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1 Introduction
In the last RAN4 meeting, SSB and CSI-RS based beam correspondence are discussed on configuration and applicability.
For SSB based beam correspondence, beam peak and test applicability are related to BC requirement. The discussions are captured in WF[1].
For CSI-RS based beam correspondence, WF[2] and LS[3] were approved. P1 CSI-RS QCL relation was agreed to be configured as SSB, while the scenario on CSI-RS only(P1 CSI-RS with no QCL relation) is evaluated in RAN1.
This paper provides further proposal on beam correspondence enhancement in Rel-16. 
2 Discussion
2.0 Before discussion

Before discussion on beam correspondence, we would like clarify the terminology on P1, P2 and P3 procedure for beam management. 

Firstly, we should be clear that there is no P1, P2 and P3 definition in RAN1/2 spec. Only periodic CSI-RS with higher layer repetition configuration will be provided to the UE.

Secondly, we would like to copy agreements on P1, P2 and P3 definition in RAN1 which is captured in RAN1 #86 chairman note. If RAN4 we use these terminology, we need to align on the understanding of definition:

	Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item


2.1 SSB based beam correspondence
For SSB based beam correspondence, it is agreed that only SSB is configured to UE for beam measurement while CSI-RS is absent. It requires for beam refinement procedure with SSB which is described in email discussion summary [3]. Meanwhile, Rough beam and its performance has already been specified in TS 38.133. For PC3, the DL gain difference between fine and rough beams is 7dB on both peak and spherical coverage direction. Moreover, TE can only provide 1 SSB indice for each 20ms as per agreed in RAN5, this limitation generates big difference compared with the real communication which provides 64 SSB for each 20ms. 1 SSB indice would cause UL and DL beam matching deviation in nature which further degrade the BC measurement result. 

For beam refinement algorithm that one company provided, such hierarchical algorithms are generally existed in the baseband implementation, but we cannot ignore that whether it accords with the beam management design of RAN1 spec. In fact, “Hierarchical search” is implemented by P1->P3 procedure, where P3 procedure is considered as aperiodic in RAN1/RAN2 spec in which UE would complete beam refinement with gNB. SSB based beam measurement is periodic which is considered to search for the DL beam roughly and reports measurement result to the network. Furthermore, it is questioned that whether the “Hierarchical search” solution is capable to meet RRM requirements on L1 SINR and L1-RSRP reporting which is capture in WF[1]. 
Observation 1: Beam refinement procedure based on SSB is only one example implementation and is not mandatory required in NR, and it may have impact to meet RRM requirements on L1-SINR and L1-RSRP reporting.
From Rel-15, beam correspondence is mandatory to support, after that RAN4 define the side condition for beam correspondence verification that both SSB and CSI-RS are provided. In Rel-16, beam correspondence is enhanced with RS configuration, and SSB or CSI-RS based beam correspondence are listed as UE capability which is optional to support. The intention to introduce the BC enhancement is for real network deployment. But the truth is, if network deployment is without CSI-RS configuration, all UEs under the network will be not provided with CSI-RS for beam management. How could UEs do not support SSB based beam correspondence work under such network? The same situation works for CSI-RS based beam correspondence. UEs should follow Rel-15 agreement that all beam correspondence requirement is mandatory to support, the only difference is performance relaxation.

Proposal 1: SSB based beam correspondence should be mandatory to support. SSB based BC requirement can be relaxed with ΔP≤3dB relative to the condition which assumes both SSB and CSI-RS are present as the baseline:
· ΔP=0dB is optional to support for SSB based beam correspondence

· ΔP≤3dB is the baseline to support for SSB based beam correspondence
2.2 CSI-RS based beam correspondence
For CSI-RS based beam correspondence, it is actually very confused on the CSI-RS configuration in table 1: 
Table 1. CSI-RS configuration for CSI-RS based Beam Correspondence
	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


As in Table 1, “P1 CSI-RS” is configured and Type-D QCL to SSB, It means that periodic CSI-RS with repetition off is QCL-ed to SSB. Under such configuration, UE is not allowed to proceed with the said “P1” procedure which requires for UE to search the best rough Rx beam. This limitation can be found in TS 38.133 sub clause 9.5.4.2, where beam sweeping factor N is limited to 1.
	9.5.4.2
CSI-RS based L1-RSRP Reporting

