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Introduction  
RAN has received LSs form RAN1 and RAN4 in [1] and [2], respectively. In this document, we discuss possible response to [2]. 

Discussion
The LS in [2] asked the following questions. 

To RAN and RAN WG1:
In order to resolve the remaining open issue associated with the DL RS aspects of the beam correspondence requirement, RAN4 respectfully requests RAN and RAN1 for information on the following questions:
1. Whether there exists a feature group or a collection of feature groups which can enable the UE to use CSI-RS to meet the beam correspondence requirement and, if so, what are they?
2. If the answer to Question 1 is affirmative, whether support of CSI RS for Beam Correspondence is mandatory, mandatory with capability signaling or optional?


Regarding Question #1: 
The following feature groups are related to using CSI-RS by the UE for beam management, including functions related to beam correspondence
 
	2-24
	SSB/CSI-RS for beam measurement 
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1 
1a. The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP shall not exceed MC_1 
2. The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2 

3. Supported density of CSI-RS 
4. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1
	2-21, 2-22 or 2-23, 2-23a
	Yes
	RSRP measurement is not supported
	Type 1
	No need
	Yes
	
	
	
	Mandatory with capability signaling
Component-1, candidate value set for MB_1 is {0, 8, 16, 32, 64}
On FR2, UE is mandated to signal MB_1 >=8
On FR1, MB_1 >=8 is supported mandatory with capability signaling. 
Component-1a, candidate value set for MC_1 is {0, 4, 8, 16, 32, 64}
For FR1, UE is mandated to report at least 8. 
Component-2, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}
Component-3: candidate value set: 
{“not supported”, “1 only”, “3 only”, “both 1 and 3”}
On FR2, UE is mandated to signal either “3 only” or “both 1 and 3”
On FR1, either “3 only” or “both 1 and 3” is mandatory with UE capability signaling.
Component-4, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}
For both FR1 and FR2, UE is mandated to report at least 4
	

	2-26
	Receiving beam selection using CSI-RS resource repetition "ON"
	1. Support Rx beam switching procedure using CSI-RS resource repetition "ON"
2. Recommended CSI-RS resource repetition number per resource set
	
	Yes
	Rx beam switching is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	Support Rx beam switching is mandatory for FR2
Componet-2: candidate value set {2, 3, 4, 5, 6, 7, 8}
	Mandatory with UE capability at least for FR2


	2-31
	Beam failure recovery
	1. Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality  
2. Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality  
3. Maximal number of different CSI-RS and/or SSB resources across all CCs for new beam identifications. 
	1-7 for CSI-RS based BFD/BFR
	Yes
	Beam failure recovery is not supported 
	Type 1
	N.A.
	N.A.
	
	

	
	Component-1 candidate value set: {from 1 to 16} 
Component-2 candidate: {from 1 to 16} 
Component-3:
Candidate value set is: {from 1 to 128}
[UE is mandate to support at least 64.]  
	

	2-35
	CSI report framework 

	1. Maximum number of periodic CSI report setting per BWP for CSI report
1a. Maximum number of periodic CSI report setting per BWP for beam report
2. Maximum number of aperiodic CSI report setting per BWP for CSI report
2a. Maximum number of aperiodic CSI report setting per BWP for beam report
2b. Maximum number of configured aperiodic CSI triggering states in CSI-AperiodicTriggerStateList per CC, 
3. Maximum number of semi-persistent CSI report setting per BWP for CSI report
3a. Maximum number of semi-persistent CSI report setting per BWP for beam report
4. UE can process Y CSI report(s) simultaneously in a CC. CSI reports can be P/SP/A CSI and any latency class and codebook type.
5. UE can process X CSI report(s) simultaneously across all CCs. CSI reports can be P/SP/A CSI and any latency class and codebook type. 
	2-32
	Yes
	CSI report is not supported
	Type 3
	N.A.
	N.A.
	
	NOTE: Other MIMO capability other than component 5 may further restrict (reduce) the number of simultaneously CSI report that UE is required to update
Note: The CSI report in component 4 includes the beam report and CSI report
Note: The CSI report in component 5 includes the beam report and CSI report 
Note: each component is independent
Note: CSI report setting are counted in the CC indicated by the parameter carrier in CSI-ResourceConfig
	
	Mandatory with capability
Component-1 candidate values: {1, 2, 3, 4}
Component-2 candidate values {1, 2, 3, 4}

Component-2b candidate values {3, 7, 15, 31, 63, 128}

Component-3 candidate values: {0, 1, 2, 3, 4}
Component-4: signaling is a bitmap of size 8   
Component-4
candidate values: {from 1 to 8}

