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1	Introduction 
The work item on NR RF requirements for FR2 [1] has made progress on the beam correspondence aspects with the following agreements during RAN4 #93 [2]:

	BC based on SSB
-	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
BC based on CSI-RS (configurations)
	Parameter
	Value

	P1 CSI-RS periodicity
	Alt.1: P1 CSI-RS is configured with [TBD] ms periodicity, the QCL (qcl-TypeD) relation is configured as ‘SSB’
Alt.2: P1 CSI-RS is not configured; instead aperiodic P2 CSI-RS can be considered if necessary. If P2 CSI-RS is supported, its qcl-TypeD is ‘SSB’ [2]
Alt.3: P1 CSI-RS is configured with [TBD] ms periodicity, the QCL (qcl-TypeD) relation is configured as ‘none’

	P3 CSI-RS repetitions per resource set
	Alt. 1: maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand
Alt. 2: 8

	P3 CSI-RS configuration repetition
	on

	P3 CSI-RS trigger
	Alt.1: once P1 CSI-RS is finished
Alt.2: once every SSB cycle (20 ms) if P1 CSI-RS is not configured
* The test time for Alt.1 is assumed less than or equal to Alt.2

	Tracking CSI-RS periodicity
	reuse Rel-15
60 kHz SCS: 40 slots for CSI-RS resources 1 and 2
120 kHz SCS: 80 slots for CSI-RS resources 1 and 2

	P3 CSI-RS QCL info
	Alt.1: Type D to P1 CSI-RS
Alt.2:
If P2 CSI-RS is transmitted;
- Type A to TRS
- Type D to P2 CSI-RS
Otherwise;
- Type C to SSB 
- Type D to SSB

	P1 CSI-RS QCL info
	Alt.1: P1 CSI-RS is transmitted and the QCL relation is configured as ‘SSB’ [14]
Alt.2: P1 CSI-RS is not transmitted [2]
Alt.3: P1 CSI-RS is transmitted and the QCL relation is configured as ‘none’



BC based on CSI-RS (side conditions)
-	How to achieve “CSI-RS only” condition
-	Method 1: DUT is configured with an active BWP containing no SSB
-	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



And the following agreements during RAN4 #92bis [2]:

	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
	parameter
	Rel-15 value (for reference)
	Rel-16 value (this WF)

	P1 CSI-RS periodicity
	Not defined
	Alt.1: 20 ms

	P3 CSI-RS repetitions per resource set
	8
	Alt.1: 8 [7]
Alt.2: according to UE capability [1]

	P3 CSI-RS configuration repetition
	on
	on

	P3 CSI-RS trigger
	Not defined
	Alt.1: Reuse Rel-15 P3 CSI-RS once for every P1 cycle
Alt.2: FFS

	Tracking CSI-RS periodicity
	60 kHz SCS: 40 for CSI-RS resources 1 and 2
120 kHz SCS: 80 for CSI-RS resources 1 and 2
	Alt.1: reuse Rel-15 [7]
Alt.2: FFS [1]

	P3 CSI-RS QCL info
	Type D to SSB
	FFS

	P1 CSI-RS QCL info
	Not defined
	FFS



Related to beam correspondence tolerance
-	If UE support Rel-16 BC and UE is Rel-15 BC bit-1 UE,
-	UE test EIRP (peak and spherical) requirement based on UE autonomous BC with updated side condition and/or configuration to be defined in Rel-16; 
-	If passed, Rel-15 EIRP (peak and spherical) requirement can be skipped. But two times of testing (for SSB-only and CSI-RS only) are needed.
-	Alt.1: If UE support Rel-16 BC and UE is Rel-15 BC bit-0 UE,
-	It is invalid scenario and this is not allowed
-	Alt.2: If UE support Rel-16 BC and UE is Rel-15 BC bit-0 UE,
-	UE test EIRP (peak and spherical) requirement based on UL beam sweeping assistance with updated side conditions and/or configuration to be defined in Rel-16;
-	UE test beam correspondence tolerance with updated side condition and/or configuration to be defined in Rel-16;
-	If passed, Rel-15 EIRP (peak and spherical) requirement can be skipped. But two times of testing (for SSB-only and CSI-RS only) are needed.
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 addition, RAN #86 discussed the issues related to beam correspondence and provided the following guidance [4]:

	Way Forward
-	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



In a separate contribution [10], we provided analysis results and views on the topic of beam correspondence based on SSB.
During the RAN4 #94e-bis meeting, the following was agreed on BC based on SSB [11]:

	WF1: Beam correspondence requirement based on SSB-only
-	Whether BC based on SSB-only requirement is feasible:
-	Yes, but need an applicability rule to minimize increase in test cases and test time compared with Rel-15
-	How to define the applicability rule for peak direction:
-	A single beam peak direction shall be chosen for other UL tests based on Rel-15 vs Rel-16 test-skipping rule
-	How much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present
-	Option 1: Is feasible with ∆p = 0 dB
-	Option 2: Is feasible with 0 < ∆p ≤ 3 dB
-	Side condition for BC based on SSB-only
-	SSB min SNR level=6dB
-	Side condition for Tracking CSI-RS(use for DMRS of PDCCH)
-	min SNR level=6dB

