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1 Introduction
In RAN4#96e, requirements for Rel-16 beam correspondence have been agreed but the applicability rule is still open especially about the relation between SSB based BC and CSI-RS based BC [1]. 
	6.6.4.4
Applicability

For UEs supporting more than one type of beam correspondence, the following applicability rules apply:

-
If a UE meets beam correspondence requirements either based on SSB or based on CSI-RS, it is considered to have met the beam correspondence requirements based on SSB and CSI-RS.
-
Additional applicability rules TBD


Besides, for the CSI-RS based BC, the condition is agreed to be SSB’s PSD is backed-off by X dB from CSI-RS and the X is TBD.
This paper further discuss on these aspects.
2 Discussion
2.1 Applicability rules for UE support both SSB based and CSI-RS based BC
Regarding the test applicability rules, several views have been provided in previous meetings about whether UE is required to test SSB based BC and CSI-RS based BC if it supports both or only one of them is enough. To answer this question, we need to understand whether the two tests can be replaced by one or the other.
In [2], it was observed that the L1-RSRP measurement accuracy is same for different reference signals if the reference signal density and side conditions (SINR/power levels) are same. In [1], it can be seen that the side conditions are same for SSB based and CSI-RS based BC, reproduced below. The difference is the density of reference signals for BC tests.
Observation 1:       L1-RSRP measurement accuracy is same for different reference signals if the reference signal density and side conditions (SINR/power levels) are same.
Observation 2:       Side conditions are same for SSB based and CSI-RS based BC, the difference is the density of reference signals for BC tests.
Table 6.6.4.3.1-1: Conditions for SSB based L1-RSRP measurements for beam correspondence
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2
	SSB Ês/Iot

	
	
	dBm / SCSSSB
	dB

	
	
	SCSSSB = 120 kHz
	

	All angles Note 1
	n257
	-96.4
	≥6

	
	n258
	-96.4
	

	
	n260
	-92.1
	

	
	n261
	-96.4
	

	NOTE 1:
For UEs that support multiple FR2 bands, the Minimum SSB_RP values for all angles are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1.

NOTE 2:
Values specified at the radiated requirements reference point to give minimum SSB Ês/Iot, with no applied noise.


Table 6.6.4.3.1-2: Conditions for CSI-RS based L1-RSRP measurements for beam correspondence

	Angle of arrival
	NR operating bands
	Minimum CSI-RS_RP Note 2
	CSI-RS Ês/Iot

	
	
	dBm / SCSCSI-RS
	dB

	
	
	SCSCSI-RS = 120 kHz
	

	All angles Note 1
	n257
	-96.4
	≥6

	
	n258
	-96.4
	

	
	n260
	-92.1
	

	
	n261
	-96.4
	

	NOTE 1:
For UEs that support multiple FR2 bands, the Minimum CSI-RS_RP values are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1.

NOTE 2:
Values specified at the radiated requirements reference point to give minimum CSI-RS Ês/Iot, with no applied noise.


The definition of the CSI-RS can be calculated from the configuration of Table A.3.1-3 in 38.101-2 where the number of CSI-RS resource used is determined by maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand. In 38.331, the maxNumberRxBeam is from 2 to 8. Here we assume UE has max 8 beams. Therefore, the CSI-RS configured for beam correspondence is 2304 REs every 20ms in 100MHz CBW where 48RBs are configured CSI-RS.
Table A.3.1-3: CSI-RS parameters for CSI-RS based beam correspondence
	Resource Type
	aperiodic

