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1. Introduction
The issue of adding additional margin to TC for inter-frequency relative RSRP accuracy in FR2 was discussed in previous RAN4 meetings. In the last meeting, the issues was discussed but without consensus. In this paper, we provide our views on this issue about whether and how to add additional margin of this TC.
2. Discussion
The issue was brought up and discussed in RAN4#99e and RAN4#100e meetings [1] [2]. As elaborated in the discussion papers, in the test cases for FR2 inter-frequency relative RSRP accuracy (A.5.7.1.2 and A.7.7.1.2), based on existing test configurations, UE may fail the test unfairly due to some factors which maybe not well considered in Rel-15, e.g. beam misalignment, gain difference. 
We take A.7.7.1.2 for example. In the test configuration, there are two cell configured, Cell1 (PCell) and Cell2 (neighbour cell) on a different frequency. The AoA setup is configured as follows: AoA 1 is aligned to the UE Rx beam peak direction as defined in TS 38.101-2, and AoA2 is aligned to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2
	Parameter
	Config
	Unit
	Test 1
	Test 2

	
	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2

	Angle of arrival configuration
	1~2
	
	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

	Assumption for UE beamsNote 7
	1~2
	
	Rough
	Rough



The test requirements to verify the relative accuracy is shown as follows:
Table A.7.7.1.2.3-2: SS-RSRP relative accuracy test requirement
	
	Test requirement Notes1,2,3,4

	Cell 2 – Cell 1
	SSB_RP2 - SSB_RP1 -δ ≤ Reported RSRP(dB) ≤ SSB_RP2 - SSB_RP1 +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.



As explained in [1] [2] and in the email discussion, there could be two factors will may contribute to the uncertainty of relative accuracy:
1. Mis-alignment between fine and rough beams
2. Antenna gain on different bands
The motivation of the test requirements as described in Table A.7.7.1.2.3-2 is to make sure that the RSRP difference will be located within [SSB_RP2 - SSB_RP1 –δ, SSB_RP2 - SSB_RP1 +δ –(X)] to verify whether the relative RSRP accuracy requirements are fulfilled. Looking at the lower band of the test requirements, it assumes that SSB_RP2 is always larger than SSB_RP1 as SSB_RP2 is derived from the Rx beam peak direction and SSB_RP1 is obtained from spherical coverage direction. As discussed in the last meeting, the AoA1 and AoA2 are obtained from fine beam scanning, and it is possible that AoA2 may not be the beam peak of rough beam. Considering the worst case, AoA2 is aligned with the rough spherical coverage direction and AoA1 is aligned with the rough RX peak direction. From our understanding, it may be not some good implementation. But as commented by companies, the factor 2 (gain difference on different frequency/bands) will also contribute to the uncertainty, which may lead to negative value of SSB_RP2-SSB_RP1. 
Observation 1: Misalignment of rough beam peak and fine beam peak and gain difference among different frequencies may lead to that the received power from AoA2 is lower that the power from AoA1. 
During the previous discussions, the discussion is only focused on the left side of the equation which is the lower bound of the relative RSRP difference. However, from our understanding, the right side of the equation should also be reconsidered which is defined as the upper bound of the RSRP difference. Take the simple case that SSB_RP2 is equal to SSB_RP2. According to the current test configurations, it is expected that the reported RSRP difference shall be lower than δ –(X). X is the Spherical coverage gain difference in dB, derived as (UE Refsens - UE Spherical coverage) from TS 38.101-2 clauses 7.3.2 and 7.3.4, selected according to the UE power class and operating band. X is always a negative value. It is assumed that –X is the largest gain difference from peak direction and spherical coverage direction according to the selected band. However, according to the definition in TS 38.101-2, Refsens is the minimum requirement of EIS from RX peak direction, and UE spherical coverage is derived as the 50th % of CCDF of EIS from spherical coverage. The difference of these two value doesn't necessarily mean the largest gain difference between RX peak direction and coverage direction. For instance, UE can have lower EIS at RX peak direction which will lead to the result that the gain difference exceeds –(X). Besides, the measured RSRP results are assumed to be obtained via rough beam. The gain difference Y and Z defined in B.2.1.3 shall also be considered. For instance, if we assumed that gain difference for fine peak is – X dB. The gain from AoA2 rough peak direction shall be within Y dB of the gain from fine beam peak direction, and the gain from AoA 1 rough spherical coverage direction shall be within Z dB of the gain from fine beam spherical coverage direction. If the gain at rough peak direction is closer to the gain of fine beam peak, it means the maximum difference could be –X + Y dB. 
[image: ]
Fig.1 Maximum gain difference between AoA2 and AoA1
Observation 2: The maximum RSRP difference (SSB_RP2 – SSB_RP1) could be larger than – X as defined in the test requirements.
Based on the analysis above, both the lower bound and upper bound the reported RSRP difference should be reconsidered.
Proposal 1: Both the lower bound and upper bound of the reported RSRP difference in the test requirements should be reconsidered.
For the lower bound of the RSRP difference, as discussed in previous meetings, companies proposed 9 dB margin to allow the uncertainty caused by above two factors. And during the discussion in last meeting, companies commented that the additional margin could be defined for intra-band and inter-band separately. From our understanding, it is reasonable to have this 9dB margin to the lower band in the test requirements. And whether to have a smaller margin for intra-band case should be further investigated. 
For the upper bound, as analysis above, -X is also not enough to cover all possible uncertainty in the test cases. Regarding the gain difference among different bands, -X has already consider the impact of different bands in some degree. And due to the possible maximum gain difference between rough beam peak and rough beam spherical coverage, it is suggested to consider additional margin in the upper bound of test requirements for FR2 inter-frequency relative RSRP accuracy.
Proposal 2: RAN4 to discuss whether to have additional margin in the upper bound of test requirements for FR2 inter-frequency RSRP accuracy. Consider additional margin of Y dB as starting point.
3. Conclusions
Observation 1: Misalignment of rough beam peak and fine beam peak and gain difference among different frequencies may lead to that the received power from AoA2 is lower that the power from AoA1. 
Observation 2: The maximum RSRP difference (SSB_RP2 – SSB_RP1) could be larger than – X as defined in the test requirements.
Proposal 1: Both the lower bound and upper bound of the reported RSRP difference in the test requirements should be reconsidered.
Proposal 2: RAN4 to discuss adding additional margin in the upper bound of test requirements for FR2 inter-frequency RSRP accuracy. Consider additional margin of Y dB as starting point.
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