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Introduction
In last RAN4 #94-e meeting, WF [1] on enhanced BC was discussed as below
· Issue 1. SSB-Based BC enhancement
· 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: Is feasible with ∆p = 0 dB
· Alt 1-2: Is feasible with 0 < ∆p ≤ 3 dB
· Alt 1-3: Is feasible with 3 < ∆p ≤ 5 dB
· Alt 1-4: Is not feasible
· Way forward: continue discussion of these alternatives until the next meeting
· Issue 2. CSI-RS-Based BC enhancement
· The method to achieve “CSI-RS only” condition:
· Alt 2-1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS
· Alt 2-2: decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
· Side conditions
· 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
· Way forward: continue discussion of open issues until the next meeting

In a few previous RAN4 meetings, RAN4 had agreed to keep the rel-15 BC requirements and only update the side conditions for enhancement BC requirements in rel-16. But 5 or 6 companies already shared could not keep the peak EIRP and spherical coverage requirements for SSB-based BC enhancement in rel-16. 
So, the SSB-based BC requirements is not feasible, so RAN4 only focus on the CSI-RS based BC enhancement in remaining two RAN4 meeting.
Anyway, RAN4 need more clear understanding how to apply the eBC capability requirements to rel-16 UE or rel-15 UE.
In this contribution, we share our views on the rel-16 enhancement of the CSI-RS based BC capability requirement.
Discussion
Clarification on the eBC capability requirements to rel-16 UE
In rel-15, RAN4 specified BC requirements based on both SSB& CSI-RS configured beam correspondence requirements. And the BC requirements is mandatory with capability in UE feature list in rel-15.

However, currently RAN4 specified enhanced BC capability in rel-16. The Rel-16 UE can report the enhanced BC capability signaling to gNB. Then gNB will be operated beam management based on the eBC capability of the UE.
If Rel-16 UE report SSB-based eBC capability, then gNB can configure with some narrow beam with SSB configuration. Even though UE beam management skill to measure the Rx beam, especially the number of Rx beam operation will be restricted according to SSB measurements and CSI-RS measurements.
So, the performance degradation would be raised based on UE beam management skill as shown in [2].
Furthermore, relaxation of EIRP spherical coverage for SSB-based eBC will be impacted for reducing OTA test time that RAN4 original intention is to skip the rel-15 BC requirements when RAN4 keep the existing BC performance requirements. However, if RAN4 define the relaxed SSB-based eBC requirements in rel-16, then RAN4 should test both rel-15 BC requirements and new eBC requirements in rel-16 since do not guarantee to satisfy the rel-15 BC requirements.
This is quite burden to increase the OTA test as UE vendor perspectives. It is almost exhaust two times OTA test time and cost.
Observation1: If RAN4 define relaxed eBC requirements using SSB-based in rel-16, then RAN4 should test both rel-15 BC requirements and new eBC requirements since RAN4 do not guarantee whether or not meet the legacy BC requirements.
Another issue is that RAN4 can define both SSB-based BC and CSI-RS based BC requirements in rel-16. Maybe there are three options to report eBC capabilities in rel-16.
· Option 1: Report both SSB-based and CSI-RS based eBC capabilities are signaled.
· Option 2: Report either SSB-based or CSI-RS based eBC capability is signaled.
· Option 3: Not report the eBC capability
For the option1 case, RAN4 need to define how to apply the min. UE RF core requirements. Simple way is that both eBC requirements will be satisfied for rel-16 UE. But the existing BC requirements in rel-15 can be skipped. 
For the option2 case, if CSI-RS based eBC can keep the legacy BC performance, then just single OTA test time is expected. However, the SSB-based eBC could be relaxed based on performance difference, then the UE need two times OTA test time and cost.
For the option 3 case, the UE only support legacy rel-15 BC requirements and do not support additional eBC requirements in rel-16. Then, the UE is just rel-15 supporting UE, which is not a rel-16 UE. Only the legacy BC requirements will be applied to the UE.
Therefore, RAN4 shall consider how to reduce the OTA test time and what is sufficient eBC requirements for UE beam management aspect.
We believe that option2 is best eBC reporting method, especially CSI-RS based eBC is sufficient for eBC requirements.
Observation2: When RAN4 consider UE real beam operating algorithm, the best eBC reporting is that either SSB-based or CSI-RS based eBC capability is signaled to gNB, especially CSI-RS based eBC requirements to reduce the OTA test time and keep the legacy BC performance.
Based on these two observations, we propose as follow
Proposal 1: RAN4 specify only CSI-RS resource based enhanced BC requirements in rel-16.

