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1. Introduction
In [1] we began discussion on principles for measurement accuracy testing. Although the earlier contribution was specifically for measurement accuracy testing, the scope of the topic  is wider, since it is necessary to gain an understanding of the expected SS-RSRP (and other measurement quantities) for many OTA test cases in both idle and RRC connected states. In this contribution, we further discuss the topic in more general terms.
2. Discussion

2.1. SS-RSRP accuracy

In [1] we proposed three different possibilities for test methods, all of which have certain advantages but also pose some significant challenges as indicated in table 1, copied from [1]
	
	Advantages
	Disadvantages

	Option 1: UE is used as a reference for itself
	Simple test method to develop, allowing all absolute and relative accuracy requirements to be checked, spatially realistic tests are possible
	A large part of the accuracy budget is for UE RF gain setting uncertainties. If UE is used as a reference for itself, RF gain setting uncertainties will cancel out. So, the test may be too easy to pass, and not fully verifying the UE

	Option 2: Test limits are determined based on minimum and maximum allowable antenna gain
	All absolute and relative accuracy requirements may be checked with any AoA, spatially realistic tests are possible


	Time consuming to reach agreement on antenna gain limits in RAN4

Test could be limiting to implementations if  antenna gain limits are not well chosen in RAN4

	Option 3: Evaluate relative accuracy between two cells with the same AoA.
	Simple method for intrafrequency tests where antenna gain does not need to be considered.
	No means to verify absolute accuracy

Test is spatially unrealistic and does not verify RX beam sweeping



Table 1: Possible OTA methods to address ideal RSRP from [1] 

In RAN#81, there was discussion on the testing scope for NR, and it was agreed [2] that first RRM tests will use a single AoA

	· For FR2, only the RRM test cases with the single AoA test setup will be discussed in Q4 2018

· The test cases with the two AoA test setup will be deferred after December to Q1 2019


This clearly facilitates option 3 for relative accuracy tests and simplifies initial OTA RRM test case work in RAN4 somewhat, however it does not provide a method for verifying absolute accuracy. This is needed both directly to verify absolute accuracy requirements in a test, and indirectly, e.g. to allow setting of absolute event trigger thresholds for cell detection tests. In this contribution we outline a method for verifying SS-RSRP absolute accuracy, making use of other requirements such as EIS (effective isotropic sensitivity) and TRS (or TRP) (total radiated sensitivity/ total radiated power).

Firstly, we note that the ideal SS-RSRP which would be measured by a UE in a chamber consists of several components
PRX = EIRPSS – FSPL  + DRX  + 10*log10(RXantenna_efficiency)

Where 

PRX is power received by the UE, e.g. SS-RSRP
EIRPSS is the EIRP of the test equipment

FSPL is test range free-space path loss to center of quiet zone

DRX is the so-called directivity of the UE, which is the additional antenna gain provided by RX beamforming on top of the antenna efficiency

RXantenna_efficiency : The RX antenna efficiency, which we discuss in the next section

Treating these terms one by one

EIRPSS and FSPL are together characteristics of the test equipment and OTA range which must be known to a certain level of uncertainty, since the purpose of a test range is to provide a known power level OTA signal to the DUT with a certain agreed tolerance. Together, these terms are simply the signal level specified in the test case at the centre of the quiet zone, which the test equipment should provide to the best of its ability. Uncertainties the test equipment level will reflect directly to uncertainties in 
DRX in the peak beam direction may in principle be estimated by considering EIS (also measured from the UE in the peak beam direction) and the TRS (total radiated sensitivity) of the UE in all directions, where TRS (and EIS) would be measured in a beam lock test mode. The ratio of TRS to EIS (or difference in dB domain) is an estimate of the directivity  DRX, the gain of the antenna excluding antenna efficiency
RXantenna_efficiency: The antenna efficiency is the ratio of TRS to electrical power produced by an antenna element (i.e. excluding beamforming gain) and is a characteristic of the antenna elements used. This is unknown during the test case. Figure 1, reproduced from [3], shows simulated results for 28GHz band for notch, dipole and strip fed batch antenna elements. Given that different reasonable UE antenna configurations should be allowed, we propose that it could be assumed that 1.0 ≥ RXantenna_efficiency≥ 0.5 at least for mid band testing. We are open to further discussion on this aspect, since shielding, case material and other practical implementation aspects may well affect antenna efficiency compared with simulated results although naturally the antenna efficiency also needs to be sufficient for the UE to operate. Cleary, RXantenna_efficiency≥1.0 is physically impossible, so at any rate an upper bound on the possible SS-RSRP is provided with this knowledge alone.
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In short then, the minimum and maximum SS-RSRP measured by the UE is expected to be given by
SS_RSRPmin = EIRPSS – FSPL  + DRX  + 10*log10(RXantenna_efficiency,min) +Accmin,UE
SS_RSRPmax = EIRPSS – FSPL  + DRX  + Accmax,UE
DRX=10log10(EIS/TRS)

