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1	Introduction
As required by RAN plenary, RAN4 is tasked to complete the objective of FR2 UE beam correspondence enhancement in Rel-16, where the detailed work is provided as below:
	<Objective captured from WID [1]>
· FR2 UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL reference signal (SSB or CSI-RS) configured by the network
· This work is started after RAN#84 when the Rel-15 Beam Correspondence requirements are completed
· UE capability for supporting SSB based on BC and/or CSI-RS based on BC will be further discussed in WI phase.
· These requirements are only valid from Rel-16 onwards


In RAN4#92Bis, FR2 UE beam correspondence is discussed based on DL reference signal (SSB or CSI-RS) configured by the network, with the following agreement achieved: 
	BC based on SSB only 
· The SSB configuration from Rel-15 is reused
· Study performance difference of BC based on SSB only vs. BC based on CSI-RS only
BC based on CSI-RS only
· Assumption on the CSI-RS configuration
· The table itemizes the parameters which will be updated relative to the Rel-15 configuration
· All other configuration parameters related to CSI-RS are reused from Rel-15
· NOTE: ”P3 CSI-RS” refers to CSI-RS for beam management
· Once the CSI-RS configuration is stable:
· Calculate the SNR corresponding to the configuration
· Specify the side conditions
· The PSD of the RS is equalized to match SNR conditions of the Rel-15 requirement
· Open issues:
· If we do not reuse CSI-RS periodicity from Rel-15, then new values for this parameter are needed
· The definition of QCL info is FFS
· SSB configuration is FFS
· How to ensure that the UE has to perform BC based on the reference signal that is configured to it instead of e.g. using SSB for CSI-RS only based BC

	parameter
	Rel-15 value (for reference)
	Rel-16 value (this WF)

	P1 CSI-RS periodicity
	Not defined
	Alt.1: 20 ms

	P3 CSI-RS repetitions per resource set
	8
	Alt.1: 8 [7]
Alt.2: according to UE capability [1]

	P3 CSI-RS configuration repetition
	on
	on

	P3 CSI-RS trigger
	Not defined
	Alt.1: Reuse Rel-15 P3 CSI-RS once for every P1 cycle
Alt.2: FFS

	Tracking CSI-RS periodicity
	60 kHz SCS: 40 for CSI-RS resources 1 and 2
120 kHz SCS: 80 for CSI-RS resources 1 and 2
	Alt.1: reuse Rel-15 [7]
Alt.2: FFS [1]

	P3 CSI-RS QCL info
	Type D to SSB
	FFS

	P1 CSI-RS QCL info
	Not defined
	FFS





In this discussion paper, we would like to further provide our analysis and view for Rel-16 beam correspondence side condition and related topics.

2 Discussion
2.1 Testability Issue for Beamwidth
For both SSB-only and CSI-RS only side condition, one issue has been discussed during last meeting’s offline discussion: From testability perspective, is that possible for TE to transmit two reference signals (namely RS-A and RS-B), while RS-B is configured with TCI state for QCL Type-D to RS-A, and different beamwidth can be assumed for RS-A and RS-B, i.e., RS-B has finer beamwidth and RS-A has wider beamwidth. During offline discussion, some companies claim that simulating RS-A and B with above relationship is inevitable condition for the Rel-16 beam correspondence test. However, we are questioning the testability behind it and RAN4 needs to have common understanding before further discussion on detailed test side condition.  
Observation-1: RAN4 need to discuss the FR2 OTA chamber’s testability on the following DL side condition: 
   - TE transmits DL reference signal A (e.g., SSB) and reference signal B (e.g., CSI-RS) with following relationship: 
          DL reference signal B is configured with TCI state for QCL Type-D to DL reference signal A;
          DL reference signal A has wider beamwidth than DL reference signal B.
Based on RAN4 discussion for FR2 testability, we think the above scenario is not achievable in typical FR2 OTA chamber, due to hardware limitation. 
Observation-2: DL side condition as provided in observation-1 is not achievable in typical FR2 OTA chamber. In other words, the above wide/fine beam QCL Type-D is not achievable in typical FR2 OTA chamber. 
Hence, we propose that RAN4 should conduct the discussion based on the assumption that the DL side condition in observation-2 is not achievable.
Proposal-1: For Rel-16 beam correspondence discussion, RAN4 shall assume that the following DL side condition is not achievable due to OTA chamber testability limitation:
   - TE transmits DL reference signal A (e.g., SSB) and reference signal B (e.g., CSI-RS) with following relationship: 
          DL reference signal B is configured with TCI state for QCL Type-D to DL reference signal A;
          DL reference signal A has wider beamwidth than DL reference signal B.

