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1 Introduction
The objectives for Beam correspondence in Rel-16 is stated in the FR2 UR RF requirement WI:

	· FR2 UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL reference signal (SSB or CSI-RS) configured by the network [RAN4]

· This work is started after RAN#84 when the Rel-15 Beam Correspondence requirements are completed

· UE capability for supporting SSB based on BC and/or CSI-RS based on BC will be further discussed in WI phase.

· These requirements are only valid from Rel-16 onwards


In Rel-15, beam correspondence requirement is specified assuming SSB and CSI-RS are both provided. In Rel-16, whether beam correspondence requirement can be fulfilled assuming only SSB or CSI-RS exists is raised, the consideration is that BS may not provide the corresponding RS.
This paper provides analysis on the beam correspondence requirement in Rel-16. 
2 Discussion
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. 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. 
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. 

In Rel-15, beam correspondence requirement is specified assuming SSB and CSI-RS are both provided, and they are in QCL type D relation. In the last RAN4 meeting, RMC for Rel-15 beam correspondence was agreed as in Table 1. The CSI-RS type is aperiodic and repetition is on. Therefore, beam correspondence requirement is verified under P3 procedure, which is used to refine beam according to the repeated DL beam in the same direction. 
Since QCL relation type D is configured, it is up to UE implementation to use SSB or CSI-RS on L1-RSRP measurement. Generally, SSB is configured to the UE periodically, while UE can only use SSB for sync up in time and frequency. For beam management, UE can only use CSI-RS for DL beam management in both P-1 and P-3 procedure. It is worth noting that, it is up to UE implementation whether rough beam or fine beam is used for P-1 procedure.
Table 1. CSI-RS parameters for beam management
	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

	
	34 for resource #4

	
	35 for resource #5

	
	36 for resource #6

	
	37 for resource #7

	powerControlOffset
	0

	powerControlOffsetSS
	db0

	nrofPorts
	1

	firstOFDMSymbolInTimeDomain
	6 for resource #0

	
	7 for resource #1

	
	8 for resource #2

	
	9 for resource #3

	
	10 for resource #4

	
	11 for resource #5

	
	12 for resource #6

	
	13 for resource #7

	cdm-Type
	noCDM

	density
	3

	nrofRBs
	48

	qcl-info
	Type D to SSB


Observation 1: Beam correspondence requirement shall be verified with fine beam.
Proposal 1: Beam correspondence requirement shall be verified under the CSI-RS configuration repetition=on.
2.1 Only CSI-RS is provided for DL Beam measurement

If only CSI-RS is provided for DL beam measurement, UE will use CSI-RS for both P-1 and P-3 procedure. For P-1 procedure, CSI-RS beam measurement is generally used for RRC-connected mode, and the repetition configuration is off, and the QCL relation would be none. UE is allowed to use rough beam to search for the best beam pair, which can improve the search beam faster. For P-3 procedure, CSI-RS measurement is used for refine the DL beam to improve DL signal quality based on the rough search results. Therefore, UE will definitely use the fine beam to search for the best DL beam. Although BS is generally configure CSI-RS QCL-ed to SSB, it is possible for BS to configured CSI-RS without QCL relation to SSB. With CSI-RS repetition on configuration, the UE shall support beam correspondence requirement.

Proposal 2: Beam correspondence requirement shall be verified under CSI-RS configuration repetition=on if only CSI-RS is provided for DL beam measurement.
2.2 Only SSB is provided for DL beam measurement
If CSI-RS is not configured for DL beam measurement, it is ambiguous on DL beam measurement especially for P-3 procedure. SSB is only configured periodically, while P-3 procedure is generally based on aperiodic CSI-RS. With periodically RS configuration, the repetition configuration can only configured as off. Therefore, there is no definitely fine beam measurement procedure if only SSB is provided for DL beam measurement, and UE do not need to satisfy the beam correspondence requirement.

Observation 2: UE do not need to meet the beam correspondence requirement if only SSB is provided for DL beam measurement.
Proposal 3: RAN4 do not specify the case that only SSB is provided for DL beam measurement for beam correspondence.
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 shall be verified with fine beam.
Proposal 1: Beam correspondence requirement shall be verified under the CSI-RS configuration repetition=on.

Proposal 2: Beam correspondence requirement shall be verified under CSI-RS configuration repetition=on if only CSI-RS is provided for DL beam measurement.

Proposal 3: RAN4 do not specify the case that only SSB is provided for DL beam measurement for beam correspondence.
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