The UE shall be capable of performing L1-RSRP measurements based on the configured CSI-RS resource for L1-RSRP computation, and the UE physical layer shall be capable of reporting L1-RSRP measured over the measurement period of TL1-RSRP_Measurement_Period_CSI-RS.
The value of TL1-RSRP_Measurement_Period_CSI-RS is defined in Table 9.5.4.2-1 for FR1 and in Table 9.5.4.2-2 for FR2, where

-
For periodic and semi-persistent CSI-RS resources, M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise

-
For aperiodic CSI-RS resources M=1 

-
For periodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply if qcl-InfoPeriodicCSI-RS is configured for all the resources in the resource set and for each resource one  RS has QCL-TypeD with 

-
SSB for L1-RSRP measurement, or 

-
another CSI-RS in resource set configured with repetition ON.


Observation 2: In TS 38.133, when periodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF which is QCL-TypeD with SSB, the beam sweep factor is limited to N=1. Hence, UE is not allowed to proceed P1 beam searching procedure under such condition.
Observation 3: CSI-RS configuration as in Table 1 agreed in RAN4 RF do not align with TS 38.133. The agreement should be cancelled.
Proposal 2: Revise the CSI-RS configuration for CSI-RS based beam correspondence as in Table 2:
Table 2. CSI-RS configuration for CSI-RS based Beam Correspondence
	Parameter
	Value

	P1 CSI-RS configuration
	Yes No

	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 with SSB is finished

	P3 CSI-RS QCL info
	qcl-TypeD to SSB

	Tracking CSI-RS periodicity
	Reuse Rel-15


With the agreement in TS 38.133, we can confirm that once periodic CSI-RS with repetition off and QCL-ed to SSB is configured to UE, UE will use SSB to proceed for P1 beam search procedure.

Observation 3: For CSI-RS based beam correspondence, UE is expected to use SSB to proceed for P1 beam search procedure.
In WF[2], it is agreed that:
	· To address the testability, deployment and test time concerns to following alternatives,
· Alt 2-1-1-1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS,
· Alt 2-1-1-2: decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB,
· How to determine the X and Y value

· X and Y is to be determined based on the PSD difference between SSB and CSI-RS in real network typical deployment, e.g. X, Y=[3 to 9] dB


The PSD difference between SSB and CSI-RS actually means: UE will use a relative lower PSD SSB to search for the best rough beam, and use higher PSD CSI-RS to complete with the beam refinement procedure. It is worth noting that, once rough beam is wrongly selected, it will have big impact on UL beam selecting. Even CSI-RS is with higher PSD, it do not help on the uplink beam selecting once P1 procedure is failed.

In TS 38.133, L1-RSRP accuracy for SSB is specified as below, (6.5dB vibrating is allowed with SNR condition=-3dB:
Table 10.1.20.1.2-1: SSB based L1-RSRP relative accuracy in FR2

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 3
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	(6.5
	(9.5
	≥-3
	Same value as SSB_RP in Table B.2.4.1-2, according to UE Power class, operating band and angle of arrival
	-50

	NOTE 1:
Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of SSBs to which the requirement applies.

NOTE 3:
Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.

NOTE 4:
In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.


Under SNR=-3dB, (6.5dB vibrating will lead to that the best Rx beam is not accurately selected, it may shift to the adjacent rough beam. This vibrating will have big impact on beam correspondence result. So, it is not reasonable to accept SNR=-3dB for P1 beam search with SSB.
In the last meeting, there are comments with network vendors that the verification need to address the real deployment. Considering the gNB deployment and implementation, a reasonable PSD difference can be defined for the CSI-RS based beam correspondence. After investigation on the FR2 deployment and gNB implementation, we can see that averagely 2dB PSD difference between SSB and CSI-RS. Considering the implementation deviation, we can accept the PSD different between SSB and CSI-RS set with 3dB in maximum.

Proposal 3: To address the real deployment on FR2, PSD difference between SSB and CSI-RS can be set with 3dB in maximum for side condition.

In Rel-15, SNR=6dB is defined for SSB and CSI-RS side condition, and it is already clarified in TS 38.101-2 that “Values specified at the radiated requirements reference point to give minimum SSB Ês/Iot”, the reference plane to specify PSD for SSB or CSI-RS should be with respect to the radiated requirement reference point.
Proposal 4: PSD of SSB and CSI-RS shall be configured with respect to the radiated requirements reference point
Since both SSB and CSI-RS are provided to the UE which is similar with Rel-15 configuration, and 3dB PSD difference is for addressing the real deployment--UE don’t have choice to not support when it is real deployment, we propose to make CSI-RS based beam correspondence as mandatory to support. CSI-RS based beam correspondence do not have any relaxation if 3dB PSD difference is provided.

