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1 Introduction
In RAN4 #94bis-e meeting, WF[1][2] on beam correspondence enhancement was approved. For CSI-RS BC, following agreements are captured:
	· SSB shall be present and configured as part of side conditions for Rel-16 CSI-RS based BC

· “CSI-RS only” condition shall be guaranteed to prevent UE making use of SSB for P3 beam refinement

· The method to achieve “CSI-RS only” condition:

· Alt 1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS

· Continue discussing how to determine X

· 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 [5]

· Other alternatives can be discussed including the one where P1 CSI-RS QCL info is set to “none”
Note: it is agreed that in the final RAN4 specification, the term “CSI-RS only” will not be used 


While for SSB only BC, we have following agreements:

	· Whether BC based on SSB-only requirement is feasible:
· Yes, but need an applicability rule to avoid minimize increase in test cases and test time compared with Rel-15
· how to define the applicability rule for peak direction:
· A single beam peak direction shall be chosen for other UL tests based on Rel-15 vs Rel-16 test-skipping rule:

· 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

· Side condition for BC based on SSB-only
· SSB min SNR level=6dB

· Side condition for Tracking CSI-RS(use for DMRS of PDCCH)
· min SNR level=6dB

· New capability for BC based on SSB-only is introduced:
· Whether it is mandatory with capability or optional with capability will be discussed in feature list group

· Relationship to the Rel-15 capability
· Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1)

· Further discuss on the details in the next RAN4 meeting

· Rel-15 BC test is declared automatically passed if a UE passes Rel-16 BC test using the same SSB configuration and SNR as in Rel-15

· Further discuss on the details in the next RAN4 meeting

· FFS for test case simplification if performance degradation for SSB based BC can be agreed


This paper provides further analysis and solutions for the divergence on this topic
2 Discussion
2.1 CSI-RS only/based beam correspondence
2.1.1 Beam management configuration in current RAN1/2 spec

In TS 38.214 and TS 38.331, CSI-RS can be configured as beam management usage with periodic and aperiodic, which are also defined as repetition on and off in TS 38.331. Where repetition is configured in CSI-RS resource set as below:
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 For periodic CSI-RS configuration, we copy the configuration IE as below:
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For QCL-info configuration, it is specified as optional present which means the gNB/TE is allowed configure this QCL-Info as ‘none’. 

Meanwhile, in TS 38.214, QCL configuration for NZP-CSI-RS-ResourceSet with higher layer parameter repetition is specified as below:

For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):

-
'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or

-
'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or

-
'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block.

From TS 38.214, we can see that ‘QCL-TypeD’ is not always provided by gNB reflecting with the word “when applicable”.
Observation 1: Periodic CSI-RS beam management can be configured as QCL-info=’none’ which is justified with RAN1/2 specification.

2.1.2 Whether CSI-RS only is excluded from Rel-16 BC enhancement
From the WF[1], we can see companies prefer to exclude CSI-RS only scenario from Rel-16 BC enhancement. It even concludes with some weird concept transform that CSI-RS only wording will not be used, instead with CSI-RS based Beam correspondence. We understand on the implementation consideration on CSI-RS only, but whether this scenario can be excluded from Rel-16 depends on deployment usage, not depends on implementations. 
During the discussion, it is highlighted that UE behaviour is not defined in RAN1 spec if periodic CSI-RS beam management is configured as QCL-info=’none’. Actually, UE behaviour for periodic CSI-RS beam management configured as QCL-info=’SSB’ is also not provided in TS 38.214. UE behaviour on Beam measurements for both QCL configurations are up to UE implementation. However, UE behaviour on beam management is not within RAN4 RF study range. It is better to send LS to RAN1.
For CSI-RS only beam measurement scenario, which means periodic CSI-RS beam management without SSB QCL relation, it can be used for the cases:
· High speed scenario: beam measurement on P1 CSI-RS can be faster than SSB based beam measurement, which SSB measurement is limited by its periodicity. CSI periodicity can be configured with 4ms while SSB cannot be.
· If No SSB is configured within the active BWP: how could UE proceed with SSB measurement at each time to switch outside the BWP. If UE need to measure with SSB outside BWP, then there would be a BWP swithing delay for each SSB based measurement.
Hence, CSI-RS only beam correspondence cannot be excluded from Rel-16 BC enhancement. If P1 CSI-RS is simply QCL-ed to SSB, it actually means UE can skip P1 CSI-RS measurement and just use the maintenance on SSB measurement as the P1 measurement result, even there is XdB PSD difference between SSB and CSI-RS. Combining with aperiodic CSI-RS configuration (P3 CSI-RS), it actually a test case with both SSB and CSI-RS, which has already defined in Rel-15 BC requirement. We do believe RAN1 has consideration on different scenarios which allows on QCL relation to be configured ‘none’, the issue could be also included in the LS.
Observation 2: CSI-RS only beam correspondence should not excluded from Rel-16 BC for the important usage cases.
Proposal 1: Send an LS to RAN1 asking for CSI-RS only beam correspondence necessity and configuration.
2.1.3 PSD difference between SSB and CSI-RS 
For CSI-RS with SSB assisted beam correspondence, PSD difference need to be configured as proposed by some companies. The difference was proposed to be as 6dB. In our understanding, this difference should not be decided in a fixed value. There could be a relation between this PSD difference and EIRP in each test grid. Before the beam correspondence test, we could design a calibration procedure for this PSD difference. We provide one example calibration procedure here:
1. Provide SSB only signal with SNR=X to the UE, measure the EIRP value for corresponding beam
2. Reduce SSB only signal with ∆SNR=2dB granularity to the UE, measure the EIRP value with beam correspondence until the ∆EIPR>Y dB, where ∆EIPR means the difference between corresponding beam and best beam.
3. Make SSB SNR with the condition that ∆EIPR>Y dB, record the SSB signal SNR as Z

