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Introduction
In RAN4#94e, SSB based BC was further discussed, but no consensus was reached, especially whether relaxation is allowed comparing with Rel-15 BC requirement. The fundamental issue is from understanding that if SSB can provide fine beam refinement.  In this contribution, we present our view on SSB based beam correspondence related open issues.
Discussion 
During RAN4#94e meeting, a draft WF on beam correspondence summarizing potential agreements of the disucssion was not approved at last minutes. But it captured the key outcomes of the discussion.   Topic 1: Beam correspondence based on SSB 
Whether BC based on SSB requirement is feasible with FFS on whether and how much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present
· Alt 1-1-1: Is feasible with ∆p = 0 dB
· Alt 1-1-2: Is feasible with 0 < ∆p ≤ 3 dB
· Alt 1-1-3: Is feasible with 3 < ∆p ≤ 5 dB
· Alt 1-1-4: Is not feasible
· Way forward: continue discussion of these alternatives until the next meeting
· Side conditions
· SSB min SNR level = 6 dB
· P3 CSI-RS configuration is not used
· Tracking CSI-RS min SNR
· Alt 1-2-1: 6 dB
· Alt 1-2-2: up to RAN5
· Way forward: continue discussion of open issues until the next meeting

Topic 2: Beam correspondence based on CSI-RS 
· RAN4 should identify the deployment scenario that this test is going to verify. 
· The “CSI-RS only” condition is necessary for RAN4 to specify requirements and test configuration for BC based on CSI-RS.
· The method to achieve “CSI-RS only” condition:
· Alt 2-1-1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS
· Alt 2-1-2: decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
· Side conditions
· Alt 2-2-1:
· P1 CSI-RS is configured, the QCL (qcl-TypeD) relation is configured as ‘SSB’, Periodicity is Slot80(120kHz)
· P2 CSI-RS is not configured
· P3 CSI-RS configuration
· maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand repetitions per resource set
· QCL Type C to SSB and Type D to SSB
· Alt 2-2-2:
· P1 CSI-RS is configured, the QCL (qcl-TypeD) relation is configured as ‘none’, Periodicity is Slot80(120kHz)
· P2 CSI-RS is not configured
· P3 CSI-RS configuration
· maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand repetitions per resource set
· QCL Type D to P1 CSI-RS
· Way forward: continue discussion of open issues until the next meeting

Topic 3: Initial access beam correspondence
· [bookmark: _Hlk36811094] Whether RAN4 shall introduce a requirement on initial access beam correspondence
· Alt 3-1: Yes
· Alt 3-2: No
· Alt 3-3: Verify a related “BC property”
· Proposed solutions are FFS and pending agreement on the feasibility of the requirement
· Way forward: continue discussion of open issues until the next meeting

Topic 4: Additional beam correspondence enhancements
· Feasibility of utilizing the existing UE measurement including RSRP and/or L1-SINR
· Alt 4-1-1: Proposed enhancement is feasible for Rel-16
· Alt 4-1-2: Proposed enhancement is not feasible for Rel-16
· Feasibility of CA impact
· RAN4 work on radiative degradation mechanisms for larger frequency separation [R4-2002826] can capture CA impact on beam correspondence
· UL beam sweeping request indication
· Proposed enhancement is not feasible for Rel-16
· Way forward: continue discussion of open issues until the next meeting

Topic 5: Beam correspondence capability aspects
· The following open issues are recommended for further discussion until the next meeting:
· Whether the Rel-15 UE bit0/bit1 BC capability is applicable to Rel-16 enhancements
· Whether a new capability for Rel-16 enhanced beam correspondence is needed
· Test applicability rule




In this contribution, we focus on SSB based beam correspondence:
1) Whether BC based on SSB requirement is feasible 
2) Whether RAN4 shall introduce a requirement on initial access beam correspondence.

First, we discuss feasibility of SSB based beam correspondence from RRM L1-RSRP measurement perspective.

In our previously submitted contribution [1], we drew a conclusion that SSB signals can be used as reference signals for UE to select the best Rx ‘fine’ beams and corresponding Tx beams when UE is in CONNECTED_MODE, but restriction on SSB periodicity must be imposed in real deployment to accommodate mobility. 

For UE to performance SSB based beam correspondence, it has to rely on SSB based L1-RSRP measurement for Rx beam sweeping. The first question is if there is enough SSB opportunities for Rx fine beam sweeping? To answer this question, we need to look at the SSB based L1-RSRP reporting requirements specified in 38.133.

In clause 9.5.4.1 in 38.133, UE is required to report one SSB based L1-RSRP measurement over the measurement period of TL1-RSRP_Measurement_Period_SSB.
9.5.4.1	SSB based L1-RSRP Reporting
The UE shall be capable of performing L1-RSRP measurements based on the configured SSB 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_SSB.
…


The measurement period TL1-RSRP_Measurement_Period_SSB is defined in the table below excerpted from clause 9.5.4.1.

[bookmark: _Hlk36675596]Table 9.5.4.1-2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.



where
-	M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise 
-	N= 8
-   P is a scaling factor  1, it is a function of TSSB, MGRP and TSMTCPeriod. 
			TSSB = ssb-periodicityServingCell
			TSMTCperiod = the configured SMTC1 period or SMTC2 period if configured

A UE, if configured, is required to report one SSB based L1-RSRP measurement for serving cell within TL1-RSRP_Measurement_Period_SSB ms within which at least 8 SSB blocks (since M=1 or 3, N=8 and P1), dedicated for L1-RSRP measurement, can be used for Rx beam sweeping and UE can find best Rx beam and report the corresponding measurement.

Observation 1: RRM requirement on SSB based L1-RSRP measurement period provides UE at least 8 SSB blocks to perform Rx beam sweeping for serving cell.

