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1 Introduction
In last meeting, this issue was raised but not yet reached conclusion [1]. In this paper, we provide the background of the current requirement and propose a solution for FR2 inter-frequency relative RSRP accuracy. 
2 Discussion
For the inter frequency relative RSRP accuracy in FR2, there are two test cases in TS 38.133:
· A.5.7.1.2 EN-DC inter-frequency case measurement accuracy with FR2 serving cell and FR2 target cell
· A.7.7.1.2 SA inter-frequency case measurement accuracy with FR2 serving cell and FR2 target cell

We will take A.5.7.1.2 as an example to illustrate the accuracy uncertainty issues caused by 1) different beam type and 2) different frequency. The current test requirement for this SS-RSRP relative accuracy is provided for reference, as in Table A.5.7.1.2.3-2. 

Table A.5.7.1.2.3-2: SS-RSRP relative accuracy test requirement
	
	Test requirement Notes1,2,3,4

	Cell 3 – Cell 2
	SSB_RP3 - SSB_RP2 -δ ≤ Reported RSRP(dB) ≤ SSB_RP3 - SSB_RP2 +δ –(X)

	Note 1: 	SSB_RPn is the equivalent power received by an antenna with 0dBi gain at the centre of the quiet zone configured in the test for the cell n under consideration
Note 2: 	δ is the RSRP relative accuracy requirement from Table 10.1.5.1.2-1
Note 3: 	Void 
Note 4: 	X is the Spherical coverage gain difference in dB, derived as (UE Refsens - UE Spherical coverage) from TS 38.101-2 [19] clauses 7.3.2 and 7.3.4, selected according to the UE power class and operating band. X is always a negative value.



1) Uncertainty caused by different Beam type
According to test parameters in Table A.5.7.1.2.2-2, Cell 2 (the serving cell) is at AoA1 which is randomly picked from the subset of angles which fulfils the spherical coverage requirement, while Cell 3 (neighboring cell) is at AoA2 along the Rx beam peak direction. 

Table A.5.7.1.2.2-2: SS-RSRP inter-frequency OTA related test parameters
	Parameter
	Config
	Unit
	Test 1
	Test 2

	
	
	
	Cell 2
	Cell 3
	Cell 2
	Cell 3

	Angle of arrival configuration
	1~4
	
	Setup 4b according to clause A.3.15.4.2
	Setup 4b according to clause A.3.15.4.2

	
	
	
	AoA1 
Spherical coverage
	AoA2 
Rx Beam Peak
	AoA1 
Spherical coverage
	AoA2 
Rx Beam Peak



Note that, the beam peak direction is determined based on fine beam assumption during EIS 3D scan, and it is not the beam peak for rough beam which is used for L3 measurement as for SS-RSRP. On the other hand, since AoA1 is randomly picked from the spherical coverage (based on fine beam), it is possible that UE may achieve worse rough beamforming gain at AoA2 (i.e. at the fine beam peak) than at AoA1 (selected from spherical coverage), as illustrated in Figure 1.
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[bookmark: _Ref71053605]Figure 1. One example that the beam forming gain may be higher at AoA1 than at AoA2

[bookmark: _Ref78398260][bookmark: _Ref79000625][bookmark: _Ref71054841]Observation 1: In the FR2 inter-frequency RSRP relative accuracy test, the beam peak AoA2 for Cell 3 is based on fine beam, while SS-RSRP measurement can be conducted by rough beam. 
[bookmark: _Ref79000463]Observation 2: UE may achieve worse rough beamforming gain at AoA2 (i.e. at the fine beam peak) than at AoA1 (selected from spherical coverage).

2) Uncertainty caused by different Frequency layer
Furthermore, in this inter-frequency test, Cell 2 and Cell 3 are selected from 2 different frequency layers, where the antenna gains could be different at different frequencies, especially for different bands. For example, Cell 2 from AoA1 (spherical coverage) is on f1 while Cell 3 from AoA2 (beam peak) is on f2, and then the antenna gain on f1 could be higher than that on f2. 

In order to fulfil the current test requirement, UE is mandated to equalize the antenna gain between 2 frequencies or even 2 bands. Such a UE implementation does not seem to honestly reflect the exact signal power level difference experienced by UE. We believe that during Rel-15, the discussion was mainly focused on intra-band scenarios. There was no attention paid on how the requirement should be applied for inter-band scenarios. 
[bookmark: _Ref78398261][bookmark: _Ref71054849]Observation 3: Current SS-RSRP relative accuracy test requirement mandates UE to equalize the antenna gain difference between 2 frequencies or even 2 bands, which seems not well-discussion in Rel-15.
	