4. Decide on PSD difference for CSI-RS and SSB according to the calibration procedure
Observation 3: If we introduce the CSI-RS with SSB assisted beam correspondence test for UEs do not support CSI-RS only BC, the PSD difference should be decided by a calibration procedure that the procedure can find a SSB signal that makes the ∆EIPR>Y dB.
Observation 4: the calibration procedure to ensure on the CSI-RS based condition will increase the test time much on beam correspondence requirement.

2.1.4 Analysis on problems raised in [3]

· Problem 1: draft CR[4] is no pursued.

We copy the change mark in draft CR here:

For a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition, if qcl-InfoPeriodicCSI-RS is not configured for the CSI-RS resource, UE shall assume that the TCI state or QCL assumption for CSI-RS resource is identical to the TCI state or QCL assumption whichever applied for the latest received PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI .
This CR is focus on the CSI calculation which is without relation of beam management or TRS. So it has no relation with beam correspondence.
· Problem 2: UE consume more time and energy to train its Rx beam based on P1 CSI-RS.
If UE trains its Rx beam based on SSB, then it is not CSI-RS only beam correspondence.

Since CSI-RS has shorter periodicity (4ms for periodic CSI-RS, 20ms for SSB), UE actually consume less time and energy based on P1 CSI-RS than SSB. 
· Problem 3: If there is no explicit QCL relation between SSB and P1 CSI-RS, UE would have to conduct two independent beam managements which may end up with conflict with each other.
It is gNB’s consideration to configure separate or related beam managements to the UE. For high speed scenario, shorter training procedure is required, separate beam managements need to be configured to the UE. 

· Problem 4: When P1 CSI-RS based beam tracking fails, UE cannot fallback to SSB-based Rx beam without going through RLF.

SSB should be always tracked, there is no chance that UE cannot fallback to SSB-based Rx beam.

Additionally, CSI-RS can also be used for beam recovery.

Observation 5: Problems raised in [3] are not correct understanding on beam management protocol.
2.2 SSB only beam correspondence
2.2.1 RF requirement degradation for SSB-only beam correspondence test
SSB only beam correspondence means the TE don’t provide any other reference signal except SSB for UE on DL beam measurement and choosing the corresponding UL beam. Companies are aware of that TE can only provide 1 SSB indices for each 20ms as per agreed in RAN5, this limitation generates big difference compared with the real communication which provides 64 SSB for each 20ms. 1 SSB would cause UL and DL beam matching deviation in nature. 
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Fig 1. BC performance comparison (1 SSB [test environment] and 64 SSB [real network])

Observation 6: the current SSB configuration for Beam correspondence test have impact on the UL and DL beam match accuracy.
In [5], one kind of “high-level algorithm” was mentioned which use the hierarchical searches to increase the beam width/elements number driven by SNR on the baseband plane. Such hierarchical algorithms are generally existed in the baseband implementation, but we cannot ignore that whether it accords with the beam management design of RAN1 spec. In fact, “Hierarchical search” is implemented by P1->P2>P3 procedure, where P3 procedure is considered as aperiodic in RAN1/RAN2 spec in which UE would complete beam refinement with gNB. SSB based beam measurement is periodic which is considered to search for the DL beam roughly and reports measurement result to the network. Hence rough beam is allowed to use for P1 procedure and 7dB SNR difference is defined in TS 38.331. It is actually compromise between search time and DL beam selection accuracy.  

