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1. Introduction
In RAN4#94bis-e meeting, two WFs[2][3] were agreed as an outcome of an email discussion[1]. Open issues to be addressed for WI competition are as below:
1. SSB-based Beam Correspondence
1) Performance relaxation
2) Relation to Rel-15 BC in terms of capability and test applicability
2. CSI-RS based Beam Correspondence
1) SSB SNR
3. Initial Access Beam Correspondence
4. Additional enhancements for Beam Correspondence
Note that the issue 1-2 and 3 depend on a decision on 1-1, and the test applicability rule also needs to be addressed in CSI-RS based BC context because UE may have different MOP characteristics for different reference signals for BC. In the light of these, we present our views in the following structure.
1. Performance relaxation for SSB-based BC
· We share experimental EIRP spherical coverage statistics based on an SSB-only BC strategy and views on beam refinement restriction due to RRM aspects
· We share our views on additional BC requirement during initial access procedure
2. SSB SNR for CSI-RS based BC
· We compare 3 options and investigate overall feasibility of each
3. Test applicability rule
· We propose a test applicability rule for UL concerning MOP condition
4. Additional enhancement
· We share our view on including RSRP and/or L1-SINR based additional BC enhancements
2. SSB-based Beam Correspondence
SSB-based beam correspondence capability is crucial because it is the basis of initial acquisition. Msg1 EIRP must meet peak EIRP and EIRP spherical coverage requirements of section 6.2 of TS38.101-2, while having no more than SSB as a reference signal.
Observation 1: A Rel-15 compliant UE already meets EIRP requirements (min. peak and spherical coverage) with SSB as the sole reference signal.
2.1 Experimental verification 
In addition to the basic logical argument above, we verified observation 1 by implementing a beam refinement strategy based on SSB measurements alone. The example UE was chosen for its superior spherical coverage, a detail that helps later for this analysis.
In Fig. 1, the EIS CCDF is presented on a reversed (1 dB/ x division) EIS scale to allow for shape comparison with EIRP CDF. The close similarity in shapes confirms that the same set of beams is used in both DL and UL, in high path loss conditions.  
While we have established from data that both UL and DL use the same beam set, it is not immediately clear if that set is composed of refined beams or rough beams. Further considerations are required:
1. The main clue is peak EIRP value. The peak EIRP value obtained from the CDF of SSB based BC is compared to the best EIRP obtained by manually characterizing each refined beam. The agreement (0.3 dB difference) between the ‘head’ of the CDF and the manually determined peak EIRP value confirms that EIRP in this CDF is indeed generated from refined beams. By shape similarity, the conclusion can be extended to sensitivity condition also.
2. A second consideration is the shape of the CDF. RRM requirements assume 7dB lower gain with rough beams. In reality we see smaller gain difference in PC3 devices, but still close to 10log(4). In context of this example UE’s CDF, one can conclude that no rough beams are used in the top 50% directions, which have less than 6dB gain drop from peak. It is therefore possible to confirm from measurements that refined beams have been used for all directions used to confirm spherical coverage compliance in this example UE. Note that the example UE’s superior spherical coverage merely helped illustrate the dependence on refined beams to establish spherical coverage. A typical UE’s beam management algorithm would still choose its most refined beams, although one would be challenged to derive beam type usage from observing the CDF in isolation. 
Observation 2: A UE’s ability to project UL power in any direction (EIRP) in connected mode is not compromised by SSB as choice of beam management reference signal.
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Fig. 1 EIRP and EIS statistics for UE with SSB-based beam correspondence