Proposal 1: Network needs to configure SSB resource for L1-RSRP measurement, including SSB-index configured for L1-RSRP measurement, TSSB, TSMTCperiod, TReport and DRX which is optional.

Measurement restriction for SSB based L1-RSRP measurement defined in 38.133 gives UE the flexibility on measurement when SSB and CSI-RS are scheduled at same OFDM symbols. In this case, only one RS signal, either SSB or CSI-RS, is measured and no requirement on measurement period.
   9.5.5.1	Measurement restriction for SSB based L1-RSRP
…
For FR2, when the SSB for L1-RSRP measurement is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.

Observation 2: measurement restriction for SSB based L1-RSRP measurement gives UE flexibility to decide which to measure between SSB based L1-RSRP and CSI-RS based L1-RSRP, RLM, BFD, or CBD if SSB and CSI-RS are within the same OFDM symbols and no requirement is defined on measurement period.

In 38.133 the scheduling availability of UE performing L1-RSRP measurement on FR2 guarantees UE the freedom to perform Rx beam sweeping in single carrier, intra-band CA except for certain RMSI control and data packages.9.5.6.3	Scheduling availability of UE performing L1-RSRP measurement on FR2
The following scheduling restriction applies due to L1-RSRP measurement.
-	For the case where RS for L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1 applies as specified in clause 9.4.5.2
-	There are no scheduling restrictions due to L1-RSRP measurement performed based on the CSI-RS.
-	Otherwise
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on RS for L1-RSRP measurement symbols to be measured for L1-RSRP measurement.
When intra-band carrier aggregation is performed, the scheduling restrictions on serving cell where L1-RSRP measurement is performed apply to all serving cells in the band on the symbols that fully or partially overlap with restricted symbols.

If following conditions are met,
-	UE has been notified about system information update through paging,
-	The gap between UE’s reception of PDCCH that UE monitors in the Type 2-PDCCH CSS set and that notifies system information update, and the PDCCH that UE monitors in the Type0-PDCCH CSS set, is greater than [2] slots,
For the SSB and CORESET for RMSI scheduling multiplexing patterns 3, UE is expected to receive the PDCCH that UE monitors in the Type0-PDCCH CSS set, and the corresponding PDSCH, on SSB symbols to be measured for L1-RSRP measurement; and 
For the SSB and CORESET for RMSI scheduling multiplexing patterns 2, UE is expected to receive PDSCH that corresponds to the PDCCH that UE monitors in the Type0-PDCCH CSS set, on SSB symbols to be measured for L1-RSRP measurement.



Observation 3: Scheduling availability of UE performing L1-RSRP measurement on FR2 allows UE to not transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI during SSB symbols configured for L1-RSRP measurement except for receiving certain RMSI control and data symbols.

Based on above discussion, we can see that RRM requirements on SSB based L1-RSRP measurement provide enough SSB opportunities for UE to do fine beam sweeping. Measurement restriction provides flexibility on L1-RSRP measurement when SSB configured for L1-RSRP measurement and CSI-RS configured for L1-RSRP, RLM, BFD, or CBD overlap in time. Scheduling availability further allows UE to focus on SSB L1-RSRP measurement and ignore other scheduled channels when overlapping with SSB symbols (in time) except for certain RMSI. In our previous contribution [1], different test time for each test grip was proposed. In order to align with minimum requirements on RRM SSB based L1-RSRP measurement period, the following is proposed.

Proposal 2: For Rel-16 SSB based beam correspondence, the same performance as defined in Rel-15 should be kept in conformance test in RRC_CONNECTED mode under the condition that TL1-RSRP_Measurement_Period_SSB ms is minimum test time for each test grid. 

Another on-going discussion related to SSB based beam correspondence is whether RAN4 shall introduce a requirement on initial access beam correspondence.

[bookmark: _GoBack]In our previous contribution [1], UE’s Initial access was analyzed by using coarse beam. Since during initial access UE needs to detect many candidate cells, in order to do cell selection or reselection. During this process, coarse beam is assumed. On the other hand, both UL/DL initial access waveforms are with high coding gain including possible HARQ retransmissions, coarse beam is not a limiting factor for cell coverage during initial access. There should be no restriction on UE implement to force UE to use fine beam in initial access. 

Proposal 3:  RAN4 does not introduce a requirement on initial access beam correspondence.

Conclusion
We further discuss SSB based beam correspondence from RRM requirements on SSB L1-RSRP measurement. It seems that there are enough opportunities for UE to fine tune the narrow beams within serving cells. 

Observation 1: RRM requirement on SSB based L1-RSRP measurement period provides UE at least 8 SSB blocks to perform Rx beam sweeping for serving cells.

Proposal 1: Network needs to configure SSB resource for L1-RSRP measurement, including SSB-index configured for L1-RSRP measurement, TSSB, TSMTCperiod, TReport and DRX which is optional.

Observation 2: measurement restriction for SSB based L1-RSRP measurement gives UE flexibility to decide which to measure between SSB based L1-RSRP and CSI-RS based L1-RSRP, RLM, BFD, or CBD if SSB and CSI-RS are within the same OFDM symbols and no requirement is defined on measurement period.

Observation 3: Scheduling availability of UE performing L1-RSRP measurement on FR2 allows UE to not transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI during SSB symbols configured for L1-RSRP measurement except for receiving certain RMSI control and data symbols.

Proposal 2: For Rel-16 SSB based beam correspondence, the same performance as defined in Rel-15 should be kept in conformance test in RRC_CONNECTED mode under the condition that TL1-RSRP_Measurement_Period_SSB ms is minimum test time for each test grid. 

Proposal 3:  RAN4 does not introduce a requirement on initial access beam correspondence.
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