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Introduction
In RAN4#91, several agreements were reached for the ideal RSRP issue
	Agreement: 
· Rough range of combination of beam antenna gain and implementation loss before combining for PC3 
· Maximum: [20]dB
· This is a tentative value and more detailed analysis is allowed in future meetings.
· Minimum
· [-10]dBi for beam peak
· This is a tentative value and more detailed analysis is allowed in terms of whether meeting senstivitive requirements in future meetings.
· FFS it should be band dependent
· [Beam peak gain – X] for non-beam peak
· X value depends on band and UE power class

Agreement: 
· Investigate how to capture the outcome in TS38.133
· Capture suitable event triggered reporting thresholds in tests, and minimum / maximum expected L1/L3 SS-RSRP in absolute accuracy testing
· Capture in a general section in annex A




Discussion
One discussion which took place in RAN4#91 was what the calibration target for the UE should be. As we know, the UE is expected to estimate measured SS-RSRP after combining for downlink receive beamforming, and our understanding is that the [10dBi] tentative value included implementation losses between the UE antenna array and the combining circuit.
On the meaning of ideal RSRP
To illustrate how a UE is calibrated (which gives insight into the meaning of ideal RSRP in an OTA environment), we provide the following description, which is naturally not limiting to UE manufacture, but nevertheless describes the target that the UE manufacturer is aiming to meet.
Firstly, we observe that only a few things are actually estimated or known by a UE when making an SS-RSRP measurement; 
(1) The power of the SS_RSRP signal at the analogue to digital converter (assumed RF-BB interface point)
(2) The settings of LNA and RF amplifiers when the measurement was performed, from which an electrical gain of the RF strip can be assumed to be known
(3) The panel and RX beamforming codebook setting used when the measurement was performed
Figure 1 shows an exemplary illustration of a UE receiver with analogue beamforming
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To calibrate the UE, conceptually a known signal level is applied at TP, which is the reference point for SS-RSRP measurement. The baseband SS-RSRP is measured (eg in UE internal units of 10*log10(ADC_volts2) or any convenient unit) at the RF-baseband interface. The AGC setting is also noted. Since the signal level is known, a constant K dB may be determined which, for the given AGC setting, maps from the signal level at the TP to the corresponding UE internal baseband measurement.
When the UE experiences a signal in the field with the same AGC setting, it may apply the K value found in calibration to whatever internal baseband measurement it determines (which may or may not be the same as the internal measurement determined during calibration – for example there may be different interference conditions resulting in a different AGC setting, or the AGC anyway typically operates with finite steps) to obtain an estimate of the SS-RSRP (in dBm units at the reference point TP).
The factory calibration procedure then needs to be repeated at different AGC settings (for example exercising different LNA and analogue gain settings in the receiver strip) such that the suitable K value to use for different AGC settings becomes known. A practical calibration also corrects K for temperature of RF strip etc., but we do not go into these details here. The overall K may also in practice be split down into calibration of different sub-components within the receiver strip (such as LNAs, analogue gain stages, fixed insertion losses of components etc. which can either be known from design or estimated by applying different signals at TP and controlling the RF strip appropriately), again there is no need to go into such details for a generic description which will suffice for standardization purposes.
Another aspect is how to apply a signal at TP. Again, this does not need to be discussed in RAN4 since TP is the reference point for measurements. However, in practice the UE vendor will come up with a strategy such as an electrical test connector (test connectors operating at up to 100GHz are reported in the literature), or an OTA signal of known SSB_RP at the centre of the quiet zone from a known direction can be applied, for which the dBi gain of the antenna and losses to the right hand side of the TP are known. There are also various refinements to improve the accuracy of applying the test signal with known level in a production environment, but again we emphasise that this is for the UE manufacturer to address, and all we need to know from a standards point of view is that when there is a SS-RSRP signal at the measurement reference point of XdBm, the RSRP report is expected to be XdBm±tolerance where tolerance is the measurement accuracy already specified by RAN4, eg ±6dB.
Since the RRM test does not inject test signals at point TP (which is from a standards perspective internal to the UE – and indeed in the case of digital beamforming would be a virtual point rather than a physical point), the test equipment provides OTA signals of known level at the centre of the quiet zone (represented conceptually by the centre of the antenna array in figure 1).
The UE is required not to calibrate any gains (including beamforming gain) between the centre of the quiet zone and the measurement reference point. Thus, when beamforming gain is larger, the UE reports larger RSRP and when beamforming gain is smaller the UE reports smaller SS-RSRP. Similarly, according to measurement definition and discussion in RAN4#91, electrical losses are not calibrated between the centre of the quiet zone and the TP such that a device with larger electrical losses reports smaller SS-RSRP.
This means that the signal level range at the measurement definition reference point may be found by applying the minimum and maximum gain agreed by RAN4 in RAN4#91, since this is defined to account for all possible (i.e. allowable for a compliant implementation) beamforming and electrical gain/loss.
As an aside, we observe that the reference point for measurement definition is not the point where test signal are applied, and moreover that RRM side conditions such as minimum SS-RSRP are not applied at the measurement definition point but are applied at the point where OTA test signals are applied (center of QZ).
We then conclude that if the antenna gain in RAN4 is assumed to be in the range -G1 to +G2 dB and the absolute accuracy requirement is ±AdB then
Observation 1 : The relationship between applied SSB_RP at the QZ and measured value is
· The lowest acceptable SS-RSRP report in a measurement accuracy test is SSB_RP-G1-A
· The highest acceptable SS-RSRP report in a measurement accuracy test is SSB-RP+G2+A
· Event trigger thresholds for SS-RSRP becoming worse than a threshold should be run with the threshold set to SSB_RP+G2+A+Fm
· Event trigger thresholds for SS-RSRP becoming better than a threshold should be run with the threshold set to SSB_RP-G1-A-Fm
· Reselection tests depending on measured SS-RSRP being worse than a threshold should be run with the threshold set to SSB_RP+G2+A
· Reselection tests depending on measured SS-RSRP being better than a threshold should be run with the threshold set to SSB_RP-G1-A