Open issues for CSI-RS based enhanced BC in rel-16 
CSI-RS based BC test configuration in rel-16
The preferred side conditions are shown with green highlighted as follow
· How to achieve “CSI-RS only” condition
· Option 1: Method 3 (SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS)
· Option 2: Method 4 (decrease SSB power until UE SSB based SS-SINR measurement reporting is within the threshold ≤-3dB)

Initial access BC test in rel-16
For the initial access BC requirements, RAN1 does not consider beam reciprocity between Tx beam and Rx beam in initial access process such as RACH procedure. Based on this, RAN4 do not any reason to specify the initial access BC requirements in rel-16. So we share our view as follow
·  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

Additional beam correspondence enhancements
Based on the 2nd round summary paper at 2nd round e-mail discussion, our preference is highlighted as follow:
· 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. Maybe it will further discuss in future release
· Feasibility of CA impact
· RAN4 can work on radiative degradation mechanisms for larger frequency separation [R4-2002826] can capture CA impact on beam correspondence. Basically, inter-band CA at FR2, the relaxation is not needed since individual beam management will be considered. However, intra-band NC CA with largest span, then it will be needed due to share panel.
· UL beam sweeping request indication
· Proposed enhancement is not feasible for Rel-16
-	Way forward: continue discussion of open issues until the next meeting.

Rel-16 enhancement BC UE capability
Basically, rel-16 enhanced beam correspondence requirements will be applied from rel-16. But basic beam correspondence requirements already specified in rel-15 using both SSB and CSI-RS configurations as mandatory with capability. And the target in rel-16 just improve the side conditions and keep the EIRP (peak and spherical) requirements. However, the SSB-based eBC was observed some performance relaxation. So this is not feasible to study the eBC requirements in rel-16.
So if UE support rel-16, then, the UE need to meet the rel-16 enhanced BC requirements. Then rel-15 BC requirement will be skipped as mentioned in WF [4]. However do not need two times of testing (for SSB-only and CSI-RS only). 
The UE only satisfy the CSI-RS based BC requirements as eBC capability.
Based on this we propose as follow 
Proposal 2: Enhanced Beam Correspondence in rel-16 shall be optional. If UE support rel-16, then, the UE need to meet the enhanced BC requirements which performance is same as the existing BC performance in rel-15. Then the BC requirement in rel-15 will be skipped as mentioned in WF [4]. 

Conclusion
In this paper, we provide our view on enhanced BC requirements in rel-16 as follow
Observation1: If RAN4 define relaxed eBC requirements using SSB-based in rel-16, then RAN4 should test both rel-15 BC requirements and new eBC requirements since RAN4 do not guarantee whether or not meet the legacy BC requirements.
[bookmark: _GoBack]Observation2: When RAN4 consider UE real beam operating algorithm, the best eBC reporting is that either SSB-based or CSI-RS based eBC capability is signaled to gNB, especially CSI-RS based eBC requirements to reduce the OTA test time and keep the legacy BC performance.

So, we propose as follow
Proposal 1: RAN4 specify only CSI-RS based enhanced BC requirements in rel-16.
Proposal 2: Enhanced Beam Correspondence in rel-16 shall be optional. If UE support rel-16, then, the UE need to meet the enhanced BC requirements which performance is same as the existing BC performance in rel-15. Then the BC requirement in rel-15 will be skipped as mentioned in WF [4].
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