB Es/IotBB sensitivity to Cell 1 Es = +1.000
-
Cell 1 SSB Es/IotBB sensitivity to Cell 2 Es = -Cell 2 SSB power /(UE internal noise + Cell 2 SSB power). In this example, (0.070 / (0.037 + 0.070)) = -0.651 

A positive sensitivity factor is used where an increase in the quantity produces an increase in Cell 1 SSB Es/IotBB, for example increasing Cell 1 Es. A negative sensitivity factor is used where an increase in the quantity produces a decrease in Cell 1 SSB Es/IotBB, for example increasing Cell 2 Es. The sensitivity factors are used to scale the uncertainties.

Where the uncertainties are correlated, as here, they are added arithmentically and the sign affects the result. In this example, increasing Cell 1 Es increases the Cell 1 SSB Es/IotBB, but the correlated increase in Cell 2 Es decreases the Cell 1 SSB Es/IotBB. The overall effect is smaller, and depends on the ratios of linear powers.
A.2.7.3
Calculation method for Applied Io
An example is provided here for a scenario with two intra-frequency cells, without applied AWGN. Io applied to the UE is the arithmetic sum of linear powers in the channel bandwidth. UE internal noise is not counted, as it is not applied to the UE. The values are chosen for illustration, and not taken from any specific test case.

Channel Io = 10Log10 (Cell 1 power + Cell 2 power) + 10Log10 (NRB_TC x 12)
where:


Cell 1 power and Cell 2 power are linear powers in W, per subcarrier

NRB_TC is the number of PRBs allocated in the test case (not necessarily equal to the number of PRBs in the channel bandwidth)

12 is the number of subcarriers in a PRB
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Figure A.2.7.3-1: Example Io scenario, two intra-frequency cells
With 24 PRBs allocated, the example gives Io = 10Log10 ((0.139 +0.070) x10-9) +10Log10 (24 x 12) = -72.2dBm
Io sensitivity factors in the Test Tolerance analysis are based on linear powers: 

-
Io sensitivity to Cell 1 Es = Cell 1 power / (Cell 1 power + Cell 2 power). In this example, (0.139 / (0.139 + 0.070)) = +0.667
-
Io sensitivity to Cell 2 Es = Cell 2 power / (Cell 1 power + Cell 2 power). In this example, (0.070 / (0.139 + 0.070)) = +0.333 

All the sensitivity factors are positive, as an increase in the quantity produces an increase in Io. The sensitivity factors are used to scale the uncertainties.

Where the uncertainties are correlated, as here, they are added arithmentically, and the sign affects the result. In this example increasing Cell 1 Es increases Io, and the correlated increase in Cell 2 Es also increases Io. The overall effect of scaling adds up to 1, as expected.
A.2.7.4
Principles for Test Tolerance analysis 
The following principles shall be followed in the test case analysis:

-
For Intra-frequency cells from the same Angle of Arrival without AWGN, Es/IotBB is calculated using the method in A.2.7.2 

-
For Intra-frequency cells from the same Angle of Arrival without AWGN, Es/IotBB sensitivity factors are calculated using the method in A.2.7.2
-
For Intra-frequency cells from the same Angle of Arrival without AWGN, Io is calculated using the method in A.2.7.3 

-
For Intra-frequency cells from the same Angle of Arrival without AWGN, Io sensitivity factors are calculated using the method in A.2.7.3
<< End of changes >>