Fm is an additional fading margin which does not need to be considered in measurement accuracy tests or reselection using AWGN test signals.
Having fully established the meaning of ideal RSRP, we turn our attention to the values for G1 and G2 in different cases, mostly focusing on the rough beam case (since rough beam is assumed for L3 RSRP measurement).
Maximum allowable gain, G2
One discussion on the maximum allowable gain in RAN4#91 was that this is limiting to UE implementation, We do not deny this aspect, however maximum allowable gain G2 needs to be specified because
1) No event triggered test with UE SS-RSRP becoming worse than a threshold can be specified as the UE may always measure an arbitrarily large SS-RSRP. While the majority of event triggered reporting tests are based on UE being above a threshold, there are examples for instance in test case A.7.1.1.1 the UE will not perform intrafrequency measurements in support of reselection unless measured SS_RSRP<SintrasearchP. If the UE can estimate arbitrarily large SS-RSRP there exists no way to set such a threshold
2) A UE with inaccurate baseband measurements can pass the SS-RSRP accuracy simply by adding an offset to its measured SS-RSRP so accuracy testing becomes meaningless if there is no upper bound on reported value.
3) RAN5 may encounter problems in defining signaling tests, for example interRAT handover to LTE, as it is never possible to have a condition on an NR cell being weak
4) A UE with extremely high gain also has an extremely directional measurement antenna. Such devices will not perform well unless the extremely high gain for measurements corresponds directly with very high gain for data reception. At any rates there are limits to beamforming schemes which are practical to use in handheld and mobile devices.
Proposal 1: The  upper limit (G2) of rough beam range of combination of beam antenna gain and implementation loss before combining for PC3 is confirmed as 20dB
Minimum allowable gain, G1 for power class 3
In peak beam direction this is agreed as -10dBi in RAN4#92. In our understanding this was derived  based on analysis of the refsens requirement, indicating that minimum fine beam antenna gain in the peak beam direction has been assumed to be 7dBi. Since there is a 2*YdB difference between fine and rough beams, the minimum rough antenna gain in the peak beam direction is -7dBi. A further 3dB margin is allowed for electrical losses between the quiet zone and the measurement reference point giving -10dB,
Proposal 2 : Minimum beam antenna and implementation gain (G1)  for rough beams in peak direction is -10dB for PC3
Since there is a 12.6dB difference between the PC3 refsens requirement and the PC3 spherical coverage requirement, the corresponding starting point for fine beam gain at the 50th percentile is -5.6dB. To convert to rough beam we apply -2*Z3-3 giving the corresponding value -22.6dB (just 12.6dB lower than proposal 2, since Y3=Z3).
Proposal 3 : Minimum beam antenna and implementation gain (G1) for rough beams in non-peak direction is -22.6dB for PC3
Specification impact
In this section we consider the specification impact. Our view is that since antenna gain is highly related to UE implementation it is sufficient to define the thresholds in reselection tests and event triggered reporting test, and the pass/fail criteria in SS-RSRP accuracy tests. As an example, in the intrafrequency SS-RSRP accuracy test (using setup 2 so non peak beam direction), the absolute accuracy pass/fail criteria can be captured as
A PC3 UE is deemed to pass the absolute accuracy requirement if the reported SSB_RP – 28.6dB ≤SS_RSRP ≤ SSB_RP + 26dB
Editors of reselection and event triggered reporting test cases should use a similar approach to capture relevant FR2 reselection or event trigger thresholds.
Proposal 4: Proposals 1-3 are used by section editors of FR2 reselection and event triggered reporting tests to derive thresholds
High SNR phase in SS-RSRP test case
It was discussed in RAN4#91 to introduce a test with high SNR, such that relative accuracy requirements are verified when the same cell is measured in subsequent phases of the test in more demanding conditions. The main discussion was about feasibility of high SNR. In a companion contribution we propose to increase the Io/channel BW side condition to -36dBm. With such modification there is no concern on the SNR and the high SNR phase may be introduced.
Proposal 5: High SNR test phase is introduced in the SS-RSRP accuracy test


