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1 Introduction
In Rel-16, the enhancement of beam correspondence is discussed. At the last RAN4 meeting, the WF on BC based on SSB was approved in [1]: 

	WF1: Beam correspondence requirement based on SSB-only
·  Whether BC based on SSB-only requirement is feasible:
· Yes, but need an applicability rule to minimize increase in test cases and test time compared with Rel-15
· how to define the applicability rule for peak direction:
· A single beam peak direction shall be chosen for other UL tests based on Rel-15 vs Rel-16 test-skipping rule:
· FFS on the detail procedure
· how much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present
· Option 1: Is feasible with ∆p = 0 dB
· Option 2: Is feasible with 0 < ∆p ≤ 3 dB
· Side condition for BC based on SSB-only
· SSB min SNR level=6dB
· Side condition for Tracking CSI-RS(use for DMRS of PDCCH)
· min SNR level=6dB

WF2: capability for BC based on SSB-only
· New capability for BC based on SSB-only is introduced:
· Whether it is mandatory with capability or optional with capability will be discussed in feature list group
· Relationship to the Rel-15 capability
· Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1)
· Further discuss on the details in the next RAN4 meeting

WF 3: Test case applicability 
· Rel-15 BC test is declared automatically passed if a UE passes Rel-16 BC test using the same SSB configuration and SNR as in Rel-15
· Further discuss on the details in the next RAN4 meeting
· FFS for test case simplification if performance degradation for SSB based BC can be agreed




In this contribution, we provide our views on beam correspondence enhancement based on SSB.

2 Discussion
2.1 Beam correspondence requirement based on only SSB
In Rel-15, the requirements on beam correspondence were introduced on condition that both SSB and CSI-RS with repetition are configured. According to RAN4 specification [3], the relationship between SSB and CSI-RS with repetition is “QCL-typeD” and the source reference signal is SSB as mentioned in Table A.3.1-2 in [3], i.e., both SSB and CSI-RS are transmitted from gNB by applying the same Tx beam, then UE would apply the same spatial Rx parameters for receiving both SSB and CSI-RS. 
Regarding CSI-RS with repetition, the purpose of CSI-RS with repetition is to allow UE to test and decide the direction of Rx beam quickly, then it is not related to beam correspondence performance, e.g., the accuracy of UL beam direction. 
In addition, according to RAN5 specification [2] in Rel-15, the assumption for RF test including beam correspondence is that only one SSB (one SSB index) is transmitted. It means that UE can know the direction of this SSB used for attaching the network when tests including EIS and EIRP are performed. This would be the same situation in Rel-16.
Based on these observation, beam correspondence performance based on only SSB would be the same or quite similar compared to Rel-15 except for the time on testing and deciding Rx beam. Thus, we propose not to add performance relaxation to SSB only BC.
 
Table A.3.1-2: CSI-RS parameters
	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:
In Rel-15 test assumption, both SSB and CSI-RS are transmitted from gNB by applying the same Tx beam, then UE would assume the same spatial Rx parameters to receive both SSB and CSI-RS.

Observation 2:
The purpose of CSI-RS with repetition is to allow UE to test and decide the direction of Rx beam quickly, then it is not related to beam correspondence performance.

Observation 3:
UE can know the direction of this SSB used for attaching the network when tests including EIS and EIRP are performed.

Proposal 1:
No need to add performance relaxation on SSB only beam correspondence since performance based on only SSB would be the same or quite similar compared to Rel-15 except for the time on testing and deciding Rx beam.

2.2 UE capability for beam correspondence based on only SSB
[bookmark: _GoBack]In Rel-15, UE capability for beam correspondence was specified as mandatory with capability [2]. If UE sets the bit to 1, UE shall fulfil the beam correspondence requirements without the uplink beam sweeping, i.e., UE performs the test for beam correspondence on condition that both SSB and CSI-RS with repetition are provided. As we mentioned in section 2.1, the purpose of CSI-RS with repetition is configured to allow UE to test and decide the direction of Rx beam quickly, then it is not related to beam correspondence performance, e.g., the accuracy of UL beam direction. Thus, the beam correspondence performance based on only SSB would be the same or similar as that in Rel-15 except for the time for testing and deciding Rx beam. Considering above, we think new UE capability for beam correspondence based on only SSB can be mandatory, which is the same definition as Rel-15. 

	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	beamCorrespondenceWithoutUL-BeamSweeping
Indicates how UE supports FR2 beam correspondence as specified in TS 38.101-2 [3], clause 6.6. The UE that fulfils the beam correspondence requirement without the uplink beam sweeping (as specified inTS 38.101-2 [3], clause 6.6) shall set the bit to 1. The UE that fulfils the beam correspondence requirement with the uplink beam sweeping (as specified inTS 38.101-2 [3], clause 6.6) shall set the bit to 0.
	Band
	Yes
	No
	FR2 only



Proposal 2:
UE capability on beam correspondence based on only SSB shall be introduced as mandatory. 

2.3 Test case applicability
Instead of introducing new UE capability as mandatory, the test applicability rule between Rel-15 and Rel-16 can be considered as discussed in last RAN4 meeting. For example, if Rel-16 UE can support beam correspondence based on only SSB, UE only performs the test specified in Rel-16 and can skip the test specified in Rel-15 since it would be the same performance. However, if RAN4 agrees to introduce beam correspondence based on SSB with relaxation, Rel-15 tests cannot be skipped since the performance is different between Rel-15 and Rel-16.

Proposal 3: 
If Rel-16 UE can support beam correspondence based on only SSB, UE only performs the test specified in Rel-16 and can skip the test specified in Rel-15 since it would be the same performance.

Proposal 4: 
If RAN4 agrees to introduce beam correspondence based on SSB with relaxation, Rel-15 tests cannot be skipped since the performance is different between Rel-15 and Rel-16.

3 Conclusion
In this contribution, we provided our view on beam correspondence enhancement based on only SSB. Our observations and proposals are as follows:

Observation 1:
In Rel-15 test assumption, both SSB and CSI-RS are transmitted from gNB by applying the same Tx beam, then UE would assume the same spatial Rx parameters to receive both SSB and CSI-RS.

Observation 2:
The purpose of CSI-RS with repetition is to allow UE to test and decide the direction of Rx beam quickly, then it is not related to beam correspondence performance.

Observation 3:
UE can know the direction of this SSB used for attaching the network when tests including EIS and EIRP are performed.

Proposal 1:
No need to add performance relaxation on SSB only beam correspondence since performance based on only SSB would be the same or quite similar compared to Rel-15 except for the time on testing and deciding Rx beam.

Proposal 2:
UE capability on beam correspondence based on only SSB shall be introduced as mandatory. 

Proposal 3: 
If Rel-16 UE can support beam correspondence based on only SSB, UE only performs the test specified in Rel-16 and can skip the test specified in Rel-15 since it would be the same performance.

Proposal 4: 
If RAN4 agrees to introduce beam correspondence based on SSB with relaxation, Rel-15 tests cannot be skipped since the performance is different between Rel-15 and Rel-16.
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