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1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [2, RP-210800]). UE RF requirement on beam correspondence for HST scenarios in FR2 has been discussed in last RAN4 meetings, with the following contents related are agreed in the latest approved WF [5, R4-2114976]. 
	· WF4: Beam Correspondence
· Issue 2-4-1: Requirement impact for Rel-15 Beam Correspondence Feature
· Agreement achieved in this WF:
· Requirement impact for Rel-15 Beam Correspondence Feature
· No need to introduce BC tolerance requirement because all FR2 HST UE need mandatory support of Rel-15 BC without uplink beam sweeping. 
· If Rel-15 BC feature beamCorrespondenceWithoutUL-BeamSweeping is mandatorily supported by FR2 HST UE, then by following PC3 BC requirement: 
· For Rel-15 BC-capable UE, the UE shall meet the minimum peak EIRP requirement and spherical coverage requirement with its autonomously chosen UL beams and without uplink beam sweeping.  Such a UE is considered to have met the beam correspondence tolerance requirement.
· In other words, we don’t need to introduce BC tolerance requirement as Rel-15 PC3.
· Issue 2-4-2: The necessity of support Rel-16 optional feature beamCorrespondenceSSB-based-r16? 
· Agreement achieved in this WF:
· The necessity of support Rel-16 feature beamCorrespondenceSSB-based-r16:  
· beamCorrespondenceSSB-based-r16 shall be mandated to FR2 HST UE.
· Issue 2-4-3: The necessity of support Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16? 
· Agreement achieved in this WF:
· The necessity of support Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16: 
· beamCorrespondenceCSI-RS-based-r16 shall be optional to FR2 HST UE. 


In this contribution, we would like to further provide our viewpoints on the remaining issues for beam correspondence related requirement. 
2. Discussion
2.1 Beam Correspondence Support for FR2 HST UE
Based on the agreement captured in the approved WF [R4-2114976], it is agreed that FR2 HST UE (roof-mounted UE type) shall mandatorily support Rel-15 feature beamCorrespondenceWithoutUL-BeamSweeping and Rel-16 feature beamCorrespondenceSSB-based-r16, while optionally support Rel-16 beamCorrespondenceCSI-RS-based-r16. 
In other words, FR2 HST UE’s BC support (compared with PC3 and PC5) can be summarized in the following table: 



Table 1 Summary of Beam correspondence Support for FR2 HST UE (Compared with PC3 and PC5)
	FR2 Power Class
	Rel-15 BC Feature
beamCorrespondenceWithoutUL-BeamSweeping
	Rel-16 SSB based enhanced BC
beamCorrespondenceSSB-based-r16
	Rel-16 CSI-RS based enhanced BC
beamCorrespondenceCSI-RS-based-r16
	Requirement Applicability for 
(1) Minimum peak EIRP, spherical coverage requirement
(2) BC Tolerance requirement
	Side condition

	Power Class 3 (PC3)
	Not supported
	Not Supported
	Not Supported
	Meet (1) with UL beam sweeping
Meet (2) explicitly
	Side condition for BC based on SSB and CSI-RS

	
	
	Supported
	Not Supported
	
	Side condition for SSB based enh. BC 
(CSI-RS not provided)

	
	
	Not Supported
	Supported
	
	Side condition for CSI-RS based enh. BC 
(weak SSB)

	
	Supported
	Not Supported
	Not Supported
	Meet (1) w/o UL beam sweeping
BC Tolerance req. (2) is met implicitly
	Side condition for BC based on SSB and CSI-RS

	
	
	Supported
	Not Supported
	
	Side condition for SSB based enh. BC 
(CSI-RS not provided)

	
	
	Not Supported
	Supported
	
	Side condition for CSI-RS based enh. BC 
(weak SSB)

	Power Class 5 (PC5)
	Supported
(Mandatory)
	Not Supported
	Not Supported
	Meet (1) w/o UL beam sweeping
BC Tolerance req. (2) is met implicitly
	Side condition for BC based on SSB and CSI-RS

	
	
	Supported
	Not Supported
	
	Side condition for SSB based enh. BC 
(CSI-RS not provided)

	
	
	Not Supported
	Supported
	
	Side condition for CSI-RS based enh. BC 
(weak SSB)