Conclusions
Observation 1 : The relationship between applied SSB_RP at the QZ and measured value is
· The lowest acceptable SS-RSRP report in a measurement accuracy test is SSB_RP-G1-A
· The highest acceptable SS-RSRP report in a measurement accuracy test is SSB-RP+G2+A
· Event trigger thresholds for SS-RSRP becoming worse than a threshold should be run with the threshold set to SSB_RP+G2+A+Fm
· Event trigger thresholds for SS-RSRP becoming better than a threshold should be run with the threshold set to SSB_RP-G1-A-Fm
· Reselection tests depending on measured SS-RSRP being worse than a threshold should be run with the threshold set to SSB_RP+G2+A
· Reselection tests depending on measured SS-RSRP being better than a threshold should be run with the threshold set to SSB_RP-G1-A

Fm is an additional fading margin which does not need to be considered in measurement accuracy tests or reselection using AWGN test signals.

Proposal 1: The  upper limit (G2) of rough beam range of combination of beam antenna gain and implementation loss before combining for PC3 is confirmed as 20dB
Proposal 2 : Minimum beam antenna and implementation gain (G1)  for rough beams in peak direction is -10dB for PC3
Proposal 3 : Minimum beam antenna and implementation gain (G1) for rough beams in non-peak direction is -22.6dB for PC3
Proposal 4: Proposals 1-3 are used by section editors of FR2 reselection and event triggered reporting tests to derive thresholds
Proposal 5: High SNR test phase is introduced in the SS-RSRP accuracy test
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