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1.
Introduction
The Rel-16 work item on NR RF Requirement Enhancements for FR2 in [1] has the following objectives for enhancing FR2 UE Beam Correspondence requirements in Rel-16.

	· FR2 UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL reference signal (SSB or CSI-RS) configured by the network
· This work is started after RAN#84 when the Rel-15 Beam Correspondence requirements are completed

· UE capability for supporting SSB based on BC and/or CSI-RS based on BC will be further discussed in WI phase.

· These requirements are only valid from Rel-16 onwards


In this contribution we discuss conditions and other details for the Rel-16 enhanced beam correspondence requirements based on SSB as DL reference signal for beam correspondence and CSI-RS as DL reference signal for beam correspondence. In the contribution we also discuss the WF agreed in RAN#86 in [4] and what it means for the RAN4 work on the beam correspondence area. 

2.
Discussion

RAN4#93 agreed a WF on side conditions of SSB based and CSI-RS based beam correspondence tests. The aim is to develop two set of beam correspondence requirements and test cases; based on SSB only and based on CSI-RS only.

Beam Correspondence based on SSB only

For the SSB only BC requirements and test cases the WF states the following:
	· 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


We do not see any technical problems, which would hinder the introduction of separate beam correspondence requirements and test cases for based on SSB only. The UE behaviour and how the reference signals for beam correspondence is configured for the UE, have already been specified in the Rel-15 RAN1 specifications as already discussed in [3]. Therefore, it is possible to define test configuration for beam correspondence requirements based on SSB only, which fully follows the Rel-15 RAN1 specifications. For the RAN4 Rel-15 beam correspondence requirement and test cases more relaxed UE implementation assumptions were allowed for the sake of progress since UE implementations were already progressing at the time. But this compromise is also one of the main reasons why Rel-16 beam correspondence requirement enhancements were agreed to be developed. 
It is up to RAN4 to decide detailed beam correspondence requirement and test cases aspects like SNR for SSB and therefore, in principle it would even be possible to define such SNR conditions that would be comparable to the current Rel-15 Beam Correspondence requirements and test cases when assuming that the UE utilize both SSB and CSI-RS for beam correspondence. This, however, was not the original intent of the beam correspondence design and requirements in Rel-15 but instead RAN1 designed the beam correspondence such that the UE performs beam correspondence based on the reference signal configured by the network i.e. using SSB or CSI-RS. However, due to the compromise made for Rel-15 BC requirements the UE is allowed to use either one of the reference signals for meeting the Rel-15 BC requirements and therefore the following additional condition for added to the Rel-15 UE BC requirements:
“The beam correspondence requirement is satisfied assuming the presence of both SSB and CSI-RS signals and Type D QCL is maintained between SSB and CSI-RS”

This assumption, however, is no longer valid for the Rel-16 beam correspondence requirements as the aim of the Rel-16 beam correspondence requirements to allow e.g. wider beamwidth for SSB and narrower beamwidth for CSI-RS. This means that the FR2 UE supporting Rel-16 enhanced beam correspondence requirements needs to be able to perform beam refinement based on SSB only and based on CSI-RS only.

The approved Rel-15 beam correspondence requirements and conditions already clearly separate the conditions for SSB based beam correspondence from the CSI-RS based beam correspondence, e.g. as shown below for SSB.  Thus, the Rel-15 beam correspondence conditions including SNR for SSB are designed such that the UE would be able to successfully do beam correspondence using SSB only if appropriate UE beam correspondence implementation including refinement is supported by the UE. It is also worth noting that RAN4#92bis already agreed in [5] to re-use SSB configuration from Rel-15.
Table 6.6.4.1.1-1: 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
	-96.4
	≥6

	
	n258
	-96.4
	

	
	n260
	-92.1
	

	
	n261
	-96.4
	

	Note 1:
For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by ΣMBP and Spherical coverage values are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1.

Note 2:
Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.


In [7] it is discussed that some UEs may not have sufficient implementation to support good enough SSB only based beam correspondence and for this reason, relaxations both to the SSB conditions and actual beam corresponce requirements are requested. Based on the description in [7] it would seem that such UE do not support real SSB only based beam correspondence including also refinement based on SSB, which is assumed by the Rel-16 WID objectives. Therefore, in our view such UEs should not be used as basis for developing Rel-16 BC requirement enhancements.  It is also important to understand that the Rel-16 beam correspondence requirements and test cases do not apply to the existing Rel-15 UE implementations. Instead these new beam correspondence requirements and test cases are intended for Rel-16 FR2 UEs, which should support the enhanced beam correspondence requirements. Thus, Rel-16 FR2 UE implementations should be designed to meet the Rel-16 BC requirements, not Rel-15 BC requirements. The same document [7] also proposes that the conditions for Rel-15 UE RRM requirements should be utilized for the Rel-16 beam correspondence requirements. However, the target of the FR2 UE BC requirements in TS38.101-2 and UE RRM requirements in TS38.133 have different objectives and therefore also the assumptions of TS38.133 cannot be directly used for the beam correspondence requirements. It is also worth noting that RAN4 has already defined the beam correspondence tolerance requirements and test cases for such FR2 UEs that do not have sufficiently good ‘autonoumous’ FR2 beam correspondence performance without additional UL beam sweaping. If RAN4 decides that UEs with less performing beam correspondence are also allowed in Rel-16, beam correspondence tolerance requirements would then be suitable approach for such UEs rather than relaxing the ‘autonomous’ UE RF beam correspondence requirements without UL beam sweeping.
Proposal 1: Re-use Rel-15 SSB conditions for beam correspondence requirements and test cases based on SSB only. 
As FR2 UE supporting Rel-16 enhanced beam correspondence requirements needs to be able to perform beam refinement (P3) based on SSB only, CSI-RS should not even be configured for P3 (beam refinement) in the enhanced BC test cases based on SSB only. This simplifies the testing while also ensuring that the UE relies on SSB based beam refinement.