	FR2 HST UE
(PC X)
	Supported
(Mandatory)
	Supported
(Mandatory)
	Not Supported
	Meet (1) w/o UL beam sweeping
BC Tolerance req. (2) is met implicitly
	Side condition for SSB based enh. BC 
(CSI-RS not provided)

	
	
	
	Supported
	
	Side condition for CSI-RS based enh. BC 
(weak SSB)



Proposal 1: For FR2 HST UE, the beam correspondence support can be summarized in the Table 1. 
2.2 Text Proposal for Beam Correspondence Requirement
By assuming a new PC is defined dedicately for FR2 HST UE, and based on the above summary of different conditions of BC support, the following text proposal is given accordingly. 
It is noted that the detailed SSB_RP and CSI-RS_RP value in the correspnding side condition definition is still marked as TBD because the value itself is related to UE receiver requirement, which has not yet completed. 

<<<Beginning of Text Proposal>>>
[bookmark: _Toc67926080][bookmark: _Toc75273718][bookmark: _Toc76510618][bookmark: _Toc83129775]6.6.x	Beam correspondence for power class X
[bookmark: _Toc67926081][bookmark: _Toc75273719][bookmark: _Toc76510619][bookmark: _Toc83129776]6.6.x.1	General
The beam correspondence requirement for power class X UEs consists of two components: UE minimum peak EIRP (as defined in Clause 6.2.1.x), and UE spherical coverage (as defined in Clause 6.2.1.x). 
Power class X UE shall mandatorily support beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16. The UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.x-1 and spherical coverage requirement according to Table 6.2.1.x-3 using the SSB based enhanced beam correspondence requirements as defined in Clause 6.6.x.3.2. 
If the UE also support beamCorrespondenceCSI-RS-based-r16, the UE shall also meet the minimum peak EIRP requirement according to Table 6.2.1.x-1 and spherical coverage requirement according to Table 6.2.1.x-3 using CSI-RS based enhanced beam correspondence requirements as defined in Clause 6.6.x.3.3.
[bookmark: _Toc67926082][bookmark: _Toc75273720][bookmark: _Toc76510620][bookmark: _Toc83129777]6.6.x.2	(Void) 
Editor’s note: Not need to define beam correspondence tolerance requirement because power class X UE shall mandatorily support beamCorrespondenceWithoutUL-BeamSweeping.

[bookmark: _Toc67926083][bookmark: _Toc75273721][bookmark: _Toc76510621][bookmark: _Toc83129778]6.6.x.3	Side Conditions
[bookmark: _Toc67926084][bookmark: _Toc75273722][bookmark: _Toc76510622][bookmark: _Toc83129779]6.6.x.3.1	(Void)
Editor’s note: Not need to define the side condition for beam correspondence based on SSB and CSI-RS, because power class X UE shall mandatorily support SSB based enhanced beam correspondence.

[bookmark: _Toc67926085][bookmark: _Toc75273723][bookmark: _Toc76510623][bookmark: _Toc83129780]6.6.x.3.2	Side Condition for SSB based enhanced Beam Correspondence requirements
The beam correspondence requirements for beam correspondence based on SSB are only applied under the following side conditions:
-	The downlink reference signal SSB is provided and CSI-RS is not provided.
-	For beam correspondence, conditions for L1-RSRP measurements are fulfilled according to Table 6.6.x.3.2-1.
Table 6.6.x.3.2-1: Conditions for SSB based L1-RSRP measurements for beam correspondence
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2
	SSB Ês/Iot

	
	
	dBm / SCSSSB
	dB

	
	
	SCSSSB = 120 kHz
	

	All angles Note 1
	n257
	TBD
	≥6

	
	n258
	TBD
	

	
	n261
	TBD
	

	NOTE 1:	For UEs that support multiple FR2 bands, the Minimum SSB_RP values for all angles are increased by ΔMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1.x.
NOTE 2:	Values specified at the radiated requirements reference point to give minimum SSB Ês/Iot, with no applied noise.



