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1 Introduction
Beam correspondence requirement for PC3 was approved in RAN4#91 meeting, 3dB is defined for Beam correspondence tolerance requirement. However, the side condition is still TBD in the spec. Without appropriate definition on side condition, UE may fail the beam correspondence test under low SNR.
This paper provides proposal on side condition definition for BC.

2 Discussion
2.1 Fine beam and Rough beam

RAN4 RRM session have agreement on Rough beam to enable fast RRM measurement, while it is also used for L1 RSRP measurement. Rough beam may have wider beam width or lower beam number. 
In the last RAN4 meeting, we have discussion on the testable SNR for BC, 6.4-19.4dB SNR is proposed in [1] since peak beam and the beam on 50% EIRP CDF may have different SNR upper bound. Where the 6.4-19.4dB SNR comes from the calculation with Refsens. It is common understanding that, Refsens defined in TS 38.101-2 is for fine beam, and RRM session also define the Refsens for rough beam with SNR difference. In Rx beam peak direction and any spherical coverage direction, gain difference between rough and fine beam (in SNR) should be <= 7dB. The different Refsens would cause 7dB reduction on testable SNR for fine beam and rough beam. 
For beam correspondence requirement, the ∆EIRP requirement is evaluated and simulated based on the fine beam on both downlink and uplink, so the beam correspondence requirement only applies for the fine beam. It shall be verified under fine beam.
Observation 1: Beam correspondence requirement only applies for the fine beam.

Proposal 1: Beam correspondence requirement is only verified for the fine beam.
2.2 RSRP error for BC

In the previous RAN4 meeting, RSRP error was assumed as normally distributed with (=2dB for simulating on ∆EIRP. Since the downlink RSRP measurement for beam management is defined as L1-RSRP, we need to focus on the L1-RSRP accuracy based on SSB or CSI-RS.

Since beam correspondence DL measurement procedure is to compare the difference of 2 beams, we think only relative error shall be considered for side condition. 
In the current TS 38.133, relative RSRP accuracy for FR2 L1-RSRP is defined as below, only normal condition shall be considered since BC requirement only applies for NTC:

Table 10.1.20.1.2-1: SSB based L1-RSRP relative accuracy in FR2

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 3
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	(6.5
	(9.5
	≥-3
	Same value as SSB_RP in Table B.2.4.1-2, according to UE Power class, operating band and angle of arrival
	-50

	NOTE 1:
Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.

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

NOTE 3:
Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.

NOTE 4:
In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.


Table 10.1.20.2.2-1: CSI-RS based L1-RSRP relative accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	CSI-RS Ês/Iot
	Io Note 1 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSCSI-RS
	dBm/BWChannel

	
	
	
	SCSCSI-RS = 60kHz
	SCSCSI-RS = 120kHz
	

	(6.5
	(9.5
	≥-3
	Same value as CSI-RS RP in Table B.2.4.2-2, according to UE Power class, operating band and angle of arrival
	-50

	NOTE 1:
Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter CSI-RS Ês/Iot is the minimum CSI-RS Ês/Iot of the pair of CSI-RS resources to which the requirement applies.

NOTE 3:
Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.

NOTE 4:
In the test cases, the CSI-RS Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.


It can be seen that 6.5dB relative error is defined for both SSB and CSI-RS, and the SNR is larger than -3dB. In the discussion in RRM session, 6.5dB is coming from baseband measurement error and RF margin. In which, RF part contributes 4dB and BB part contributes 1.5dB, while the fading channel contributes 1dB. For RF part, we still see possibilities that UE choose the best Rx beam on one panel and while the best Tx beam is on the other panel. Thus the RSRP measurement could be cross panels. Then the implementation margin cannot be cancelled and the RSRP measurement error caused by the intrinsic hardware variation shall be considered, where the hardware contributor will not change with SNR. Therefore we can see the RF contributor to RSRP error will be within ±3dB. For BB part, considering relative high SNR for BC test, the relative RSRP error can be considered as ±1dB(It actually depends on network configuration, e.g. the RS density, it will discuss in BC RMC). Fading channel condition is not related to RF test. Therefore, the total relative RSRP error for worst case would be ±4dB for 95% probability interval. 
Under SNR=-3dB condition defined in TS 38.133, delta EIRP would be much larger than 3dB if we use the simulation method provide in WF[1], it is because +-6.5dB error will cause big difference between 2 RSRP measurements even on the same beam or two beams within one panel, then the best UL beam will far from the corresponding beam. 
So we propose to assume RSRP error is normally distributed with (=2dB which is aligned with the simulation assumption for ∆EIRP. Considering 95% probability, the relative RSRP error for BC is ±4dB.

According to the latest discussion on the testable SNR for fine beam, the SNR for 50% CDF is 5.7-6.4dB and for peak direction is 18.8-19.4dB [2]. So we propose to define the side condition for BC with SNR≥5 dB, it is because 5 dB can used for the beams on 50% CDF grids, 1-2dB offset shall be provided for beam variation such as ∆RIB.
Proposal 2: RSRP measurement error is assumed normally distributed with (=2dB which is aligned with simulation assumption.

Proposal 3: RAN4 define the side condition for beam correspondence RF requirement with SNR≥ 5dB.
2.3 RMC for beam correspondence
For beam correspondence, SRS and CSI-RS configuration shall be added in the UL and DL RMC respectively. We provide the Draft CR for beam correspondence RMC in [3].
Proposal 4: The SRS and CSI-RS configuration for Beam correspondence RMC shall be added in TS 38.101-2.
3 Conclusion

In this contribution we discussed on the open issues on beam correspondence, according to the analysis, we have the following proposals:
Observation 1: Beam correspondence requirement only applies for the fine beam.

Proposal 1: Beam correspondence requirement is only verified for the fine beam.

Proposal 2: RSRP measurement error is assumed normally distributed with (=2dB which is aligned with simulation assumption.

Proposal 3: RAN4 define the side condition for beam correspondence RF requirement with SNR≥ 5dB.
Proposal 4: The SRS and CSI-RS configuration for Beam correspondence RMC shall be added in TS 38.101-2.
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