Proposal 2: CSI-RS is not configured for beam refinement (P3) of the enhanced beam correspondence requirements and test cases based on SSB only. 

Beam Correspondence based on CSI-RS only

For the CSI only BC requirements and test cases the WF [2] states the following:
	· 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 


As already discussed for BC based on SSB only, also CSI-RS beam correspondence conditions were defined in Rel-15 in such manner that the UE is able to pass requirements when using CSI-RS in beam refinement.Thus, similarly, as for beam correspondence based on SSB only also for beam correspondence based on CSI-RS only the Rel-15 conditions including SNR condition of 6 dB for CSI-RS should be re-used. 
Rel-15 CSI-RS conditions:

Table 6.6.4.1.1-2: 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
	-96.4
	≥6

	
	n258
	-96.4
	

	
	n260
	-92.1
	

	
	n261
	-96.4
	

	Note 1:
For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by ΣMBP and Spherical coverage values are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1.
Note 2:
Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.


Proposal 3: Re-use the Rel-15 CSI-RS conditions for Rel-16 beam correspondence requirements based on CSI-RS only

In our view the signal conditions for the Rel-16 BC minimum requirements can be decided before deciding the exact method how to ensure that the UE is actually using only CSI-RS for beam refinement. While our preference is Method 2  (SSB in wide beam and CSI RS in fine beam from TE) as it corresponds to the real deployments better, we see that also Method 3, where SSB’s PSD is back-off by XdB from CSI-RS, is also viable option for testing purposes.
Proposal 4: Use Method 3 (SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS) in [2] for ensuring that the the UE uses only CSI-RS in the beam correspondence test case based on CSI-RS only.
3.
Additional beam correspondence requirements
In addition to the main Rel-16 beam correspondence requirement and test cases enhancements for introducing separate requirements and test cases for BC based on SSB only and BC based on CSI-RS only the RAN plenary meeting #86 discussed potential further enhancements. RAN#86 agreed a WF in [4] with the following agreements:

	· RAN4 continue discuss the SSB based BC and CSI-RS based BC test cases based on Rel-15 features without consideration on any new signalling or measurement. 
· For BC performance enhancement for both bit #0 and bit #1 UE, RAN4 may continue discussing the additional performance enhancement and test configuration enhancement by utilizing the existing UE measurement including RSRP and/or L1-SINR 
· RAN4 may also consider the initial access for additional beam correspondence enhancement in Rel-16 timeframe 


These RAN#86 agreements confirm that the main focus of the Rel-16 beam correspondence work should be in developing requirements and test cases for beam correspondence based on SSB only and beam correspondence based on CSI-RS based on the Rel-15 physical layer and signalling specifications and without delays in the work item completion. This also means that the intention is not to introduce any UE measurement reporting or accuracy requirements to the actual beam correspondence requirements based on SSB only and based on CSI-RS only. Thus, based on the RAN#86 agreements the UE RSRP and L1-SINR measurements should not be considered for the requirement and test case development for BC based on SSB only and BC based on CSI-RS. Instead, if RAN4 is able to agree that UE measurement related requirment enhancements should be developed in Rel-16, separate additional requirement and test cases should be defined for these additional measurement enhancements. 

Proposal 5: Potential UE measurement and test requirement enhancements should be discussed and done separately from the ongoing main Rel-16 beam correspondence enhancements of [1].
In similar manner to the UE measurement related requirement enhancements also potential requirements for beam correspondence during initial access should be discussed separately from the main Rel-16 BC enhancements. If initial access requirements beam correspondence requirements are agreed to be introduced in Rel-16, these initial access BC requirements and test cases should be additional ones on top of the BC requirements and test cases based on SSB only and CSI-RS only in RRC_CONNECTED. 

Proposal 6: Potential UE requirements for beam correspondence during initial access should be discussed and developed as potential additional beam correspondence requirement and test case enhancements.
4.
Conclusions
In this contribution we have discussed conditions and other details for the Rel-16 FR2 UE enhanced beam correspondence requirements based on SSB as DL reference signal for beam correspondence and CSI-RS as DL reference signal for beam correspondence.  Based on the discussion we make the following proposals:
Proposal 1: Re-use Rel-15 SSB conditions for beam correspondence requirements and test cases based on SSB only. 
Proposal 2: CSI-RS is not configured for beam refinement (P3) of the enhanced beam correspondence requirements and test cases based on SSB only. 

Proposal 3: Re-use the Rel-15 CSI-RS conditions for Rel-16 beam correspondence requirements based on CSI-RS only.
Proposal 4: Use Method 3 (SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS) in [2] for ensuring that the the UE uses only CSI-RS in the beam correspondence test case based on CSI-RS only.
In the contribution we have also discussed the WF agreed in RAN#86 in [4] and what it means for the RAN4 work on the beam correspondence area.  Based on the discussion we make the following proposals:

Proposal 5: Potential UE measurement and test requirement enhancements should be discussed and done separately from the ongoing main Rel-16 beam correspondence enhancements of [1].

Proposal 6: Potential UE requirements for beam correspondence during initial access should be discussed and developed as potential additional beam correspondence requirement and test case enhancements.
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