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1 Introduction
WF[1] on Beam correspondence requirement enhancement in Rel-16 was approved in RAN4 #92bis:

	· BC based on SSB only
· The SSB configuration from Rel-15 is reused

· Study performance difference of BC based on SSB only vs. BC based on CSI-RS only

· BC based on CSI-RS only
· Assumption on the CSI-RS configuration

· The table itemizes the parameters which will be updated relative to the Rel-15 configuration

· All other configuration parameters related to CSI-RS are reused from Rel-15

· Once the CSI-RS configuration is stable:

· Calculate the SNR corresponding to the configuration

· Specify the side conditions

· The PSD of the RS is equalized to match SNR conditions of the Rel-15 requirement

· Open issues
· If we do not reuse CSI-RS periodicity from Rel-15, then new values for this parameter are needed

· The definition of QCL info is FFS

· SSB configuration is FFS

· How to ensure that the UE has to perform BC based on the reference signal that is configured to it instead of e.g. using SSB for CSI-RS only based BC


This paper provides analysis on the beam correspondence requirement in Rel-16. 
2 Discussion
2.1 BC based on SSB only
Rough beam and its performance has already been specified in TS 38.133. For PC3, the DL gain difference between fine and rough beams is 7dB on both peak and spherical coverage direction. The requirements can be seen as below: 
Table B.2.1.3.1-1: Gain difference Y between fine and rough beams, Rx beam peak direction

	Value “Y” in dB, for each UE Power class

	1
	2
	3
	4

	FFS
	9.0
	7.0
	FFS


Table B.2.1.3.2-1: Gain difference Z between fine and rough beams, Spherical coverage directions

	Value “Z” in dB, for each UE Power class

	1
	2
	3
	4

	FFS
	9.0
	7.0
	FFS


In Rel-15, the side condition for beam correspondence was agreed as SNR≥6dB under “repetition=on” configuration (P3 CSI-RS). The P3 CSI-RS is used for beam refinement after beam pair is matched under P1 procedure either under SSB or CSI-RS. For SSB only beam correspondence, CSI-RS would not be configured to UE for either P1 or P3. Since the SSB configuration is not defined in TS 38.101, BC measurement would use the SSB configuration in TS 38.508: 1 SSB is configured to the UE with 20ms periodicity. As discussed in the last meeting, there is actually a performance difference between rough beam and fine beam, and it actually cannot be compensated by SNR condition (PSD condition). Assume UE use less beam number to implement the fast beam search procedure, the UE may miss the best DL beam, it can be seen in Fig1. Assume UE use 4 rough beams to cover the whole sphere and TE sends DL beam direction as in Fig 1(left), the UE’s rough beams deviates from the best DL beam which leads to worse beam correspondence performance. As seen in Fig 1(right), the UE form the beam which points to the DL beam direction which leads to better BC performance. But this figure can only reflects the test condition but not the real communication environment, thus even UE’s corresponding UL beam deviates from the DL beam, it doesn’t mean UE cannot fulfill the beam correspondence performance in real network. It is because only 1 SSB in the burst for each 20ms periodicity is provided in the test, while there can be 64 SSB provided in the real network (Fig 1 middle). Under such case, even we increase the SNR condition for the DL beam, the UE cannot fulfill the beam correspondence since it is limited by beam direction and SSB number. 
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Fig 1. Rough beam search may miss the best DL beam
Observation 1: For SSB configuration with single AOA, the UE using rough beam cannot fulfill the RF requirement of beam correspondence defined in the current spec even side condition on SNR is increased.
Therefore, if we define the SSB only BC test, the BC RF requirement need to be redefined accordingly. 3dB degeneration shall be provided for the limitation on SSB number in the RF test and the rough beam usage to make beam searching faster. The proposed RF requirement definition are as below:

· If [bit-1], the UE shall meet the minimum EIRP requirement with 3dB tolerance for both peak direction and 50% CDF directions. Such a UE is considered to have met the beam correspondence tolerance requirement.

