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1	Introduction 
The work item on NR RF requirements for FR2 [1] has made progress on the beam correspondence aspects during the RAN4 #96e meeting, with the following agreements:  the feature CR in [2], text proposal with relevant technical background in [3], and the corresponding features in the RAN4 feature list [4].

The following open issues remain:
-	How to define the PSD difference X between SSB and CSI-RS for FG8-3
-	How to define the applicability rule for the case when the UE supports both FG8-2 and FG8-3

This contribution provides our views on the open issues.
2	Discussion
The UE RF front end architecture is designed with the assumption that both SSB and CSI-RS signals are present, and the UE receiver has to accommodate any PSD difference between CSI-RS and SSB so that the baseband can demodulate both signals.  Thus, a test case side condition which introduces a PSD level difference between SSB and CSI-RS introduces a requirement on the receiver which may or may not be well aligned with real deployment conditions.  The UE receiver design has to accommodate this difference X in addition to other factors, such as handling the variability of the channel and the peak to average ratio of the PDCCH and PDSCH symbols.

Considering the side conditions for the requirement on BC based on CSI-RS, a QCL relationship between SSB and CSI-RS is not assumed.  However, physical collocation of the gNB antennas which transmit the SSB and gNB antennas which transmit the CSI-RS has to be assumed, since RRM requirements for the cell are defined based on measurements of the SSB.  Thus, from the perspective of network topology and gNB architecture, the value of X is determined by the PSD difference between SSB and CSI-RS at the gNB transmitter and by the difference in EIRP of the SSB and CSI-RS signals at the radiated interface boundary (RIB) of the gNB.  The path loss and antenna gain at UE Rx are the same for both signals.  Considering the difference in EIRP of the SSB and CSI-RS signals at the RIB of the gNB, we question the efficacy of a network deployment which allows for a large PSD difference between these signals.  TR38.803 models BS antenna topology as 8x16 element arrays.  Depending on gNB implementation, a subset of the elements in the array can be allocated for SSB transmission, thereby yielding wider SSB beams with lower gain than a potentially larger subset of elements in the array allocated for PDSCH/CSI-RS transmission with narrower beams.  However, such a mapping also yields differences in the peak EIRP between SSB and CSI-RS as well as spherical coverage over the angular range of the sector.  From the network planning perspective, a large imbalance between the spherical coverage of SSB and CSI-RS simply creates a zone within which UE demodulation performance and RRM performance might begin to diverge.

Based on the above considerations, it is not easy to envision a scenario where the CSI-RS signal is significantly stronger than the SSB signal in a real network deployment.  As the UE performs scans of SSB to identify neighbor cells and, in the situation of a large imbalance between SSB and CSI-RS signals arriving from one cell, it is likely to find a different cell where the imbalance is lower and the SSB signal strength is greater.  Since RRM requirements for cell selection and reporting are based on SSB, it is not likely a large PSD imbalance between the SSB and CSI-RS signals is “typical.”
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During the last RAN4 meeting there was discussion how to define the applicability rule for a UE which indicates it supports both eBC based SSB and eBC based on CSI-RS [5].  Since the CSI-RS side condition potentially introduces an additional design requirement for the UE receiver, this can differ significantly from the SSB side condition.  In general, we have the view that duplicating the testing effort is not a beneficial outcome for UEs which implement both capabilities, but defining an applicability rule which totally exempts the UE from verifying one of the capabilities is not the right way to develop the specification.  Our preference is to define core requirements based on a consistent interpretation of UE capabilities and to introduce an applicability rule for the verification.  
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Because beam correspondence is a fundamental capability of the UE and is a prerequisite for all TX RF requirements (i.e. if the UE cannot select the UL beam correctly, then it cannot meet TX requirements defined in 38.101-2), it is useful to differentiate the applicability of core requirements for beam correspondence (i.e. the UE’s ability to select UL beam based on certain side conditions) from beam correspondence performance verification by the virtue of the assumed side condition in the definition of a particular TX RF requirement.

[bookmark: _Toc54340116][bookmark: _Toc54340221][bookmark: _Toc54340496]Proposal 3:	For UEs which support both eBC based on SSB and eBC based on CSI-RS, beam correspondence performance is verified based on SSB only side conditions for all applicable TX RF requirements, and, additionally, for N EIRP points with EIRP ≥ 50%-tile minimum requirement are verified using the CSI-RS side condition.

The intention of Proposal 3 is to balance consistency in the specification with reasonable verification effort of the UE. In our understanding, the working group best equipped to make such a decision is RAN4, since many core RF requirements are verified, according to the RAN5 conformance specification, over a subset of test points.

[bookmark: _Toc54340117][bookmark: _Toc54340222][bookmark: _Toc54340497]Proposal 4:	An LS informing RAN5 of the eBC applicability rule is needed, so that the information can be taken into account during their work on defining the conformance test specification.

