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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. In the agreed WF [1], CSI-RS configuration details and candidates for side condition are summarized. From the discussion in RAN4 #93 meeting, the following bullets were perceived as the most controversial issues.
· Whether CSI-RS can be configured with ‘qcl-TypeD = none’ in FR2, and whether UE behaviour is specified in spec.
· How to ensure UE performs eBC based on configured CSI-RS(s) by the network
In RAN4#94-e, RAN4 discussed “Beam correspondence based on CSI-RS” [1] for 2 weeks and an WF [2] was proposed as an outcome of discussion, which includes the following and was very close to the agreement.
· 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
However, it couldn’t get agreed and we didn’t really have a chance for a technical debate on the above issue, hence, in this contribution, we re-iterate our view on it as was shared in RAN4#94-e.
Another proposal in [2] is how to achieve “CSI-RS only” condition. We also provide our view on the following alternatives in the contribution.
· 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
Discussion
CSI-RS configurations
Most alternatives in the CSI-RS configuration table of [3] boil down to the following issues.
1) Whether CSI-RS can be configured with ‘qcl-TypeD = none’ in FR2, and whether UE behaviour is specified in spec.
2) Whether P1 CSI-RS is necessary for the test

For the first aspect, we provide more arguments supporting why configuring CSI-RS with ‘qcl-TypeD = none’ in FR2 is not fully supported by the current spec on top of what we already presented in [4].
Firstly, it should be noted that CR [5] for “Default QCL assumption for periodic CSI-RS” was discussed in RAN1 #89 but rejected with the following decision. 
Decision: No further discussion in Rel-15. The draft CR is not pursued.
In other words, even in RAN1 where CSI-RS configurations and pertinent UE behavior should be defined, there was no clear assumption on default QCL and subsequent UE behavior when qcl-TypeD of periodic CSI-RS is absent. In order to resolve issues that may arise when such an unexpected configuration is provided by network, [5] proposed to add default QCL assumption so that a subsequent UE behavior can be clearly defined. This, however, was not accepted by RAN1. Therefore, all test cases requiring periodic CSI-RS should avoid configuring qcl-typeD = ‘none’.
Observation 1: There is neither a default QCL assumption nor a subsequent UE behaviour in RAN1 when qcl-TypeD of periodic CSI-RS is absent in FR2

Secondly, we also add technical implementation issues which can be caused by P1 CSI-RS configuration with qcl-typeD = ‘none’.
a) An initial UE Rx beam for P1 CSI-RS would not be optimized because UE cannot use the Rx beam obtained from SSB, which makes UE consume more time and energy to train its Rx beam based on P1 CSI-RS.
b) 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.
c) When P1 CSI-RS based beam tracking fails, UE cannot fallback to SSB-based Rx beam without going through RLF.
Observation 2: There will be technical implementation issues when P1 CSI-RS is configured with qcl-typeD = ‘none’

Lastly, we would mention that there is no such a test case where a source of qcl-TypeD of periodic CSI-RS is not configured even if it aims to verify UE performances based on configured periodic CSI-RS. For instance, RLM requirements based on CSI-RS configured for RLM RS (defined from A.7.5.1.5 to A.7.5.1.8 in TS38.133) configure qcl-TypeD for RLM RS. Instead, they allocate different SNRs for SSB and CSI-RS for RLM RS to ensure UE uses the configured CSI-RS for RLM RS during tests.
Observation 3: There is no such a test case where a source of qcl-TypeD of periodic CSI-RS is not configured even though it aims to verify UE performances based on configured periodic CSI-RS

For the second aspect “Whether P1 CSI-RS is necessary for the test”, as it was addressed in Fig. 1 [4], if CSI-RS with repetition ‘off’ is configured, an effective CSI-RS based BC test time window will be shrunk due to P1 and/or P2 CSI-RS measurements, reports, and so on. It becomes more serious when CSI-RSs are periodically transmitted. Besides, as CSI-RS based eBC requirements will be verified eventually based on P3 CSI-RS, P1 CSI-RS should not be unnecessarily configured.
In summary, the table from [3] can be filled in as below in Table 1. Proposals are highlighted in yellow.
Table 1. CSI-RS configurations for CSI-RS based Beam Correspondence Test
	Parameter
	Value
	Justification

	P1 CSI-RS periodicity
	Alt.1: P1 CSI-RS is configured with [TBD] ms periodicity, the QCL (qcl-TypeD) relation is configured as ‘SSB’
Alt.2: P1 CSI-RS is not configured; instead aperiodic P2 CSI-RS can be considered if necessary. If P2 CSI-RS is supported, its qcl-TypeD is ‘SSB’
Alt.3: P1 CSI-RS is configured with [TBD] ms periodicity, the QCL (qcl-TypeD) relation is configured as ‘none’
	P1 CSI-RS is not necessary for the test

	P3 CSI-RS repetitions per resource set
	Alt. 1: maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand
Alt. 2: 8
	Respect UE capability declaration. Besides, UE is not required to meet L1-RSRP accuracy if it is smaller than maxNumberRxBeam, and it should not exceed  maxNumberAperiodicCSI-RS-Resource as per TS38.133.