WF2: capability for BC based on SSB-only
-	New capability for BC based on SSB-only is introduced:
-	Whether it is mandatory with capability or optional with capability will be discussed in feature list group
-	Relationship to the Rel-15 capability
-	Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1)
-	Further discuss on the details in the next RAN4 meeting

WF3: Test case applicability 
-	Rel-15 BC test is declared automatically passed if a UE passes Rel-16 BC test using the same SSB configuration and SNR as in Rel-15
-	Further discuss on the details in the next RAN4 meeting
-	FFS for test case simplification if performance degradation for SSB based BC can be agreed




During the RAN4 #94e-bis meeting, the following was agreed on BC based on CSI-RS [12]:

	Way Forward (1): ”CSI-RS only” condition
-	SSB shall be present and configured as part of side conditions for Rel-16 CSI-RS based BC
-	“CSI-RS only” condition shall be guaranteed to prevent UE making use of SSB for P3 beam refinement
-	The method to achieve “CSI-RS only” condition:
-	Alt 1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS
-	Continue discussing how to determine X
-	Alt 2: Decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
-	Alt 3: Decide on PSD difference for CSI-RS and SSB according to a calibration procedure [5]
-	Other alternatives can be discussed including the one where P1 CSI-RS QCL info is set to “none”

Note: it is agreed that in the final RAN4 specification, the term “CSI-RS only” will not be used

Way Forward (2):  Side conditions
-	The side conditions in the following table shall be used for BC based on CSI-RS for alt. 1-3
-	SNR side condition
-	CSI-RS min SNR level: 6dB

	Parameter
	Value

	P1 CSI-RS configuration
	Yes

	P1 CSI-RS periodicity
	Slot80(120kHz)

	P1 CSI-RS QCL info
	qcl-TypeD to SSB

	P2 CSI-RS configuration
	No

	P3 CSI-RS configuration
	Yes

	P3 CSI-RS repetitions per resource set
	maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand

	P3 CSI-RS configuration repetition
	On

	P3 CSI-RS trigger
	once P1 CSI-RS is finished

	P3 CSI-RS QCL info
	qcl-TypeD to P1 CSI-RS

	Tracking CSI-RS periodicity
	Reuse Rel-15






In this contribution we address the remaining issues related to these two sets of agreements.
2	Discussion
2.1	BC based on SSB
With a reference to [10], we continue to propose a Option 2 (is feasible with 0 < ∆p ≤ 3 dB) for the open issue “How much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present.”  We do not consider Option 1 (∆p = 0 dB) as a feasible solution for the following reasons:
-	Although it is true that CSI-RS is an optional feature for the network, it is also true that a QCL relationship between SSB and PDSCH/PUSCH is not possible. CSI-RS provides this link and, in our understanding, it is the reference signal on which the UE relies to achieve the minimum requirement on max output power. Networks which deploy without CSI-RS are, in our understanding, suboptimal configurations, and the same UE performance level should not be expected. We have quantified this performance difference in our contributions.
-	The particular implementation described in contributions by companies who are proponents of Option 1 performs beam refinement based on the SSB signal when provided with a large number of SSB bursts, but this UE behavior is not required from the perspective of the RAN1 design and can lead to unstable mobility performance, since the UE has no knowledge how long the spatial information for SSB can be assumed to remain unchanged.  Furthermore, it is not clear to us whether this assumption (essentially, increasing the number of Rx beams for SSB based L1-RSRP beyond the maximum value agreed in the RRM specification) has any impact on the UE’s ability to meet RRM requirements according to TS38.133.
-	We believe it is possible to accommodate the network vendor request and to define a requirement on beam correspondence based on SSB.  The way to do this is to define a reasonable performance degradation due to the limitations on the number of beams which the UE can use when refining based on SSB only.

[bookmark: _Toc40439616][bookmark: _Toc40439644]Proposal 1:	On the aspect of how much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present, our preference is to select Option 2 (is feasible with 0 < ∆p ≤ 3 dB).

We have also observed a potential concern with the following aspect of the agreed WF in [11]:  
How to define the applicability rule for peak direction:
-	A single beam peak direction shall be chosen for other UL tests based on Rel-15 vs Rel-16 test-skipping rule

In our understanding, the scope of the beam correspondence enhancement in the Rel-16 WID is strictly limited to the beam correspondence requirement and shall not impact any other core requirement.  In Rel-15 there is a clear agreement that the beam peak direction is defined assuming both SSB and CSI-RS signals are present.  Because of this agreement, the beam peak search procedure and the beam correspondence test procedure can be combined, thereby combining multiple test case procedures into a single measurement flow.  In the Rel-16 work scope on beam correspondence, where we are discussing defining different side conditions for the BC based on SSB requirement, we are not allowed to change this fundamental assumption for all other requirements.

