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

	BC based on SSB
· By RAN4 #94, RAN4 could specify BC based on SSB only unless RAN4 find critical technical problems, considering:
· Side condition feasibility
· Common understanding of UE behavior
· Performance difference with SSB + CSI-RS based BC
· After stabilizing the configuration and requirement structure and confirming the feasibility, the optionality of this requirement can be discussed
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BC based on CSI-RS (configurations)
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BC based on CSI-RS (side conditions)
· How to achieve “CSI-RS only” condition
· Method 1: DUT is configured with an active BWP containing no SSB
· Method-2: SSB in wide beam and CSI-RS in fine beam from TE
· Method-3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS
· X will be chosen during the RAN4#94 meeting
· A single method will be chosen during the RAN4 #94 meeting
· CSI-RS min SNR level:
· Alt1: 6 dB
· Alt2: same as SNR chosen for SSB in SSB-only BC test
· After stabilizing the configuration and requirement structure and confirming the feasibility, the optionality of this requirement can be discussed




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

2 Discussion
2.1 Beam correspondence 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. Since two kind of reference signals are provided, it is unclear which reference signal is utilized for aligning UE Rx/Tx beam in Rel-15. Since the feature of CSI-RS with repetition is optional from network side, some operators would not configure CSI-RS with repetition in real network. So far there is no requirements to ensure the beam correspondence performance for such case. Therefore, beam correspondence requirements based on only SSB is very important for operators to cover possible network deployments. 

Proposal 1:
Beam correspondence requirements based on only SSB should be specified in Rel-16.

According to RAN5 specification [2] in Rel-15, the assumption for RF test including beam correspondence, only one SSB (one SSB index) is transmitted. 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 Table A.3.1-2, i.e., both SSB and CSI-RS with repetition are transmitted by the same Tx beam from gNB and UE would assume the same spatial Rx parameters to receive both signals. In addition, it is not related to beam performance itself since CSI-RS with repetition is configured to allow UE to try and decide the direction of Rx beam quickly. Based on above observations, there are no technical issues on beam correspondence based on only SSB and the performance would be the same as that in Rel-15 except for the time for trying and deciding Rx beam. 
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:
According to Rel-15 test parameter for beam correspondence, both SSB and CSI-RS with repetition are transmitted by the same Tx beam from gNB and UE would assume the same spatial Rx parameters to receive both signals.

Proposal 2:
There are no technical issues on beam correspondence based on only SSB and the performance can be the same as that in Rel-15.

2.2 Beam correspondence for initial access
In case of RACH procedure, UE shall transmit PRACH to gNB based on the assumption of receiving corresponding SSB, however the QCL assumption for PRACH cannot be configured. In such case, it is straightforward that UE transmits PRACH with the same direction as that of receiving SSB. In addition, it is also straightforward that UE would receive the corresponding Random Access Response (RAR) by applying the same spatial Rx parameter as that of SSB. However, there is no requirement to ensure such procedure in Rel-15, which would be a large impact on FR2 deployment if UE does not perform RACH procedure as mentioned above. We think that this topic is included in the WID since it is the subset of the beam correspondence based on only SSB as mentioned in section 2.1. Therefore, the requirements for this could be discussed based on the discussion on beam correspondence based on only SSB.

Observation 2:
Beam correspondence for initial access is the subset of the beam correspondence based on only SSB.

Proposal 3:
Introduce the requirements on beam correspondence for initial access in Rel-16. The requirements for this enhancement could be discussed based on the discussion on beam correspondence based on only SSB.


2.3 UE capability for beam correspondence based on only SSB
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 specified in Rel-15 on condition that SSB and CSI-RS with repetition are provided. As we mentioned in section 2.1, the beam correspondence performance based on only SSB would be the same as that in Rel-15 except for the time for trying and deciding Rx beam. Therefore, new UE capability for beam correspondence based on only SSB in Rel-16 would not be needed and the existing UE capability in Rel-15 can be reused. In other words, Rel-16 UE shall support the beam correspondence performance based on only SSB as mandatory if UE can set the bit of UE capability on beam correspondence introduced in Rel-15. Instead of introducing new UE capability, the test applicability rule between Rel-15 and Rel-16 should be clarified. For example, if Rel-16 UE has the UE capability on beam correspondence introduced in Rel-15, UE only performs the test specified in Rel-16 and can skip the test specified in Rel-15. We can discuss the detail further.

	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 4:
No need to introduce new UE capability for beam correspondence based on SSB only since the beam correspondence performance based on only SSB would be the same as that in Rel-15 except for the time for trying and deciding Rx beam. 