	P3 CSI-RS configuration repetition
	On
	

	P3 CSI-RS trigger
	Alt.1: once P1 CSI-RS is finished
Alt.2: once every SSB cycle (20 ms) if P1 CSI-RS is not configured
	P1 CSI-RS is not necessary for the test

	Tracking CSI-RS periodicity
	reuse Rel-15
60 kHz SCS: 40 slots for CSI-RS resources 1 and 2
120 kHz SCS: 80 slots for CSI-RS resources 1 and 2
	

	P3 CSI-RS QCL info
	Alt.1: Type D to P1 CSI-RS
Alt.2:
If P2 CSI-RS is transmitted;
- Type A to TRS
- Type D to P2 CSI-RS
Otherwise;
- Type C to SSB 
- Type D to SSB
	P1 CSI-RS is not necessary for the test

	P1 CSI-RS QCL info
	Alt.1: P1 CSI-RS is transmitted and the QCL relation is configured as ‘SSB’
Alt.2: P1 CSI-RS is not transmitted
Alt.3: P1 CSI-RS is transmitted and the QCL relation is configured as ‘none’
	P1 CSI-RS is not necessary for the test



Proposal 1: Parameters for CSI-RS based Beam Correspondence test shall be per Table 1

Side conditions
In [6], an optimization to Method-3 “SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS” was proposed to ensure SSB SNR for all test directions is not higher than a Threshold, which is captured on Alt 2-2 in [2].
· 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
In principle, we agree that Alt 2-2 can provide SSB SNR more accurately, however, it seems to need more study to see if this artificial SNR manipulation of SNR gap between CSI-RS and SSB doesn’t create any side impacts and how much test time can be statistically lengthened.
Proposal 2: RAN4 defines CSI-RS based eBC requirement by Method-3 below
· Method-3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS
· X is either 3 or 6 
· CSI-RS SNR is [6]dB
· EIRP requirement in terms of ∆EIRPBC CDF will be defined in such a way that UE relying on SSB-only for beam refinement cannot meet the requirement but UE using CSI-RS can satisfy the requirement
· Further optimization can be considered, e.g. decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
Conclusion
Based on RAN1 Rel-15 maintenance discussion and conclusion, it can be said RAN4 cannot expect UE behaviour when a UE has to manage its beams by using CSI-RS for BM without QCL relationship.
Observation 1: There is neither a default QCL assumption nor a subsequent UE behaviour in RAN1 when qcl-TypeD of periodic CSI-RS is absent in FR2
From implementation perspective, we expect UE to encounter some difficulties when not clearly addressed configurations are provided.
Observation 2: There will be technical implementation issues when P1 CSI-RS is configured with qcl-typeD = ‘none’
And we also found there is no such a RAN4 test where qcl-typeD for periodic CSI-RS for FR2 is omitted.
Observation 3: There is no such a test case where a source of qcl-TypeD of periodic CSI-RS is not configured even though it aims to verify UE performances based on configured periodic CSI-RS
We propose detailed parameters of CSI-RS configuration and Method-3 to assess Rel.16 CSI-RS based Beam Correspondence performance under a practical deployment scenario while ensuring UE utilizes CSI-RS for BM.
Proposal 1: Parameters for CSI-RS based Beam Correspondence test shall be as captured in Table 1, and reproduced below in compact form
	Parameter
	Proposed value

	P1 CSI-RS periodicity
	Alt.2: P1 CSI-RS is not configured; instead aperiodic P2 CSI-RS can be considered if necessary. If P2 CSI-RS is supported, its qcl-TypeD is ‘SSB’

	P3 CSI-RS repetitions per resource set
	Alt. 1: maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand

	P3 CSI-RS configuration repetition
	On

	P3 CSI-RS trigger
	Alt.2: once every SSB cycle (20 ms) if P1 CSI-RS is not configured

	Tracking CSI-RS periodicity
	reuse Rel-15
60 kHz SCS: 40 slots for CSI-RS resources 1 and 2
120 kHz SCS: 80 slots for CSI-RS resources 1 and 2

	P3 CSI-RS QCL info
	Alt.2:
If P2 CSI-RS is transmitted;
- Type A to TRS
- Type D to P2 CSI-RS
Otherwise;
- Type C to SSB 
- Type D to SSB

	P1 CSI-RS QCL info
	Alt.2: P1 CSI-RS is not transmitted



Proposal 2: RAN4 defines CSI-RS based eBC requirement by Method-3 below
· Method-3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS
· X is either 3 or 6 
· CSI-RS SNR is [6]dB
· EIRP requirement in terms of ∆EIRPBC CDF will be defined in such a way that UE relying on SSB-only for beam refinement cannot meet the requirement but UE using CSI-RS can satisfy the requirement
· Further optimization can be considered, e.g. decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
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