· If [bit-0], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with uplink beam sweeping.  Such a UE shall meet the beam correspondence tolerance requirement defined in Clause 6.6.4.2 and shall support uplink beam management, as defined in TS 38.306 [14].
Table 6.6.4.2-1: UE beam correspondence tolerance for power class 3

	Operating band
	Max ∆EIRPBC at 85th %-tile ∆EIRPBC CDF (dB)

	n257
	[6.0]

	n258
	[6.0]

	n260
	[6.2]

	n261
	[6.0]

	NOTE:
The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1


Proposal 1: For SSB only based BC, 3dB degeneration for both bit 1 and bit 0 UEs on Beam correspondence requirement shall be provided. 
The side condition for SSB only based BC shall comply with the definition in TS 38.331, thus SNR shall be larger than or equal to 13dB (6+7).

Proposal 2: the side condition for SSB only based beam correspondence shall be SNR≥ 13dB which comply with TS 38.133.
2.2 BC based on CSI-RS only
If only CSI-RS is provided for DL beam measurement, CSI-RS would be configured to the UE for both P1 and P3. For P1 procedure, CSI-RS beam measurement is similar with SSB based P1, UE is allowed to use rough beam to search for the best beam pair. 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. It is possible for BS to configure CSI-RS without QCL relation to SSB. With CSI-RS repetition on configuration, the UE shall support the beam correspondence requirement. It is worth noting that, it is up to UE implementation whether rough beam or fine beam is used for P-1.

In the WF[1], some example CSI-RS configuration is provided, the specific configuration is proposed as below: the P1 is configured with CSI-RS and no QCL relation, P3 is configured with CSI-RS and QCLed to P1 resource.
Table 1: CSI-RS parameters for beam correspondence

	Resource Type
	periodic
	aperiodic

	Resource Set Config
	
	

	repetition
	off
	on

	aperiodicTriggeringOffset
	n/a
	Depending on UE capability

Periodic and aperiodic CSI-RS are not configured in the same slot

	Resource Config
	
	

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

	powerControlOffsetSS
	db0
	db0

	nrofPorts
	1
	1

	firstOFDMSymbolInTimeDomain
	5 for resource #0
	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
	noCDM

	density
	3
	3

	nrofRBs
	48 for channel bandwidth ≥ 100MHz

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

32 for channel bandwidth = 50MHz

	qcl-info
	none
	all AP-CSI-RS resources are TypeD to P-CSI-RS resource#0

	Periodicity(slots)
	Slot80
	N/A

	Offset
	8
	N/A


Proposal 3: For CSI-RS only based Beam correspondence, both periodic and aperiodic CSI-RS shall be provided to the UE, the exact configuration is as in Table 1.
Proposal 4: the side condition for CSI-RS only based beam correspondence shall be SNR≥ 6dB.
2.3 Beam correspondence test procedure
Firstly, it is valid scenario that UE support Rel-16 BC and UE is Rel-15 BC bit-0 UE, the reason is as following:

· Beam correspondence tolerance requirement ∆EIRP is not caused by the specific RS signal configuration, it comes from the DL measurement accuracy and the mismatch on UL and DL. Since there is no enhancement requirement on measurement in RRM session and the UL/DL mismatch exists in nature, ∆EIRP shall be allowed for both Rel-15 and Rel-16 UEs.
· In the FR2 requirement enhancement WID, the BC enhancement is focused on SSB or CSI-RS configuration. It means the requirement is kept while the configuration and side condition may be enhanced accordingly.

Proposal 5: It is valid scenario that UE support Rel-16 BC and UE is BC bit-0 UE.
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: For SSB configuration with single AOA, the UE using rough beam cannot fulfill the RF requirement of beam correspondence defined in the current spec even side condition on SNR is increased.

Proposal 1: For SSB only based BC, 3dB degeneration for both bit 1 and bit 0 UEs on Beam correspondence requirement shall be provided.

Proposal 2: the side condition for SSB only based beam correspondence shall be SNR≥ 13dB which comply with TS 38.133.
Proposal 3: For CSI-RS only based Beam correspondence, both periodic and aperiodic CSI-RS shall be provided to the UE, the exact configuration is as in Table 1.

Proposal 4: the side condition for CSI-RS only based beam correspondence shall be SNR≥ 6dB.

Proposal 5: It is valid scenario that UE support Rel-16 BC and UE is BC bit-0 UE.
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