Proposal 5:
Rel-16 UE shall support the beam correspondence performance based on only SSB as mandatory if UE can set the bit of UE capability on beam correspondence introduced in Rel-15.

Proposal 6: 
Test applicability rule between Rel-15 and Rel-16 should be clarified. For example, if Rel-16 UE has the UE capability on beam correspondence introduced in Rel-15, UE only performs the test specified in Rel-16 and can skip the test specified in Rel-15.
3 Conclusion
In this contribution, we provided our view on beam correspondence enhancement based on only SSB. Our observations and proposals are as follows:

Proposal 1:
Beam correspondence requirements based on only SSB should be specified in Rel-16.

Observation 1:
According to Rel-15 test parameter for beam correspondence, both SSB and CSI-RS with repetition are transmitted by the same Tx beam from gNB and UE would assume the same spatial Rx parameters to receive both signals.

Proposal 2:
There are no technical issues on beam correspondence based on only SSB and the performance can be the same as that in Rel-15.

Observation 2:
Beam correspondence for initial access is the subset of the beam correspondence based on only SSB.

Proposal 3:
Introduce the requirements on beam correspondence for initial access in Rel-16. The requirements for this enhancement could be discussed based on the discussion on beam correspondence based on only SSB.

Proposal 4:
No need to introduce new UE capability for beam correspondence based on SSB only since the beam correspondence performance based on only SSB would be the same as that in Rel-15 except for the time for trying and deciding Rx beam. 

Proposal 5:
Rel-16 UE shall support the beam correspondence performance based on only SSB as mandatory if UE can set the bit of UE capability on beam correspondence introduced in Rel-15.

Proposal 6: 
Test applicability rule between Rel-15 and Rel-16 should be clarified. For example, if Rel-16 UE has the UE capability on beam correspondence introduced in Rel-15, UE only performs the test specified in Rel-16 and can skip the test specified in Rel-15.
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Parameter Value

SSB periodicity 20 ms[1]

Use P1 CSI-RS configuration? No

Use P3 CSI-RS configuration?

Alt. 1: Yes

Alt. 2: No

Use tracking CSI-RS? Yes

Tracking CSI-RS QCL info qcl-TypeD=SSB

Tracking CSI-RS min SNR TBD

PDCCH/PDSCH DM-RS QCL info qcl-TypeD=TRS

SSB min SNR level

Alt. 1: 6 dB [1] [10]

Alt. 2: 13 dB [14]

(note)

RAN4 didn’t assume more than [1] SSB 

indices should be transmitted

SSB use configuration for Rel-15 which 

is specifiedin 38.508 per agreed in 

RAN4 #92bis meeting 


image2.emf
Parameter Value

P1 CSI-RS periodicity

Alt.1:P1 CSI-RS is configured with [TBD] msperiodicity,the QCL (qcl-TypeD) relation is configured as ‘SSB’

Alt.2: P1 CSI-RS is not configured; instead aperiodic P2 CSI-RS can be considered if necessary. If P2 CSI-RS is supported, its qcl-

TypeDis ‘SSB’ [2]

Alt.3: P1 CSI-RS is configured with [TBD] msperiodicity, the QCL (qcl-TypeD) relation is configured as ‘none’

P3 CSI-RS repetitions per resource set

Alt. 1: maxNumberRxBeamin UE capability IE ofMIMO-ParametersPerBand

Alt. 2: 8

P3 CSI-RS configuration repetition on

P3 CSI-RS trigger

Alt.1: once P1 CSI-RS is finished

Alt.2: once every SSB cycle (20 ms) ifP1 CSI-RS is not configured

* The test time for Alt.1 is assumed less than or equal to Alt.2

Tracking CSI-RS periodicity

reuse Rel-15

60 kHz SCS: 40slots for CSI-RS resources 1 and 2

120 kHz SCS: 80 slots for CSI-RS resources 1 and 2

P3 CSI-RS QCL info

Alt.1: Type D to P1 CSI-RS

Alt.2:

If P2 CSI-RS is transmitted;

-Type A to TRS

-Type D to P2 CSI-RS

Otherwise;

-Type C to SSB

-Type D to SSB

P1 CSI-RS QCL info

Alt.1: P1 CSI-RSis transmitted and the QCL relation is configured as ‘SSB’ [14]

Alt.2:P1 CSI-RS is not transmitted [2]

Alt.3: P1 CSI-RSis transmitted and the QCL relation is configured as‘none’