Proposal 5: CSI-RS based beam correspondence is defined as mandatory to support, CSI-RS based beam correspondence do not have any relaxation if 3dB PSD difference is provided.

2.3 Test applicability
During discussion, it is raised with beam peak direction applicability problem if SSB based beam correspondence is relaxed. For Rel-16, CSI-RS based beam correspondence side condition actually is similar with Rel-15, both SSB and CSI-RS are provided to UE. It is easy to be understood that if Rel-16 CSI-RS based BC test is passed, Rel-15 BC test is declared automatically passed. Considering CSI-RS based beam correspondence is mandatory to support, beam peak direction for all other RF requirement test can take CSI-RS based beam correspondence as reference. 
Proposal 6: Beam peak direction for all other RF requirement test can take CSI-RS based beam correspondence as reference. All other RF requirement tests should be tested only once.
In Rel-15, bit-0 and bit-1 are introduced for beam correspondence which considers UL and DL mismatching physically imperfect. In Rel-16, the imperfect on hardware design do not enhance much, we propose to keep bit-0 and bit-1 beam correspondence. For UEs pass/support bit-1 CSI-RS based beam correspondence, Rel-15 BC with bit-1 declared automatically passed/supported regardless whether UE indicate bit 0 or bit 1 for Rel-15 BC.
Proposal 7: For UEs pass/support bit-1(WithoutUL-BeamSweeping) CSI-RS based beam correspondence in Rel-16, Rel-15 BC with bit-1 declared automatically passed/supported regardless whether UE indicate bit 0 or bit 1 for Rel-15 BC. For UEs pass/support bit-0(WithUL-BeamSweeping) CSI-RS based beam correspondence in Rel-16, Rel-15 BC with bit-0 declared automatically passed/supported.
The only problem is, if UE pass bit-0 CSI-RS based BC in Rel-16, whether Rel-15 bit-1 BC need to be tested if UE indicates bit 1 for Rel-15? We think UE should have 2 tests respectively for bit-0 CSI-RS based BC in Rel-16 and Rel-15 bit-1 BC. However, it is a very corner case.
3 Conclusion

In this contribution we discussed on the open issues on beam correspondence enhancement, according to the analysis, we have the following proposals: 
Observation 1: Beam refinement procedure based on SSB is only one example implementation and is not mandatory required in NR, and it may have impact to meet RRM requirements on L1-SINR and L1-RSRP reporting.
Proposal 1: SSB based beam correspondence should be mandatory to support. SSB based BC requirement can be relaxed with ΔP≤3dB relative to the condition which assumes both SSB and CSI-RS are present as the baseline:

· ΔP=0dB is optional to support for SSB based beam correspondence

· ΔP≤3dB is the baseline to support for SSB based beam correspondence
Observation 2: In TS 38.133, when periodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF which is QCL-TypeD with SSB, the beam sweep factor is limited to N=1. Hence, UE is not allowed to proceed P1 beam searching procedure under such condition.
Observation 3: CSI-RS configuration as in Table 1 agreed in RAN4 RF do not align with TS 38.133. The agreement should be cancelled.
Proposal 2: Revise the CSI-RS configuration for CSI-RS based beam correspondence as in Table 2:

Observation 3: For CSI-RS based beam correspondence, UE is expected to use SSB to proceed for P1 beam search procedure.
Proposal 3: To address the real deployment on FR2, PSD difference between SSB and CSI-RS can be set with 3dB in maximum for side condition.

Proposal 4: PSD of SSB and CSI-RS shall be configured with respect to the radiated requirements reference point
Proposal 5: CSI-RS based beam correspondence is defined as mandatory to support, CSI-RS based beam correspondence do not have any relaxation if 3dB PSD difference is provided.

Proposal 6: Beam peak direction for all other RF requirement test can take CSI-RS based beam correspondence as reference. All other RF requirement tests should be tested only once.
Proposal 7: For UEs pass/support bit-1(WithoutUL-BeamSweeping) CSI-RS based beam correspondence, Rel-15 BC with bit-1 declared automatically passed/supported regardless whether UE indicate bit 0 or bit 1 for Rel-15 BC.
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