Proposal 1: SSB-based BC requirement is feasible without a performance relaxation
2.2 On RRM configuration 
SSB-based RRM requirements upper-bound the number of Rx beams to 8, in context of a specific cell search and measurement timeline/performance requirement. The standard however does not mandate that only rough beams can be used to measure SSBs. An example high level UE algorithm to implement SSB based beam refinement can be constructed as follows:
1. For serving-cell SSB measurements, use progressively refined beam when conditions allow
2. To search other cells/SSBs, use rough beams on other SSB bursts in SMTC windows
When a UE measures serving SSB, per RRM requirements, the UE is always provided with at least 8 serving SSBs. With this configuration, UE may sweep 8 different directions or it may perform a one-shot serving SSB measurement and save power. Recall that L1-RSRP performance requirements are defined based on single-shot measurement. For new-cell detection and/or detected-cell measurement, the standard allows UE to not expect downlink/uplink scheduling.
Observation 3: UE can progressively refine beam based on serving SSB while satisfying RRM requirements.
2.3 Beam Correspondence during Initial Access Procedure
For mobile UE in FR2, UE autonomous beam correspondence is essential for overall system performance optimization in terms of resource utilization, power consumption, latency reduction, etc. Its importance is however not limited to RRC Connected mode. For example, Msg3 and Msg5 in RACH are PUSCH and PUCCH respectively, and these channels must make do exclusively with SSB for beam refinement. In other words, verification of capability in observation 1 is an important safeguard for network performance. We believe this important aspect can be indirectly assessed through a Rel-16 SSB-based BC test that verifies peak and spherical coverage EIRP per Rel-15 requirements.
Observation 4: If Rel-16 SSB-based BC is introduced without performance relaxation compared to Rel-15 BC, and if a UE satisfies the requirement, the UE is considered to support an autonomous BC during initial access procedure.
3. CSI-RS based Beam Correspondence
In order to ensure that a UE satisfying Rel-16 CSI-RS based BC requirement doesn’t purely rely on SSB for beam management, RAN4 discussed how to and how much SSB SNR should get lowered compared to Rel-15 BC side condition. 
· Alt 1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS
· 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
The above alternatives can be categorized as fixed SSB SNR vs. UE feedback (SSB-based measurement or SSB-based UL beam) based one. The feasibility of the latter (Alt 2 and Alt 3) has a dependency on respective UE capability as below.
· Alt 2: SS-SINR is an optional feature
· Alt 3: It cannot be applied to UEs not capable of SSB-based BC
UE feedback based approaches have to accommodate uncertainties associated with UE beam management.implementation.  For example, in Alt 2, as SS-SINR incorporates UE beam forming gain, there can be a case where a reported SS-SINR doesn’t monotonously decrease in response to DL transmission power decrease depending on when and whether UE switches Rx beam from rough to finer one. In Alt 3, there’s a high chance that UE may keep the latest beam even when serving SSB becomes invisible in terms of beam reference resource after SSB SNR is lowered to a certain threshold, which results in decreasing Z in step 3 [4] more than necessary.
Proposal 2: In Rel-16 CSI-RS based BC, SSB’s PSD is back-off by [9]dB from Rel-15 SSB’s PSD.
4. Test Applicability Rule
There were concerns about UL testability and an increase in test cases in case if UE has different MOPs for different BC test cases because there can be three different MOPs corresponding to Rel-15 BC, Rel-16 SSB-based BC, and Rel-16 CSI-RS based BC. To address the concern, a UE capable of Rel-16 BC can go through all UL tests requiring MOP condition based on the Rel-16 RS it declares support for. If the UE supports both types of BC RS defined in Rel-16, it can be followed by one representative UL test (e.g. min peak EIRP testing) using the second RS. If a UE declares support for both types of RS for beam correspondence, i.e. SSB and CSI-RS, it should be able to meet all requirements with either set of RSs. So the choice of ‘first’ or primary set of RS should be left to RAN5 discretion. Besides, if Rel-16 SSB-based BC requirement is defined without a performance relaxation, a UE satisfying Rel-16 SSB-based BC requirement can be allowed to skip Rel-15 BC test. This applicability rule can also apply to UEs capable of Rel-16 CSI-RS based BC.
Proposal 3: For a UE capable of Rel-16 BC, all UL tests requiring MOP condition are conducted based on the Rel-16 RS-set it declares support for. If the UE supports both types of RS-sets for Rel-16 BC, one UL representative test (e.g. min peak EIRP testing) using the second RS is additionally conducted.
· If a UE declares support for both types of RS for Rel-16 BC, it should be able to meet all requirements with either set of RSs. And the choice of ‘first’ or primary set of RS should be left to RAN5 discretion.
Proposal 4: If Rel-16 SSB-based BC requirement is defined without a performance relaxation compared to Rel-15 BC, a UE satisfying Rel-16 SSB-based BC requirement is allowed to skip Rel-15 BC test.
Proposal 5: A UE satisfying Rel-16 CSI-RS based BC requirement is allowed to skip Rel-15 BC test.
5. Additional Enhancements for Beam Correspondence
There were proposals for additional enhancements for BC taking advantage of RSRP and/or L1-SINR reports. Overall, we also believe that there can be benefits of saving network resource and improving robustness of beam correspondence if L1-SINR and other measurements can be utilized. However, it will be up to network implementation choice to decide whether and how many SRS resources will be configured for UEs based on reported measurements, e.g. L1-SINR, when available because nothing prevents the network from utilizing any reported measurements. On the other hand, if we are expecting UE to adaptively select the required number of SRS resources to be actually transmitted based on, for example, the most recently reported measurement, corresponding detailed UE and network behaviours, signalling, etc. have to be first defined.
Conclusion: RAN4 to not discuss additional performance enhancements based on UE measurement reports unless its integrated framework such as signalling, network/UE behaviour is defined by other working groups.
3.	Conclusion
We provided experimental results verifying a feasibility of Rel-16 SSB-based BC requirement without performance relaxation.
Observation 1: A Rel-15 compliant UE already meets EIRP requirements (min. peak and spherical coverage) with SSB as the sole reference signal.
Observation 2: A UE’s ability to project UL power in any direction (EIRP) in connected mode is not compromised by SSB as choice of beam management reference signal.
Proposal 1: SSB-based BC requirement is feasible without a performance relaxation

Based on observations and proposal, our view on BC during initial access procedure was provided.
Observation 4: If Rel-16 SSB-based BC is introduced without performance relaxation compared to Rel-15 BC, and if a UE satisfies the requirement, the UE is considered to support an autonomous BC during initial access procedure.

For CSI-RS based BC, we analysed candidate methods for SSB SNR determination and came to the proposal.
Proposal 2: In Rel-16 CSI-RS based BC, SSB’s PSD is back-off by [9]dB from Rel-15 SSB’s PSD.

In order to minimize an increase in test cases and avoid UL test ambiguities, we proposed:
Proposal 3: For a UE capable of Rel-16 BC, all UL tests requiring MOP condition are conducted based on the Rel-16 RS-set it declares support for. If the UE supports both types of RS-sets for Rel-16 BC, one UL representative test (e.g. min peak EIRP testing) using the second RS is additionally conducted.
· If a UE declares support for both types of RS for Rel-16 BC, it should be able to meet all requirements with either set of RSs. And the choice of ‘first’ or primary set of RS should be left to RAN5 discretion.
Proposal 4: If Rel-16 SSB-based BC requirement is defined without a performance relaxation compared to Rel-15 BC, a UE satisfying Rel-16 SSB-based BC requirement is allowed to skip Rel-15 BC test.
Proposal 5: A UE satisfying Rel-16 CSI-RS based BC requirement is allowed to skip Rel-15 BC test.

Lastly, we investigated an open issue about additional enhancements for BC, and came to the conclusion:
Conclusion: RAN4 to not discuss additional performance enhancements based on UE measurement reports unless its integrated framework such as signalling, network/UE behaviour is defined by other working groups.
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