[bookmark: _Toc40439617][bookmark: _Toc40439645]Proposal 2:	On the aspect of how to define the applicability rule for peak direction, RAN4 shall restrict the side condition applicability only to the Rel-16 beam correspondence enhancement, and all of the remaining FR2 RF requirements in Rel-16 shall continue to be defined based on the Rel-15 side conditions (i.e. both SSB and CSI-RS signals are present during beam peak search and spherical coverage measurements).
2.2	BC based on CSI-RS
The following aspect in the agreed WF on BC based on CSI-RS [12] has raised the possibility for concern:
-	The method to achieve “CSI-RS only” condition:
-	Alt 1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS
-	Continue discussing how to determine X
-	Alt 2: Decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
-	Alt 3: Decide on PSD difference for CSI-RS and SSB according to a calibration procedure [5]
-	Other alternatives can be discussed including the one where P1 CSI-RS QCL info is set to “none”

[bookmark: _GoBack]In our understanding, the UE RF front end architecture has to be 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.

[bookmark: _Toc40439618][bookmark: _Toc40439646]Proposal 2:	When deciding on X in Alt 1, care should be taken not to introduce an assumption on the receiver performance which does not align with real deployment conditions.
2.3	Beam correspondence capabilities
With the scope of Rel-16 beam correspondence enhancements becoming clear, a discussion of UE capabilities related to this feature becomes useful.  Considering that the Rel-15 beam correspondence capability has defined two UE types:  “bit-0” UEs which require UL beam sweeping assistance to achieve spherical coverage performance and “bit-1” UEs which achieve spherical coverage performance based on autonomous UL beam selection, we first check whether the Rel-16 enhancements can be applicable to both UE types.  Since “bit-0” UEs can also feasibly support Rx beam sweeping procedures based on SSB only and also based on CSI-RS only, then it should not be necessary to preclude such UEs from the applicability to the Rel-16 enhancement.  Similarly, “bit-1” UEs can feasibly support the enhancement.

[bookmark: _Toc24076870][bookmark: _Toc24076934][bookmark: _Toc24077725][bookmark: _Toc24077799][bookmark: _Toc32305160][bookmark: _Toc32319027][bookmark: _Toc32319464][bookmark: _Toc32324020][bookmark: _Toc32566462][bookmark: _Toc32566565][bookmark: _Toc32566574][bookmark: _Toc32581040][bookmark: _Toc32581327][bookmark: _Toc32581381][bookmark: _Toc37420545][bookmark: _Toc40439619][bookmark: _Toc40439647]Proposal 3:	Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1) and are independent of the Rel-15 beam correspondence capability.

It should be further discussed whether it is necessary to introduce a separate capability for Rel-16 beam correspondence enhancement.  Clearly, UE design flexibility is maximized if an optional capability for this feature can be introduced; on the other hand, if the enhancements enable other important features (such as carrier aggregation) or lead to network performance benefits, then the signaling may need to reflect either the dependency structure or the network needs.

[bookmark: _Toc24076871][bookmark: _Toc24076935][bookmark: _Toc24077726][bookmark: _Toc24077800][bookmark: _Toc32305161][bookmark: _Toc32319028][bookmark: _Toc32319465][bookmark: _Toc32324021][bookmark: _Toc32566463][bookmark: _Toc32566566][bookmark: _Toc32566575][bookmark: _Toc32581041][bookmark: _Toc32581328][bookmark: _Toc32581382][bookmark: _Toc37420546][bookmark: _Toc40439620][bookmark: _Toc40439648]Proposal 4:	RAN4 should discuss how to define a new capability related to Rel-16 beam correspondence enhancement.

3	Conclusions
This contribution has provided our views on the topic of beam correspondence enhancement in Rel-16 and has made the following observations and proposals:

Proposal 1:	On the aspect of how much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present, our preference is to select Option 2 (is feasible with 0 < ∆p ≤ 3 dB).
Proposal 2:	On the aspect of how to define the applicability rule for peak direction, RAN4 shall restrict the side condition applicability only to the Rel-16 beam correspondence enhancement, and all of the remaining FR2 RF requirements in Rel-16 shall continue to be defined based on the Rel-15 side conditions (i.e. both SSB and CSI-RS signals are present during beam peak search and spherical coverage measurements).
Proposal 2:	When deciding on X in Alt 1, care should be taken not to introduce an assumption on the receiver performance which does not align with real deployment conditions.
Proposal 3:	Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1) and are independent of the Rel-15 beam correspondence capability.
Proposal 4:	RAN4 should discuss how to define a new capability related to Rel-16 beam correspondence enhancement.
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