Accmin,UE = lower bound RSRP accuracy e.g. Accmin,UE= -6dB if SS RSRP accuracy is ±6dB 
Accmax,UE = upper bound RSRP accuracy e.g. Accmax,UE= +6dB if SS RSRP accuracy is ±6dB

Effectively, the method can be considered as a modification of option 1, whereby instead of using the UE measurements to calibrate the test (which then has the disadvantage that the test may pass if the UE measurements are consistently incorrect between calibration and testing), TRS and EIS are used to calibrate the test. The testing order would be to determine UE TRP and EIS and these values can be considered as “inputs” to the RRM tests.

In case a UE supports beam correspondence, it may not be required to measure TRS (FFS). In this case, the TX directivity, DTX (measured in a similar way with TRP and EIRP) may be considered as a substitute for DRX, however it should be noted that beam correspondence is not equivalent to beam reciprocity, so it is possible that DTX≠DRX even though the UE supports beam correspondence. Therefore, it would be preferred to make an explicit TRS measurement, even if there is no actual requirement placed on TRS by the RF specifications.

Proposal 1: Absolute SS-RSRP bounds are determined using measured TRS, EIS and agreed limits on antenna efficiency
Proposal 2: Relative SS-RSRP accuracy requirements may be directly verified in an OTA environment using the agreed assumption of a single AoA 

Proposal 3: The agreed limits on antenna efficiency are 1.0 ≥ RXantenna_efficiency≥ 0.5
EIS and TRS are measured with beam locking enabled. Since we want to check beam sweeping in measurements RAN4 should not  enable beam locking in RRM tests but should ensure that the test is performed with the same orientation as the peak beam direction that is found in  the EIS phase. Then the directivity may be assumed to be the same (or similar within some margin to be discussed) as the directivity experienced in the sensitivity test.

Proposal 4: Beam locking is not used in RRM tests

Proposal 5:The AoA (relative to the UE) in RRM tests is the  as the peak beam direction that has been found in  the EIS measurement phase
2.2. SINR side condition

A related discussion in RAN4#88 was how to ensure the side condition for SINR in test cases. Given the plenary decision to concentrate on a single AoA, this discussion is significantly simplified for the first phase of tests. Since wanted signal and interference come from the same AoA, the only aspect which has not been discussed is the AoA for AWGN. Noise which is explicitly generated in the test equipment will also, in our expectation, be transmitted with the same AoA as all wanted signals. There may also be noise coming from other AoA, depending on how perfectly shielded the test range is. In general, this is more of a discussion for the testability SI (e.g. if some test tolerance needs to be allowed for “uncontrolled” noise in the test environment. At any rate, the principle which we discussed in [1], that the UE will be RX beam sweeping/beamforming for measurement in a beneficial direction still applies, and a UE with active RX beamforming would, in general, be less troubled by such uncontrolled noise as would be a UE with a fixed antenna pattern. Even in a conducted test, additional uncontrolled noise may be picked up by test equipment interconnect.
Based on this, we see no specific need for concern on ensuring that Es/Iot is met in the test environment, beyond ensuring that the test equipment signal (from a single AoA) satisfies Es/Iot side conditions, and ensuring that the test range is sufficiently screened and applying any test tolerances as necessary.
Proposal 4: No specific action is needed in RRM performance work on ensuring side conditions are met in an OTA environment for single AoA tests.
3. Conclusion

Proposal 1: Absolute SS-RSRP bounds are determined using measured TRS, EIS and agreed limits on antenna efficiency

Proposal 2: Relative SS-RSRP accuracy requirements may be directly verified in an OTA environment using the agreed assumption of a single AoA 

Proposal 3: The agreed limits on antenna efficiency are 1.0 ≥ RXantenna_efficiency≥ 0.5
Proposal 4: No specific action is needed in RRM performance work on ensuring side conditions are met in an OTA environment for single AoA tests.
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