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Introduction
The primary goal for enhancement of beam correspondence capability (BC) for rel. 16 is to ensure that the FR2 UE can perform beam refinement based on reference signal configured by the network. There are also other aspects of the rel. 15 requirement that could use refinement. In this contribution, we present our views on the rel. 16 enhancement of the beam correspondence requirement.
Discussion
In release 15, a UE could use either SSB or CSI-RS for UE DL Rx (‘P3’) beam refinement as a precursor to UL Tx beam choice. For rel. 16, the intent of FR2 WID (see annex) is to ensure UE can use the ‘reference signal configured by the network’. Consequently, a supporting UE would have as many ‘modes’ of beam refinement as there are reference signals. Namely:
· The UE should be able to rely on SSB alone for beam refinement
· The UE should be able to take advantage of CSIRS for beam refinement
Ensuring UE uses configured RS for beam refinement
SSB only
To ensure a UE uses SSB only, CSI-RS resources would simply have to be with-held from it. Rel. 15 agreements regarding SSB configuration can be adopted for release 16. 
CSI-RS 
Before delving into how the UE’s ability to use CSI-RS for beam refinement can be verified, we must first evaluate rel. 15 CSI-RS assumptions for applicability to rel. 16 requirements. The following problems reveal themselves in a rel. 16 context: 
· The side conditions in rel. 15 call for 8 CSI-RS repetitions per resource set, but UEs can limit their support to smaller values: {2, 3, 4, 5, 6, 7, 8}. See feature 2-26 of TS38.822. The side conditions in rel. 15 may simply not be supported by some UEs
· A discussion on deployment conditions would be helpful in choosing other parameters like frequency of repetition of CSI-RS resource sets.
· The BC requirement does not have a dynamic component to it, i.e. a UE must be allowed enough measurement opportunities to test out various beam hypotheses at each grid point.
[bookmark: _GoBack]We hence believe CSI-RS configuration for BC must be revisited for rel. 16
Observation 1: CSI-RS configuration from rel. 15 is not directly applicable to rel. 16 BC test.
When exercising the UE’s ability to use CSI-RS for beam refinement, the test environment cannot withhold SSBs altogether. The UE needs an anchor (SSB) to help start off the process of tracking with CSI-RS. In the field, in case of tracking failure, the UE could return to SSB to get ‘re-initialized’. Some implementations may also depend on SSBs as reference for various tracking loops. While CSI-RS-based workarounds are available for most SSB dependencies, they cannot be considered until mandatory to support. Moreover, since there is no guaranteed periodicity of CSI-RS P3 triggers in the field, the UE must adopt a hybrid algorithm that combines both SSB (guaranteed periodicity) and CSI-RS based measurements in beam management.
Observation 2: A UE cannot be deprived of SSB during rel. 16 BC test.
Since the test environment must provide for both, CSI-RS and SSB, the question for RAN4 is how to ensure the UE uses CSI-RS, not SSB, for beam refinement. We have outlined 3 options, described at a high-level below. 
Spatial separation of SSB and CSIRS
In this option, SSB would have to be sent to the UE from a different, and sufficiently removed AoA relative to source of CSI-RS. Spatial separation of SSB and CSIRS allows for a simple and realistic verification of which reference signal was used for beam refinement. This condition however violates the rules associated with QCL, and is unlikely to be found in deployment.
Reduced dwell time at each grid point
In this option, the idea is to discriminate based on the promise of much faster beam refinement when based on CSI-RS. Even if one ignores the out-of-scope dynamic requirement, this method may not be sufficiently selective in case of UEs that are tested with a systematic grid point sweep pattern. Even with a randomized grid point sequence, it remains difficult to ensure a UE does not benefit from SSB-based refinement. 
PSD differential between SSB and CSIRS
In this option, CSI-RS would be presented with higher PSD than SSB, reflecting the fact that CSI-RS may ride on refined DL beams from the gNB. Poor SSB SNR will put UEs that use SSB for beam refinement at a disadvantage. It was shown in [1] that the test environment can generate CSI-RS with high SNR, so significant differentiation can be injected into results, based on choice of reference signal. This method has the advantage of having the fewest deviations from deployment condition while maintaining feasibility with existing test set up assumption.
Observation 3: Rel. 16 BC with CSI-RS can be verified with PSD difference between SSB and CSI-RS favouring the latter 
Other test considerations
For future relevance to DL-MIMO, RAN4 could consider 2-layer CSI-RS 
UE capability
We think the enhancement would be built on an already developed ‘basic’ BC capability. Beam management is a central functional aspect of FR2 UEs, and it is a very significant undertaking for a UE to adopt a different RS as basis. Like other enhancement features, we think BC enhancement should be optional for the UE to support. 
Proposal 1: Rel. 16 Beam Correspondence enhancement shall be optional.
Other BC aspects
Rel. 15 BC requirements were only completed for PC3 devices. The other PC types must also possess good BC performance, even if lack of time in the work phase resulted in no explicit requirement in rel. 15. This situation of missing requirements can be redressed in rel. 16. 
For rel. 16, PC1, 2 and 4 BC requirement can be adapted from PC3 requirement for full beam correspondence. Partial BC requirement, an alternative BC requirement for PC3 UEs in rel. 15, is only a temporary allowance (‘mandatory with signalling’ [1]). The partial BC requirement definition also required long and tedious discussion, which, for a temporary feature, seems like poor use of RAN4 TUs.
Proposal 2: Full beam correspondence requirements (beamCorrespondenceWithoutUL-BeamSweeping = 1) shall be mandated for all power classes in rel. 16.