	Resource Set Config
	

	repetition
	on

	aperiodicTriggeringOffset
	Depending on UE capability

	Resource Config
	

	nzp-CSI-RS-ResourceId
	30 for resource #0

	
	31 for resource #1

	
	32 for resource #2

	
	33 for resource #3

	
	…

	
	…

	
	…

	
	29+N for resource #(N-1), where N is maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand

	powerControlOffset
	0

	powerControlOffsetSS
	db0

	nrofPorts
	1

	firstOFDMSymbolInTimeDomain
	6 for resource #0

	
	7 for resource #1

	
	8 for resource #2

	
	9 for resource #3

	
	…

	
	…

	
	…

	
	5+N for resource #(N-1), where N=maxNumberRxBeam-1 in UE capability IE of MIMO-ParametersPerBand

	cdm-Type
	noCDM

	density
	3

	nrofRBs
	48 for channel bandwidth≥100MHz
32 for channel bandwidth=50MHz

	qcl-info
	Type D to SSB


To calculate the SSB resources that used for beam correspondence, the SSB format 4 is used for 120KHz SCS, and the periodicity is 20ms. Then there are 64 SSB in every SSB burst set, or 20ms period. If we further consider the reference signal that UE uses in SSB is only PSS and SSS, and without consider the DMRS in PBCH. Then all the REs that UE can use for RSRP measurement is 16256 every 20ms.
Comparing the RE resources that UE can use for the RSRP measurement it can be seen that the resource for CSI-RS based (without considering the SSB) is much smaller than the SSB based measurement. From this perspective, the CSI-RS based is more stringent than the SSB based beam correspondence.
Observation 3:       RSRP measurement resources for CSI-RS based (without considering the SSB) is much smaller than the SSB based measurement which makes CSI-RS based is more stringent than the SSB based beam correspondence
There is possibility that UE may still use the SSB in the CSI-RS based beam correspondence which makes the comparison more complex, however, this is just the issue we need to solve in determine the SSB power back off “X” value comparing to CSI-RS. By using relatively large value the impact of SSB in CSI-RS based beam correspondence can be void.
Observation 4:       Proper choose the SSB power back off value comparing to CSI-RS can make the impact of SSB in CSI-RS based beam correspondence be neglected.
Further considering the long FR2 test time and the demand to avoid double testing costs, it is proposed to only test CSI-RS based beam correspondence for UEs that support both SSB based and CSI-RS based beam correspondence. And further set proper SSB power back off value to minimize the impact of SSB in CSI-RS based beam correspondence.
Proposal 1:              It is proposed to only test CSI-RS based beam correspondence for UEs that support both SSB based and CSI-RS based beam correspondence.
2.2 SSB power back off value in CSI-RS based BC tests
In last meeting discussion the candidate “X” values are as below, in which the values are claimed based on the field experience. As pointed out in last meeting, the field experience, testability both needs to be considered. Within the testability scope relatively larger value should be considered to minimize the impact of SSB to CSI-RS based beam correspondence and finally further replace SSB based BC test with CSI-RS based BC test.
	The choice of X in Alt 2-1-1-1

· Proposals

· Alt 2-1-2-1: 3 dB

· Alt 2-1-2-2: 7-9 dB

· Alt 2-1-2-3: Further study is needed


Therefore, from the consideration of proposal 1 above, the 7-9 dB back off should be considered and also sent to RAN5 for the testability further evaluation.

Proposal 2:              It is proposed to adopt 7-9dB as the initial value and sent to RAN5 for further testability evaluation and the largest value will be adopted with the consideration of proposal 1 above.
3 Conclusion
2.1 Applicability rules for UE support both SSB based and CSI-RS based BC
Observation 1:       L1-RSRP measurement accuracy is same for different reference signals if the reference signal density and side conditions (SINR/power levels) are same.
Observation 2:       Side conditions are same for SSB based and CSI-RS based BC, the difference is the density of reference signals for BC tests.
Observation 3:       RSRP measurement resources for CSI-RS based (without considering the SSB) is much smaller than the SSB based measurement which makes CSI-RS based is more stringent than the SSB based beam correspondence
Observation 4:       Proper choose the SSB power back off value comparing to CSI-RS can make the impact of SSB in CSI-RS based beam correspondence be neglected.
Proposal 1:              It is proposed to only test CSI-RS based beam correspondence for UEs that support both SSB based and CSI-RS based beam correspondence.
2.2 SSB power back off value in CSI-RS based BC tests
Proposal 2:              It is proposed to adopt 7-9dB as the initial value and sent to RAN5 for further testability evaluation and the largest value will be adopted with the consideration of proposal 1 above.
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