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1.
Introduction

RAN4 has received an LS from RAN5 in R5-186165 [1], relating to the difficulty of designing RAN5 Signalling test cases for FR2, based on the existing UE requirements in TS 38.133 [2]. This discussion paper looks at some typical scenarios which need to be tested, and asks for some clarifications about the UE.  
We also consider a small change to the UE requirements which could make the scenarios testable.
2.
Signalling Test scenarios 
Typical examples of Signalling Test scenarios are:

· UE Event-triggered reporting with signalled absolute thresholds

· UE Event-triggered reporting with multiple cells

· UE Event-triggered reporting with multiple frequencies

2.1 Event-triggered reporting with signalled absolute thresholds
Consider a signalling test to check that the UE can correctly report that the serving cell is above a threshold (Event A1) or below a threshold (Event A2):
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Figure 1: Dynamic range required to test above and below a threshold

For the test to give a reliable verdict on the UE, uncertainties need to be taken into account. The key uncertainties for this type of test are:

· UE Intra-frequency SS RSRP absolute accuracy requirement, from TS 38.133 [2] Table 10.1.3.1.1-1
· UE FR2 antenna gain: the range is undefined, indicative values taken from R4-1812085 [3]  

· Test system DL level uncertainty, EIS value taken from TR 38.810 [4] Table B.1.1.3-2
It can be seen from the diagram that the test system downlink levels must be separated by about 35dB. For over-the-air testing in FR2, this dynamic range is not achievable in practice.
UE Event-triggered reporting with multiple cells and UE Event-triggered reporting with multiple frequencies have similar issues, but need not be discussed in detail here.
3.
Calibration methods and UE requirements 

To implement the required signalling test cases, RAN5 has been considering methods to reduce the effect of the key uncertainties and to reduce the dynamic range required from the test system.
We note that in a specific signalling test case, the angle of arrival and the frequency of the downlink carriers do not change (some test cases may use more than one carrier frequency). For the three uncertainties considered in section 2, it is likely that many components keep the same actual value during the test. The dynamic range required from the test system could for example be reduced by a test procedure which establishes the mapping between the test system’s downlink level setting and the UE-reported RSRP.
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Figure 2: Applied EPRE and UE-reported RSRP

Figure 2 shows the relationship between applied EPRE (energy per resource element) and UE-reported RSRP. For clarity, this diagram shows only uncertainties related to the UE itself. We note the following:
· For applied EPREA, the reported RSRP can be anywhere over the range shown

· The range of reported RSRP depends on the (currently undefined) UE antenna gain

· For applied EPREA, we can record the reported RSRPA at that frequency and Angle of Arrival

Figure 2 also shows another applied EPREB, and the associated UE-reported RSRPB. The frequency and the Angle of Arrival are unchanged, so the key point is whether the mapping between EPREA and RSRPA can be used to predict RSRPB for EPREB.
This is basically a question about the linearity of RSRP versus EPRE, shown by the shaded area in Figure 2 containing point A and point B, and referred to in the LS from RAN5 [1] as “RSRP linearity uncertainty”.
It is accepted that the linearity of RSRP versus EPRE will not be perfect, as indicated by the red arrows “+/-ydB” in Figure 2. The value of “y” has been discussed before in relation to Beam Peak search in R4-1808612 [5], where the angle of arrival was varying. However in RAN5 signalling test cases the angle of arrival does not vary.
TS 38.133 [2] specifies the SS RSRP Intra frequency relative accuracy in clause 10.1.3.1.2:

10.1.3.1.2
Relative SS RSRP Accuracy

The relative accuracy of SS RSRP is defined as the SS RSRP measured from one cell compared to the SS RSRP measured from another cell on the same frequency.
The accuracy requirements in Table 10.1.3.1.2-1 are valid under the following conditions:
-
Conditions for intra-frequency measurements are fulfilled according to Annex B.2.2 for a corresponding Band for each relevant SSB,
-
Other conditions are TBD.
Table 10.1.3.1.2-1: SS RSRP Intra frequency relative accuracy

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups 
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/120kHz SSB SCS 
	dBm/240kHz SSB SCS
	dBm/BWChannel
	dBm/BWChannel

	([6]
	([9]
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.


As shown by the turquoise highlight, the relative accuracy is specified as the SS RSRP measured from one cell compared to the SS RSRP measured from another cell on the same frequency. This does not cover the scenario for relative accuracy between two RSRP levels measured on the same cell. However, the relative accuracy from another cell must include linearity.
We also note that the currently specified intra-frequency relative accuracy applies anywhere provided both cells are within the side conditions. The linearity error between any two levels will therefore be ≤[6]dB in normal conditions.       

· Question 1: Can the relative accuracy between any two levels of the same cell be taken as ≤[6]dB?
· Question 2: For a fixed Angle of Arrival and frequency, can UE antenna gain:
· ..be assumed constant?
· ..or is any change included within the SS RSRP accuracy?
· Proposal 1: The Relative SS RSRP Accuracy can also be applied between any two SS RSRP levels measured on the same cell
10.1.3.1.2
Relative SS RSRP Accuracy

The relative accuracy of SS RSRP is defined as the SS RSRP measured from one cell compared to the SS RSRP measured from another cell on the same frequency, or between any two SS RSRP levels measured on the same cell.
4.
Test system linearity 

Using the process described in section 3, most of the Test system DL level uncertainty ±[6.7]dB can also be calibrated out at the same time, leaving only the Test system linearity. The detail of this is a matter for RAN5, but the success of the overall method depends on the UE antenna gain being constant or its change being included within the SS-RSRP accuracy for a fixed Angle of Arrival and frequency, as mentioned in Question 2.
5.
UE use of coarse and fine beams 

During RAN4#88bis, there was discussion about the UE’s usage of coarse and fine beams in the context of RRM test cases – for example, a UE might use a coarse beam to search for neighbour cells, but a fine beam when receiving data from the serving cell.
In for example Event A3 (Neighbour becomes offset better than SpCell) the UE may have used different beams/codebooks to estimate the RSRP of Neighbour cell and SpCell. However, for the network to work correctly the UE needs to compare the cells on a fair basis, so it is assumed that any effects of different UE Rx beams are included in the specified RSRP accuracies.

· Question 3: Are effects of using different UE Rx beams included in the specified RSRP accuracies?
6.
Benefits of being able to use calibration 

If Questions 1, 2 and 3 can be answered yes, and Proposal 1 is endorsed, it becomes possible to design RAN5 Signalling test cases for FR2 using SS-RSRP calibration methods. 
Figure 3 shows the scenario for UE Event-triggered reporting with signalled absolute thresholds, which could then be tested with a realistic dynamic range.
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Figure 3: Reduced dynamic range requirement if Questions 1, 2 and 3 can be answered “yes”
7.
Way Forward
RAN4 is asked to reply to the three questions below, and to endorse Proposal 1:

· Question 1: Can the relative accuracy between any two levels of the same cell be taken as ≤[6]dB?
· Question 2: For a fixed Angle of Arrival and frequency, can UE antenna gain:
· ..be assumed constant?
· ..or is any change included within the SS RSRP accuracy?
· Question 3: Are effects of using different UE Rx beams included in the specified RSRP accuracies?
· Proposal 1: The Relative SS RSRP Accuracy can also be applied between any two SS RSRP levels measured on the same cell
A 38.133 CR for Proposal 1 is provided in R4-1814658 [6].
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