Note that no new RF requirements need to be defined to complete this task. The other supporting requirements for BC (min peak EIRP and spherical coverage) are already in place for all power classes.
Conclusion
A rel. 16 FR2 UE would have as many ‘modes’ of beam refinement as there are reference signals. Namely:
· The UE should be able to rely on SSB alone for beam refinement
· The UE should be able to take advantage of CSIRS for beam refinement
We found that testing for SSB-based BC is not challenging, but CSI-RS configuration may need to be revisited.
Observation 1: CSI-RS configuration from rel. 15 is not directly applicable to rel. 16 BC test.
Observation 2: A UE cannot be deprived of SSB during rel. 16 BC test.
Beam management is a central functional aspect of FR2 UEs, and it is a significant undertaking for a UE to adopt a different RS as basis. Like other enhancements, we think BC enhancement should be optional for the UE to support. 
Proposal 1: Rel. 16 Beam Correspondence enhancement shall be optional.
Rel. 15 BC requirements were only completed for PC3 devices. The other PC types must also possess good BC performance, even if lack of time in the work phase resulted in no explicit requirement in rel. 15. This situation of missing requirements can be redressed in rel. 16. 
Proposal 2: Full beam correspondence requirements (beamCorrespondenceWithoutUL-BeamSweeping = 1) shall be mandated for all power classes in rel. 16.

Note that no new RF requirements need to be defined to complete this task. The other supporting requirements for BC (min peak EIRP and spherical coverage) are already in place for all power classes.
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Annex
The objectives from the Rel. 16 WID for FR2 UE RF is excerpted below:
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4.1 Objective of Sl or Core part WI or Testing part WI

The purpose of this work item is to specify the following FR2 UE requirements
- Enhancements methods for avoiding radio link failures and connection releases due to significant and
unpredictable UE P-MPRs due to the FR2 UE RF exposure compliance reasons

> This work is started after RAN#84 when the Rel-15 requirements are completed

FR2 UE requirements for contiguous intra-band DL CA for aggregated bandwidth larger than 1400 MHz
- FR2 UE requirements for non-contiguous intra-DL CA for ageregated bandwidth larger than 1400 MHz FR2 UE
requirements for contiguous UL CA
- FR2 UE requirements for non-contiguous intra-band UL CA
> Phase 1: Study if both simultancous UE transmission on ageregated UL carriers and_non-simultancous
transmission on aggregated UL carriers with UE switching between fwo non-contiguous carriers could and
should be specified. Study potential impacts of non-simultancous transmission on RAN1 and/or RAN2
specifications
> Phase 2: Define FR2 UE requirements for non-contiguous intra-band UL CA based on the outcome of the
Phase 1 study
- FR2 UE requirements for inter-band DL CA
- FR2 UE requirements for inter-band UL CA
> Phase 1: Study if both simultancous UE transmission on ageregated UL carriers and_non-simultancous
transmission on aggregated UL carriers with UE switching between two carriers could and should be
specified. Study potential impacts of non-simultancous transmission on RAN1 and/or RAN2 specifications
> Phase 2: Define FR2 UE requirements for inter-band UL CA based on the outcome of the Phase 1 study
- Enhance FR2 UE MPR requirements by balancing with in-band emission requirements

This work item will also study, if FR2 UE spherical coverage requirements for PC3 for >20%-tile can be defined.




