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1
Introduction

At RAN4 AH-1801 RAN4 WG agrees to move responsibilities to define MUs and TTs for NR UE RF from RAN4 to RAN5 [1]. 
Concerns and proposals about TT definition have been highlighted at the RAN5 5G-NR AH#2 meeting [2] and [3] as well as at RAN5#79 meeting [9], RAN5#80 in [15] and RAN5 5G-AH#3 in [17]. Proposal from operators have been already submitted in the RAN plenary meeting RAN#79 in [17].
The method to handle measurement uncertainty is well known within the industry as well as in standard fora on ITU-R M.1545 [6].
At the RAN5#79 a Way Forward about FR1 TT has been agreed in [12] based on the TT < MU assumption defining an upper limit based on LTE TT values.
At RAN5 5G-NR AH#3 the first provisional agreement on MU values for OTA NR FR2 IFF test method has been reached in [18].

2
Background
In the UTRAN and E-UTRAN test specs, the concept of Test Tolerance (TT) addresses several aspects related to the testing procedures, i.e. Test System uncertainties, regulatory requirements and criticality to system performance.

It is a common assumption in 3GPP for conducted measurement to set the TT mainly in accordance with the measurement uncertainty associated to the test method. In fact, most of the test requirements in e.g. TS 34.121 and TS 36.521 are derived on the “Customer Risk” principle (also called “Never fail a good UE”), which means that the core requirement is relaxed by the relevant test tolerance. In other cases, however, where the performance under test is deemed critical (e.g. for regulatory aspects, like the spurious emissions) the TT is set to zero and the test simply relies on the core requirement.

For OTA measurement the above assumption has not been applied because the actual relaxation to be considered would have been too high, which are critical for the overall system performances therefore the way forward defined by RAN4#47bis was that the test tolerance values are not directly driven from Measurement Uncertainty. It was proposed that OTA performance, measurement uncertainty and test tolerance values need to be agreed as package [8]. The package of items to be agreed for each test cases included the test methodology, the core requirement, the related measurement uncertainties and the associated Test Tolerances. The assumption of TT < MU was included in the package and agreed by RAN4 for OTA in [8] at RAN4 Meeting #47bis in Munich.
Similarly, in 5G NR FR1, under RAN5 responsibility, the same technical reason addressed for OTA measurement (the actual relaxation introduced by TT is too high) brought to a result TT < MU agreed as package in a spreadsheet in [12]. 
There is a general assumption in RAN5, also based on the RAN4 WF in [8], that TT values cannot be derived until the related MU are finalized. Since at RAN5 5G-NR AH#3 the first provisional agreement on MU values for OTA NR FR2 test environment has been agreed in [18] the scope of this proposal is to address the related TTs discussion. 
3
Discussion

3.1 MU management: “Shared Risk” vs Other Methods
In the conducted measurement Test Specs (TS 34.121 and TS 36.521), in some cases, the “Shared Risk” approach is mentioned even if deviating from the actual definition in “ETSI ETR 273-1-2”, because the core requirement is always relaxed by the measurement uncertainty and the shared risk approach is applied to the resulting value that is not actually a Shared Risk method but the so called “Customer Risk” (or “Never Fail a good UE”).

The measurement uncertainty is a physical limit introduced by test systems which are not ideal. The actual measured values have a statistical distribution, a confidence level of 95 % is defined, the measurement uncertainty interval contains 95 % of a population of test system results centred in the actual measured value. 

[image: image12.png]One-Side
Double-Side

Statistical
distribution

Statistical
distribution
measurement
uncertainty
interval

measurement
uncertainty
interval

| — |

2.5% ; 2.5%

Measured
Value

5% i
Measured
Value




Observation 1: The measurement uncertainty cannot be eliminated.

Based on ITU-R M.1545 [6] recommendation RAN5 shall distinguish between 2 cases:

a) measurement uncertainties can be reasonably defined,
b) measurement uncertainty cannot be reasonably and clearly defined,
on the case a) the following principles are applicable:
“Customer Risk” principle (also called “Never fail a good UE”) where test limit is calculated by relaxing the core specification value by measurement uncertainty, measurement results are therefore compared with test limits tolerating failures up to the measurement uncertainty (i.e. the DUT is considered to pass if the measurement result is within the test limits + tolerance equal to measurement uncertainties).
“Shared Risk principle”: principle where the test limit is the core specification value that includes measurement uncertainty, measurement results are compared with test limits (i.e. the DUT is considered to pass if the measurement result is within the test limits).
“Supplier Risk” principle where test limit is calculated by tightening the core specification value by measurement uncertainty, measurement results are therefore compared with test limits which does not tolerate the measurement uncertainty (i.e. the DUT is considered to pass if the measurement result is within the test limits ​-  measurement uncertainties).
In case case b) where the measurement uncertainty cannot be reasonably and clearly defined, according to [6] the “Shared Risk” principle should be applied to core specification value without any relaxation.
Observation 2: The application of shared Risk allows the testing even in case the measurement cannot clearly defined, this guidelines from Recommendation ITU-R M.1545 can help speed up the FR2 test cases definition even in cases where MU calculation is difficult to achieve and time demanding.
Proposal 1: it is proposed as general assumption that for FR2 test cases where the measurement uncertainty cannot be reasonably and clearly defined the “Shared Risk” principle shall be applied. The Test Requirement match the core specification value without any relaxation (TT = 0)
For case a) where Measurement Uncertainty can be reasonably defined the principle to be applied is deemed crucial, because there is a population of devices which the actual measurement value is within the measurement uncertainty confidence level range (so called “borderline UEs”). The way the MU, hence this population of UEs, is managed has a cost: 
· for Operators can introduce the risk of Passing UEs which potentially can harm the system performances while 
· for UE manufactures can introduce the risk of blocking a conformant UE. 
In the “Shared Risk principle” (TT = 0) measurement results are directly compared with test limits. In the following picture there is a graphical representation of Measurement Result Error likelihood due to measurement uncertainty.
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Figure 3.1-1 The “Shared Risk” Principle
Observation 3: The “Shared-Risk” solution details:

( 50% Risk for Operators to harm the overall system
( 50% Risk for UE manufactures of blocking a conformant UE
In the “Customer Risk” principle (also called “Never fail a good UE”) the core requirement is relaxed by the confidence level (95%) of the maximum measurement uncertainty (TT = MU).
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Figure 3.1-2 The “Customer Risk” Principle (also called “Never fail a good UE”)
Observation 4: The “Customer-Risk” solution details:

( 97.5% Risk for Operators to harm the overall system
( 2.5% Risk for UE manufactures of blocking a conformant UE
Observation 5: The Test Specifications usually define the Maximum allowed system Uncertainty this means that the real test system has a smaller MU. 

( the core requirement is relaxed of quantity greater than the actual system measurement uncertainty 
( Test Equipment and Labs effort to improve the overall system uncertainties does not bring any benefit to reduce requirement relaxation.
In the “Supplier Risk” the core requirement is tightened by the confidence level (95%) of the maximum measurement uncertainty.
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Figure 3.1-2 The “Supplier Risk” Principle (also called “Never fail a good UE”)
Observation 6: The “Supplier-Risk” solution details:

( 2.5% Risk for Operators to harm the overall system
( 47.5% Risk for UE manufactures of blocking a conformant UE
Observation 7: based on the Observation 3, 4, 5, and 6 the “shared-risk” approach applied to the minimum requirement is a wise and fair approach between Operators and UE Vendors.
3.2 TT impact on Network coverage

Let’s assume that for a certain service and in general for some specific working assumptions (i.e MIMO size, bandwidth, carrier spacing, TRS or TRP, etc…) a proper link budget model provides a result of 100 dB of maximum allowed Path Loss (where we assume to take the minimum value related to the limiting link, UL or DL):

· In practice it means that within this estimated path loss (i.e. covered area) and in correspondence of the pre-defined working assumptions, the desired service is guaranteed.

· Assuming for sake of simplicity a free space model, which is quite realistic in LOS propagation scenario for mmW’s frequencies, it is possible to derive an equivalent coverage area associated to the service for which the LB exercise was carried out.
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The table below, reports the case of an achieved maximum allowed Path Loss of 100 dB with the coverage radius and cell area associated, according to an ideal circular model: Acell = π*R2 (see the central dark green row)
[image: image9.emf]Nominal PL [dB]  R coverage [m] Radius_Delta

Area [hm

2

]

Area_delta

97 65.0 -41% 1.33 -50%

98 73.0 -26% 1.67 -37%

99 81.9 -12% 2.10 -21%

100 91.8 0% 2.6 0%

101 103.0 11% 3.3 26%

102 115.6 21% 4.2 58%

103 129.7 29% 5.3 100%


On the other hand, the same table shows that in correspondence of one or more dB reduction/enhancement respect to reference PL value (dark green row), due for example to a TRS reduction (e.g. “DL limited” case), the coverage area varies significantly:

Observation 8: Up to 50% reduction for “only few” of dB’s of PL reduction (e.g. TRS reduced by 3 dB)
It shall be noted the repeating the exercise for another service, under other working assumptions and achieving from link budget analysis another value for maximum allowed PL, in percentage terms we get the same results:

Observation 9: 1 dB PL reduction produces -21% in coverage area, 3 dB PL reduction implies a 50% reduction in coverage area!
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Area_delta

117 0.65 -41% 1.3 -50%

118 0.73 -26% 1.7 -37%

119 0.82 -12% 2.1 -21%

120 0.92 100% 2.6 0%

121 1.03 11% 3.3 26%

122 1.16 21% 4.2 58%

123 1.30 29% 5.3 100%


Proposal 2: it is proposed that for any requirement which are particularly critical for network coverage and overall system performance (like Min Peak EIRP, Min EIRP at 50t%-tile CDF, Reference Sensitivity and others TBD) the Shared-Risk approach is adopted for NR FR2.
3
Proposal
It is proposed that RAN5 endorse the above-mentioned proposals.
Proposal 1: it is proposed as general assumption that for FR2 test cases where the measurement uncertainty cannot be reasonably and clearly defined the “Shared Risk” principle shall be applied. The Test Requirement match the core specification value without any relaxation (TT=0)

Proposal 2: it is proposed that for any requirement which are particularly critical for network coverage and overall system performance (like Min Peak EIRP, Min EIRP at 50t%-tile CDF, Reference Sensitivity and others TBD) the Shared-Risk approach is adopted for NR FR2.
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