	

Measurement and Solution
To evaluate the problem found in the above observations, one rough beamforming gain measurement result is provided in Table 1, for different frequency layers at 1) rough beam gain of 50% tile and 2) at the rough beam peak.

[bookmark: _Ref78373622]Table 1. Array gain in different frequency layer
	
	24.25 GHz
	27.5 GHz
	29.5 GHz
	37 GHz
	29.5 GHz
	43.5 GHz

	1) Rough beam gain of 50% tile (dBi), which could be used as fine beam peak as AoA2 
	-3.67
	-2.1
	-4.47
	-2.92
	-2.48
	-4.88

	2)Rough beam gain @ rough beam peak (dBi), which could be used as fine beam spherical coverage as AoA1
	4.59
	5.28
	3.52
	6.12
	6.71
	3.57



As mentioned in Observation 1, the AoA1 (fine beam spherical coverage) in the current test could be unfortunately aiming to the rough beam peak as 2) with up to 6.71 dB antenna gain, and the AoA2 (fine beam peak) could be also unfortunately aiming to the rough beam gain of 50% tile with antenna gain of -4.88 dB. As a result, the worst case cross different frequency layers in Table 1, the gain difference comes to -11.59, as -4.88 vs. 6.71. 

However, the rough beam gain observed at AoA2 (fine beam peak) may not be as worse as at rough beam gain of 50% tile as shown in 1) in Table 1. In general, the beamforming gains of fine and rough beams still have some dependence, because they are received by the same set of antenna. Thus the gain difference could be smaller. Thus, on the lower bound for the SS-RSRP relative accuracy, we propose a margin of 9 dB, which is smaller than worse case of 11.59dB as shown in Table 1.

[bookmark: _Ref71139060]Proposal 1: For the test case of FR2 inter-frequency relative RSRP accuracy, to add 9 dB margin in the lower bound.
	
	Test requirement Notes1,2,3,4

	Cell 3 – Cell 2
	SSB_RP3 - SSB_RP2 -9 -δ ≤ Reported RSRP(dB) ≤ SSB_RP3 - SSB_RP2 +δ –(X)

	Note 1: 	SSB_RPn is the equivalent power received by an antenna with 0dBi gain at the centre of the quiet zone configured in the test for the cell n under consideration
Note 2: 	δ is the RSRP relative accuracy requirement from Table 10.1.5.1.2-1
Note 3: 	Void 
Note 4: 	X is the Spherical coverage gain difference in dB, derived as (UE Refsens - UE Spherical coverage) from TS 38.101-2 [19] clauses 7.3.2 and 7.3.4, selected according to the UE power class and operating band. X is always a negative value.



3 Summary
In this paper, we raise the issue we found in current test requirements for FR2 SS-RSRP relative accuracy test cases (A.5.7.1.2 and A.7.7.1.2). We have the following observations and proposals.
Observation 1: In the FR2 inter-frequency RSRP relative accuracy test, the beam peak AoA2 for Cell 3 is based on fine beam, while SS-RSRP measurement can be conducted by rough beam.
Observation 2: UE may achieve worse rough beamforming gain at AoA2 (i.e. at the fine beam peak) than at AoA1 (selected from spherical coverage).
Observation 3: Current SS-RSRP relative accuracy test requirement mandates UE to equalize the antenna gain difference between 2 frequencies or even 2 bands, which seems not well-discussion in Rel-15.
Proposal 1: For the test case of FR2 inter-frequency relative RSRP accuracy, to add 9 dB margin in the lower bound.
	
	Test requirement Notes1,2,3,4

	Cell 3 – Cell 2
	SSB_RP3 - SSB_RP2 -9 -δ ≤ Reported RSRP(dB) ≤ SSB_RP3 - SSB_RP2 +δ –(X)

	Note 1: 	SSB_RPn is the equivalent power received by an antenna with 0dBi gain at the centre of the quiet zone configured in the test for the cell n under consideration
Note 2: 	δ is the RSRP relative accuracy requirement from Table 10.1.5.1.2-1
Note 3: 	Void 
Note 4: 	X is the Spherical coverage gain difference in dB, derived as (UE Refsens - UE Spherical coverage) from TS 38.101-2 [19] clauses 7.3.2 and 7.3.4, selected according to the UE power class and operating band. X is always a negative value.
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