Component-5:
candidate values: {from 5 to 32}


	Component-1 candidate values: {1, 2, 3, 4}
Component-1a candidate values: {1, 2, 3, 4}
Component-2 candidate values {1, 2, 3, 4}
Component-2a candidate values {1, 2, 3, 4}
Component-3 candidate values: {0, 1, 2, 3, 4}
Component-3a candidate values: {0, 1, 2, 3, 4}
Component-4
candidate values: {from 1 to 8}
Component-5:
candidate values: {from 5 to 32}
FFS: whether some minimum values above can be mandated or not

	2-51
	TRS
(CSI-RS for tracking)
	1. Support TRS BW
2. TRS burst length (X), 
3. Max # of TRS resource sets (per CC) UE is able to track simultaneously
4. Max # of TRS resource sets configured to UE per CC
5. Max # of TRS resource sets configured to UE across CCs


	 2-50
	Yes
	TRS is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	Component-1: 
candidate values set: {BWP, min(52,BWP), both}
Mandatory with capability signaling
Component-2:
candidate values {1 , ”both 1 and 2”}. UE is mandated to report “both 1 and 2”
Component-3: Candidate value set: {1 to 8}
Component-4: Candidate value set: {1 to 64} 
UE is mandated to report at least 8 for FR1 and [8 or 16 or 32] for FR2. To be decided in plenary. 
Component-5: Candidate value set: {1 to 128} to be decided in plenary
UE is mandated to report at least X for FR1 and Y for FR2. X and Y are to be decided in plenary. 
	




Regarding Question #2: 
The related feature groups are mandatory with capability signaling. 



It is our understanding that the background to the question is whether the spherical coverage test should be performed with SSB or CSI-RS or both. Regarding this, our views are summarized below. 

Possible signal combinations: 
The test could be performed with the following signal combinations 
· SSB only 
· both SSB and CSI-RS. 
The test cannot be run with CSI-RS only without SSB, unless both the test equipment and UE support intra-band CA and also support SCell without SSB, which is the separate feature. Due to the test equipment complexity implications, such set up seems unlikely. 




Differentiation between SSB and CSI-RS based beam correspondence performance:
We believe such differentiation is impractical in a test set up in an anechoic chamber. We note that neither the beam width nor the precise beam direction should make an appreciable difference to the beam correspondence-based beam forming operation at the UE. 
Figure 1 shows that different beam-width (which is anyhow not possible with single antenna test equipment) would not change the beam correspondence behavior.  Irrespective of the Tx beam-width at the test equipment, the detected best Rx beam is always narrow because the UE linear array always detects a single constant phase offset factors between antennas, unless the UE is in the near field of the test equipment. 
[image: ]
Figure 1  In an anechoic chamber, beam correspondence-based beam direction and beam-width is expected to be largely invariant to test equipment Tx beam-width differences

Figure 2 shows that even with offsetting the SSB and CSI-RS directions (which is anyhow not possible with single antenna test equipment), the UE beamforming direction is still the same. 
[image: ]
Figure 2  In an anechoic chamber, beam correspondence-based beam direction and beam-width is expected to be largely invariant to test equipment Tx beam direction differences

Furthermore, in the spherical coverage test, possible power control setting differences between SSB and CSI-RS would not be able to differentiate, since the UE would be transmitting at full power in all cases. 
Finally, possible hypothetical further differentiation could include: 
A. Transmitting SSB and CSI-RS from a different location from the UE’s perspective and co-locate the test equipment receiver with the CSI-RS transmitter
B. Subsampling of SSB in time so that the UE rotation is faster than what the UE could follow based on SSB
We believe that both (A) and (B) are theoretically possible; however, they are both violation of the assumption that the UE can use SSB as QCL source for the CSI-RS, so the UE performance both with (A) and (B) would be unpredictable.   

[bookmark: _GoBack][image: ]
Figure 3  Illustration of (B), which doesn’t comply with QCL Type D assumption

Therefore, we make the following observation and proposals. 

Observation:
The signal used (SSB or both SSB and CSI-RS) should not make a difference in UE performance in the anechoic chamber line-of-sight scenario.  

Proposal 1: 
Focus on SSB-based tests for beam correspondence, since these are anyhow needed for verifying performance in SCell addition or initial access cases. 

Proposal 2: 
Avoid a test scenario where the assumption on Type D QCL between CSI-RS and SSB is not maintained, e.g. avoid transmitting SSB and CSI-RS from different locations, avoid transmitting SSB with insufficient frequency for it to serve as QCL source. 


Conclusions
In this contribution, the following proposals have been made:

Observation:
The signal used (SSB or both SSB and CSI-RS) should not make a difference in UE performance in the anechoic chamber line-of-sight scenario.  

Proposal 1: 
Focus on SSB-based tests for beam correspondence, since these are anyhow needed for verifying performance in SCell addition or initial access cases. 

Proposal 2: 
Avoid a test scenario where the assumption on Type D QCL between CSI-RS and SSB is not maintained, e.g. avoid transmitting SSB and CSI-RS from different locations, avoid transmitting SSB with insufficient frequency for it to serve as QCL source. 
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