[bookmark: _Toc67926086][bookmark: _Toc75273724][bookmark: _Toc76510624][bookmark: _Toc83129781]6.6.x.3.3	Side Condition for CSI-RS based enhanced Beam Correspondence requirements
The beam correspondence requirements for beam correspondence based on CSI-RS are only applied under the following side conditions:
-	The downlink reference signals including both SSB and CSI-RS are provided. 
-	The reference measurement channel for beam correspondence are fulfilled according to the CSI-RS configuration in Annex A.3.
-	For beam correspondence, conditions for L1-RSRP measurements are fulfilled according to Table 6.6.x.3.3-2 and SSB signal is provided according to Table 6.6.x.3.3-1.
Table 6.6.x.3.3-1: SSB signal conditions for CSI-RS based beam correspondence requirements
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2
	SSB Ês/Iot

	
	
	dBm / SCSSSB
	dB

	
	
	SCSSSB = 120 kHz
	

	All angles Note 1
	n257
	TBD
	≥1

	
	n258
	TBD
	

	
	n261
	TBD
	

	NOTE 1:	For UEs that support multiple FR2 bands, the Minimum SSB_RP values for all angles are increased by ΔMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1.5
NOTE 2:	Values specified at the radiated requirements reference point to give minimum SSB Ês/Iot, with no applied noise.



Table 6.6.x.3.3-2: Conditions for CSI-RS based L1-RSRP measurements for beam correspondence
	Angle of arrival
	NR operating bands
	Minimum CSI-RS_RP Note 2
	CSI-RS Ês/Iot

	
	
	dBm / SCSCSI-RS
	dB

	
	
	SCSCSI-RS = 120 kHz
	

	All angles Note 1
	n257
	TBD
	≥6

	
	n258
	TBD
	

	
	n261
	TBD
	

	NOTE 1:	For UEs that support multiple FR2 bands, the Minimum CSI-RS_RP values are increased by ΔMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1.5
NOTE 2:	Values specified at the radiated requirements reference point to give minimum CSI-RS Ês/Iot, with no applied noise.



[bookmark: _Toc67926087][bookmark: _Toc75273725][bookmark: _Toc76510625][bookmark: _Toc83129782]6.6.x.4	Applicability
For UEs supporting more than one type of beam correspondence, the following applicability rules apply:
-	If a UE meets enhanced beam correspondence requirements either based on SSB or based on CSI-RS, it is considered to have met the beam correspondence requirements based on SSB and CSI-RS.
-	For a UE supporting either SSB based or CSI-RS based enhanced beam correspondence, UE shall meet the supported enhanced beam correspondence requirements.
-	For a UE supporting both SSB based and CSI-RS based enhanced beam correspondence UE shall meet the both SSB based and CSI-RS based enhanced beam correspondence requirements and the following applicability rules for verifying the requirements apply:
-	The enhanced beam correspondence requirements shall be verified with the SSB based enhanced beam correspondence side conditions in clause 6.6.x.3.2. If UE meets the SSB based enhanced beam correspondence requirements using the side conditions in clause 6.6.x.3.2 and meets the minimum peak EIRP requirement as defined in clause 6.2.1.x using the CSI-RS based side conditions in clause 6.6.x.3.3, where the link direction is determined in the SSB based enhanced beam correspondence test, it is considered the UE have met both the SSB based and CSI-RS based enhanced beam correspondence requirements.
-	Otherwise, if UE does not meet above minimum peak EIRP requirement using the CSI-RS based side condition, the UE shall be further verified with the CSI-RS based enhanced beam correspondence side conditions in clause 6.6.x.3.3.
<<<End of Text Proposal>>>




3. Conclusion
In this contribution, we further provided our discussion and viewpoint on UE beam correspondence requirement for high speed train deployment scenarios in FR2. The following observations and proposals are provided accordingly: 
Proposal 1: For FR2 HST UE, the beam correspondence support can be summarized in the following Table 1.
Table 1 Summary of Beam correspondence Support for FR2 HST UE 
	FR2 Power Class
	Rel-15 BC Feature
beamCorrespondenceWithoutUL-BeamSweeping
	Rel-16 SSB based enhanced BC
beamCorrespondenceSSB-based-r16
	Rel-16 CSI-RS based enhanced BC
beamCorrespondenceCSI-RS-based-r16
	Requirement Applicability for 
(1) Minimum peak EIRP, spherical coverage requirement
(2) BC Tolerance requirement
	Side condition

	FR2 HST UE
(PC X)
	Supported
(Mandatory)
	Supported
(Mandatory)
	Not Supported
	Meet (1) w/o UL beam sweeping
BC Tolerance req. (2) is met implicitly
	Side condition for SSB based enh. BC 
(CSI-RS not provided)

	
	
	
	Supported
	
	Side condition for CSI-RS based enh. BC 
(weak SSB)
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