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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]During RAN4#94e-Bis meeting, a way forward document R4-2005735 [1] on SSB based beam correspondence was agreed. The agreements helped progress on this topic and narrow down options. On the performance relaxation, ∆p, the following are the options: 
how much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present
Option 1: Is feasible with ∆p = 0 dB
Option 2: Is feasible with 0 < ∆p ≤ 3 dB
 In this contribution we share our views on the two options. 
Discussion
On the Rx beam sweeping capability
Rel-15 beam correspondence requirements are based on both SSB and CSI-RS being configured. Rel-15 beam correspondence requirements and test cases assume that UE utilizes both SSB and CSI-RS for beam correspondence. Looking back when the Rel-15 requirements were developed, several companies provided inputs that only SSB-based beam correspondence is not a sufficient requirement [2], with some of the reasons cited that beam correspondence is linked to metrics such as latency and verifying this requirement when UE is tracking beams in connected mode is very reasonable.
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For Rel-16, the WID specifies developing enhanced beam correspondence requirement based on SSB-only as DL reference signal [3]. For considerations on changing requirements or side conditions, it is important to understand the performance difference, between the SSB only and Rel-15 baseline SSB+CSI-RS based BC. 
For a R16 UE to meet the SSB-based BC, it needs to use fine beam to measure SSB and achieve certain SSB SNR. The performance relies on how many UE Rx beams are available and used for SSB L1-RSRP measurement and acquisition. It should be noted that the number of Rx beams could be restricted for some UE implementations. The performance degradation due to this restricted receive beam operation need to be captured. 
Observation 1: For some UE implementations, the limited number of Rx beam for SSB measurements needs to be taken into account when considering appropriate requirements.

Support of Mobility and BFD/BFR:
When the UE is at the cell edge, often finer transmit beams are employed for coverage.  The finer transmit beam should be in spatial relation with finer receive beams.  For a UE equipped with large number of receive beams, the beam refinement process (P3) based only on SSB consume a large searching time which make it difficult to support mobility/high mobility.  Also, with SSB every 20ms, the channel fluctuation between receive beam measurement could be quite high which would make finer receive beam unreliable.  In this case, SSB based coarse beam selection followed by faster P3 fine beam selection seems more practical.
In FR2, blocking is common.  How fast the UE could recover the TX-RX link has a significant impact on system performance. Due to time domain sparsity of SSB, SSB-only based fine Rx beam searching imposes a great amount of delay on the TX-RX link reestablishment which significantly degrade the system performance. Thus, SSB based coarse beam search is more likely.
For beam failure detection (BFD) and beam failure recovery (BFR) based on SSB, UE is required to monitor SSB.  The receive beam used for monitoring should be the same as for receiving PDCCH. Typically, receivers employ wider receive beam for PDCCH for a larger coverage area/mobility, compared to narrower receive beam for PDSCH.  In this case, only coarse beams are needed to monitor SSB beam quality.
From the above discussion, SSB based coarse receive beam searching are the typical and important scenarios.  As such, they should remain the import part of UE BC implementation.
It is argued that with sufficient time, UE could perform beam searching to the finest level. In the test how to ensure this aspect needs to be clarified. 
Observation 2: SSB-based coarse receive beam search/selection followed by finer beam selection is practical and common in many of the scenarios (e.g mobility). In the test how to ensure this aspect needs to be clarified. 
So, the Rel-16 enhanced beam correspondence test, we should ensure that the UE performs well under the most typical scenarios.  Thus, RAN4 requirement should impose the UE to perform the fine beam refinement based on SSB only.  If there is a such a strong desire to specify such a requirement, then it should not overburden UE implementation that work well in the most typical scenarios.

Proposal 1: For BC test based on SSB only, 3dB relaxation should be applied on UE beam correspondence requirement



Conclusion
This contribution, we provided some analysis and considerations for beam correspondence requirements based on SSB as DL reference signal. We provide following observations and proposals 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: For some UE implementations, the limited number of Rx beam for SSB measurements needs to be taken into account when considering appropriate requirements.
Observation 2: SSB-based coarse receive beam search/selection followed by finer beam selection is practical and common in many of the scenarios (e.g mobility). In the test how to ensure this aspect needs to be clarified. 
Proposal 1: For BC test based on SSB only, 3dB relaxation should be applied on UE beam correspondence requirement.
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6.6.4.3.1 Side Condition for SSB and CSI-RS
The beam correspondence requirements are only applied under the following side conditions:

- The downlink reference signals including bothSSB and CSI-RS are provided and Type D QCL shall be
maintained between SSB and CSI-RS.