Observation 7: rough or fine beam selection in P1 procedure is compromise between search time and DL beam selection accuracy, whether refinement shall be fulfilled in P1 procedure in up to UE implementation.

Observation 8: rough beam DL beam search will cause 7dB SNR difference which is defined in TS 38.133.
The other issue is that, as mentioned in [5] that “For equal PSD reference signals, SNR at baseband reference plane is driven by UE choice of spatial combining configuration in its antenna, not RS type (SSB or CSI-RS) ”. With a relatively high SNR condition, the UE may consider the SNR of the current adopted rough beam is enough for demodulation, but this beam is not the best DL beam and it will impact the test result on UL corresponding beam. So it is not only the SNR issue, it is whether UE can find the best DL beam matching for the SSB beam direction. Even the SNR condition is configured 7dB higher than Rel-15(6dB), the absent of refinement will cause the beam correspondence RF requirement loss.

Observation 9: UE using rough beam in P1 procedure cannot fulfill the RF requirement of beam correspondence defined in the current spec even side condition on SNR is increased by 7dB.

Therefore, if we define the SSB only BC test, the BC RF requirement need to be redefined accordingly. 3dB degeneration shall be provided for the limitation on SSB number in the RF test and the rough beam usage to make beam searching faster. The proposed RF requirement definition are as below:

· If [bit-1], the UE shall meet the minimum EIRP requirement with 3dB tolerance for both peak direction and 50% CDF directions. Such a UE is considered to have met the beam correspondence tolerance requirement.

· If [bit-0], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with uplink beam sweeping.  Such a UE shall meet the beam correspondence tolerance requirement defined in Clause 6.6.4.2 and shall support uplink beam management, as defined in TS 38.306 [14].
Table 6.6.4.2-1: UE beam correspondence tolerance for power class 3

	Operating band
	Max ∆EIRPBC at 85th %-tile ∆EIRPBC CDF (dB)

	n257
	[6.0]

	n258
	[6.0]

	n260
	[6.2]

	n261
	[6.0]

	NOTE:
The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1


Proposal 2: For SSB only based BC, 3dB degeneration for both bit 1 and bit 0 UEs on Beam correspondence requirement shall be provided. 

3 Conclusion

In this contribution we discussed on the open issues on beam correspondence requirement, according to the analysis, we have the following proposals:
Observation 1: Periodic CSI-RS beam management can be configured as QCL-info=’none’ which is justified with RAN1/2 specification.

Observation 2: CSI-RS only beam correspondence should not excluded from Rel-16 BC for the important usage cases.

Proposal 1: Send an LS to RAN1 asking for CSI-RS only beam correspondence necessity and configuration.
Observation 3: If we introduce the CSI-RS with SSB assisted beam correspondence test for UEs do not support CSI-RS only BC, the PSD difference should be decided by a calibration procedure that the procedure can find a SSB signal that makes the ∆EIPR>Y dB.
Observation 4: the calibration procedure to ensure on the CSI-RS based condition will increase the test time much on beam correspondence requirement.

Observation 5: Problems raised in [3] are not correct understanding on beam management protocol.
Observation 6: the current SSB configuration for Beam correspondence test have impact on the UL and DL beam match accuracy.
Observation 7: rough or fine beam selection in P1 procedure is compromise between search time and DL beam selection accuracy, whether refinement shall be fulfilled in P1 procedure in up to UE implementation.

Observation 8: rough beam DL beam search will cause 7dB SNR difference which is defined in TS 38.133.
Observation 9: UE using rough beam in P1 procedure cannot fulfill the RF requirement of beam correspondence defined in the current spec even side condition on SNR is increased by 7dB.

Proposal 2: For SSB only based BC, 3dB degeneration for both bit 1 and bit 0 UEs on Beam correspondence requirement shall be provided. 
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