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1 [bookmark: _GoBack]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 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
· NOTE: ”P3 CSI-RS” refers to CSI-RS for beam management
· 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

Other aspects
· Two enhancements were proposed:
· Enhancements to measurement reporting [2]:
· Network makes use of UE reported L1-RSRP to roughly improve beam correspondence performance
· Add dynamic signaling from UE to network to accurately improve beam correspondence performance, e.g.: UE can signal to network the UE measured SNR, and/or the necessity of UL beam sweeping, and/or the exact SRS resource number needed
· Introduction of a requirement on beam correspondence for initial access [5]:
· UE spherical coverage for PRACH transmissions (power class 3)
· Radiated spherical coverage sensitivity requirement on RAR (Msg2) reception
· Considering that verification of BC at initial access through open loop power control test would require significantly improved accuracy of the core requirement
· During the RAN4 #93 meeting RAN4 will discuss whether these enhancements are in the scope of the WID
· Signaling aspects for the enhanced beam correspondence in Rel-16 are FFS



In this contribution, we provides our views on beam correspondence based on SSB only including initial access and that based on CSI-RS only.
2 Discussion
2.1 Beam correspondence based on SSB only and CSI-RS based only
In Rel-15, the requirements on beam correspondence were specified assuming both SSB and CSI-RS with repetition on are provided, therefore it is ambiguous which reference signal is used in order to ensure beam correspondence performance in Rel-15. In addition, such assumption could not cover all of network deployments since CSI-RS with repetition on is optional feature, i.e., CSI-RS with repetition on is not provided in some cases. Thus, it is beneficial to specify beam correspondence requirements based on SSB only from operator’s perspective. 

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

In Rel-15 assumption of beam correspondence, “QCL-info” of TCI-state IE in CSI-RS with repetition on is configured to QCL-TypeD with one of SSB index [2], i.e., UE assumes that the same spatial Rx parameter can be applied when UE receives configured SSB index or CSI-RS with repetition on according to RAN1 specification [3]. Since the source reference signal of QCL relation for CSI-RS is SSB in such case, UE would apply the spatial Rx parameter of receiving SSB when UE receives CSI-RS with repetition on. Therefore, Beam correspondence requirement in Rel-15 can be applied to that based on SSB only in Rel-16.
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:
Since the source reference signal of QCL relation for CSI-RS is SSB in Rel-15, UE would apply the spatial Rx parameter of receiving SSB when UE receives CSI-RS with repetition on.
 
Proposal 2:
Beam correspondence requirement in Rel-15 can be applied to that based on SSB only in Rel-16.

Regarding beam correspondence based on CSI-RS only, the performance might be better than that based on SSB only if “QCL-info” of TCI-state in CSI-RS with repetition on is not configured to QCL-TypeD with SSB index. Figure1 shows the example of such case. When SSB and CSI-RS with repetition on are provided from different direction and DMRS of PDCCH/PDSCH is QCL-ed to CSI-RS as shown in figure1, the performance would be different since SSB and CSI-RS are not QCL relation, i.e., UE could apply the different spatial Rx parameter between SSB and CSI-RS.

[image: ]
Figure.1 The example of the case when SSB and CSI-RS with repetition on are provided from different direction

Observation 2:
The performance of beam correspondence based on CSI-RS only might be better than that based on SSB only if “QCL-info” of TCI-state in CSI-RS with repetition on is not configured to QCL-TypeD with SSB index.

2.2 Beam correspondence for initial access
At the last RAN4 meeting, some companies proposed to introduce beam correspondence for initial access. We have the same views and would like to propose to introduce the requirement of beam correspondence for initial access. In case of RACH procedure, UE shall transmit PRACH to NW based on the assumption of receiving corresponding SSB although QCL assumption for PRACH cannot be configured. In such case, it is straightforward to transmit PRACH with the same direction as that of receiving SSB. In addition, UE would receive the corresponding RAR with the same spatial Rx parameter as that of SSB. However, there was no requirement to ensure such procedure in Rel-15, which would be a large impact on FR2 deployment. 
Regarding the scope of WID, we think that this enhancement is included in the scope of the WID since it is the kind of beam correspondence based on SSB only. The requirements for this enhancement could be discussed based on the discussion on beam correspondence based on SSB only as mentioned in section 2.1 of this contribution.

Proposal 3:
Introduce the requirement of 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 SSB only.

Proposal 4:
Beam correspondence for initial access is included in the scope of the WID since it is the kind of beam correspondence based on SSB only.

 
3 Conclusion
In this contribution, we provided our view on beam correspondence based on SSB only including initial access and that based on CSI RS only. Our observations and proposals are as follows:

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

Observation 1:
Since the source reference signal of QCL relation for CSI-RS is SSB in Rel-15, UE would apply the spatial Rx parameter of receiving SSB when UE receives CSI-RS with repetition on.
 
Proposal 2:
Beam correspondence requirement in Rel-15 can be applied to that based on SSB only in Rel-16.

Observation 2:
The performance of beam correspondence based on CSI-RS only might be better than that based on SSB only if “QCL-info” of TCI-state in CSI-RS with repetition on is not configured to QCL-TypeD with SSB index.

Proposal 3:
Introduce the requirement of 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 SSB only.

Proposal 4:
Beam correspondence for initial access is included in the scope of the WID since it is the kind of beam correspondence based on SSB only.
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