Based on Proposal 4, the following LS text is proposed:

<< begin text proposal >>

[bookmark: _GoBack]1. Overall Description:

RAN4 would like to update RAN5 on the progress of introducing requirements for enhanced beam correspondence in Rel-16.  RAN4 has defined two new UE capabilities associated with the feature with the following descriptions:

	[bookmark: _Hlk36199639]Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	8. NR RF Requirement Enhancements for FR2
	8-2
	SSB based Beam correspondence
	Support for beam correspondence based on SSB
A UE indicating support for beam correspondence based on SSB has the ability to select its uplink beam based on measurements of SSB.

Supported by UEs with capability beamCorrespondenceWithoutUL-BeamSweeping = {0,1}

If a UE supports beam correspondence based on SSB, then the network can expect the UE to also fulfill Rel-15 beam correspondence requirements.
	
	Yes
	N/A
	If UE indicates it supports neither FG 8-2 nor FG 8-3, then the network can expect the UE to fulfill beam correspondence based on Rel-15 beam correspondence requirements.

	per band
	TDD only
	FR2 only
	N/A
	
	Optional with capability signalling

	
	8-3
	CSI-RS based Beam correspondence
	Support for beam correspondence based on CSI-RS
A UE indicating support for beam correspondence based on CSI-RS has the ability to select its uplink beam based on measurements of CSI-RS in scenarios when the SSB PSD is X dB below CSI-RS PSD.

Supported by UEs with capability beamCorrespondenceWithoutUL-BeamSweeping = {0,1}

If a UE supports beam correspondence based on CSI-RS, then the network can expect the UE to also fulfill Rel-15 beam correspondence requirements.
	
	Yes
	N/A
	If UE indicates it supports neither FG 8-2 nor FG 8-3, then the network can expect the UE to fulfill beam correspondence based on Rel-15 beam correspondence requirements.
	per band
	TDD only
	FR2 only
	N/A
	
	Optional with capability signalling



RAN4 has introduced the corresponding requirements to TS38.101-2 and has further agreed that the value of X in FG 8-3 is 3 dB.  RAN4 would like to further clarify the applicability of beam correspondence requirements for UEs which support both FG 8-2 and FG 8-3.

For UEs which support both FG 8-2 and FG 8-3:
-	The RF core requirements for both side conditions specified in Clause 6.6.4.3.1 of TS38.101-2 apply
-	Beam correspondence performance is verified based on SSB only side conditions for all applicable TX RF requirements
-	Additionally, for N EIRP points which satisfy the spherical coverage EIRP minimum requirement, EIRP is verified using the CSI-RS side condition

It is RAN4’s understanding that the selection of the N test points in the above can be effectively made in RAN5 based on RAN5’s experience in conformance test specification development.

2. Actions
To RAN5

ACTION: RAN4 respectfully asks RAN5 to take the above information into consideration.

<< end text proposal >>

3	Conclusions
This contribution has provided our views on the remaining issues with beam correspondence enhancement in Rel-16 and has made the following proposals:

Proposal 1:	Select X = 3 dB for the BC based on CSI-RS side conditions.
Proposal 2:	For UEs which support both eBC based on SSB and eBC based on CSI-RS, the UE RF core requirements for both side conditions shall apply.
Proposal 3:	For UEs which support both eBC based on SSB and eBC based on CSI-RS, beam correspondence performance is verified based on SSB only side conditions for all applicable TX RF requirements, and, additionally, for N EIRP points with EIRP ≥ 50%-tile minimum requirement are verified using the CSI-RS side condition.
Proposal 4:	An LS informing RAN5 of the eBC applicability rule is needed, so that the information can be taken into account during their work on defining the conformance test specification.


4	References
[1] [bookmark: _Ref16617333][bookmark: _Ref24049351]RP-190761, “NR RF requirements for FR2,” Nokia, Nokia Shanghai Bell, 3GPP RAN #83, March 2019
[2] [bookmark: _Ref54330594]R4-2011928, “Beam correspondence enhancement,” Nokia, Nokia Shanghai Bell, 3GPP RAN4 #96e, August 2020
[3] [bookmark: _Ref54330679]R4-2011737, “TP to TR38.831: beam correspondence enhancement,” Apple Inc., 3GPP RAN4 #96e, August 2020
[4] [bookmark: _Ref54330696]R4-2011930, “RAN4 UE features list for Rel-16,” CMCC, 3GPP RAN4 #96e, August 2020
[5] [bookmark: _Ref54336584]R4-2011856, “Email discussion summary for [96e][116] NR_RF_FR2_req_enh_Part_2,” Moderator (Apple Inc.), 3GPP RAN4 #96e, August 2020

Apple Inc.
Apple Inc.