2.2 Beam Correspondence Requirement for PC1/2/4
In Rel-15 beam correspondence requirement definition, there is no agreement to specify beam correspondence tolerance requirement for bit-0 PC1/2/4 UE, so finally RAN4 decide that the subsection tile for PC1/2/4 beam correspondence requirement is kept while the detailed requirement is void. In other words, since RAN4 has not define BC tolerance requirement for bit-0 PC1/2/4, in order to fulfil EIRP (peak and spherical) requirement UE have to rely on autonomous BC. Although there is no clear agreement for that, the scenario can be regarded as “mandatory but with capability signalling” at least for Rel-15.
Observation-3: For power class 1/2/4 in Rel-15, the capability of beam correspondence without UL beam sweeping (bit-1) shall be regarded as “mandatory but with capability signalling”. 

2.3 Beam Correspondence Requirement for PC3 bit-1/bit-0 BC UE
For PC3 with BC bit-1 UE (i.e., beamCorrespondenceWithoutUL-BeamSweeping = supported) in Rel-15, BC tolerance is not needed to be test and UE only need to be tested for EIRP (peak and spherical) requirement. From our understanding, RAN4’s objective in WID is about to change the side condition to SSB-only and CSI-RS only (to be discussed in following section), while Rel-16 bit-1 UE shall still rely on UE autonomous beam correspondence to pass EIRP (peak and spherical) requirement. 
Proposal-2: For power class 3 BC bit-1 UE (beamCorrespondenceWithoutUL-BeamSweeping = supported), beam correspondence requirement should be defined based on UE autonomous BC, and side condition can be FFS. 

For PC3 with BC bit-0 UE (i.e., beamCorrespondenceWithoutUL-BeamSweeping = not supported) in Rel-15, EIRP (peak and spherical) requirement is tested with UL SRS-based sweeping utilized, and BC tolerance is tested (by comparing with and without beam sweeping). Based on RAN4 offline discussion in previous meeting, UE vendors still prefer to keep PC3 with BC bit-0 UE in Rel-16, while it is FFS for how to enhance beam correspondence requirement. From our understanding, SSB-only and CSI-RS only side condition enhancement is not suitable to bit-0 UE, and in our accompanying paper, we propose the way for bit-0 UE enhancement with L1-SINR reporting. 
Proposal-3: For power class 3 BC bit-0 UE (beamCorrespondenceWithoutUL-BeamSweeping = not supported), this UE type shall be kept in Rel-16, and FFS how to enhance beam correspondence requirement in Rel-16. 

2.4 Beam Correspondence on SSB-Only Side Condition
By following the agreement in previous RAN4 meeting, as follows: 
	-	The SSB configuration from Rel-15 is reused
-	Study performance difference of BC based on SSB only vs. BC based on CSI-RS only


Rel-16 beam correspondence should be tested under the condition with fewer reference signals available. Specifically, CSI-RS with “repetition=on” for beam refinement (which is configured with TCI state of QCL Type-D to SSB) should not be present anymore. Considering the above assumption in Proposal-1, Rel-15 CSI-RS and SSB should have the same beamwidth, and the absence of CSI-RS for beam refinement means no RS for P3 beam refinement. Even UE can totally rely on SSB for P3 beam refinement, negative impact can still be expected since less RS available. Furthermore, the above negative impact will be applicable to both bit-0 and bit-1 UE. 
As mentioned in previous way forward, even UE (either bit-0 or bit-1) claims to support SSB only beam correspondence, further study is needed for the required SNR level. Based on this study, RAN4 may further discuss the applicable SNR DL level for SSB-only condition for both bit-1 and bit-0 UE; however, if finally RAN4 decide to increase SNR level to compensate the absence of CSI-RS, we see limited usage for Rel-16 beam correspondence enhancement with SSB-only side condition. 
Observation-4: If Proposal-1 accepted, Rel-16 SSB-only side condition means less reference signals available for P3 beam refinement, even for UE which claims to support SSB-only side condition beam correspondence.
Proposal-4: It shall be optional feature for UE to support beam correspondence under SSB-only side condition. FFS SNR side condition for SSB-only condition. 

2.5 Beam Correspondence on CSI-RS Only Side Condition
The first question for CSI-RS only side condition is how to guarantee that SSB is not available (or assumed to be much less influential compared with CSI-RS). From our understanding, the intention of introducing CSI-RS only side condition is to make sure NW can schedule one UE to an active BWP without SSB configured, or even to a CC without SSB configured. 
Observation-5: The intention of introducing CSI-RS only side condition is to guarantee NW can schedule this kind of UE to an active BWP (or a CC) without SSB configured.
However, if the above observation is valid, the methods below (as far as we can think about) to achieve CSI-RS only side condition may be questionable: 
Method-1: DUT is configured with an active BWP containing no SSB:
-> Based on RAN4 requirement, if this test method-1 is used, on the OFDM symbol containing SSB, UE is allowed to switch its UE channel bandwidth back to the default BWP containing SSB, to make measurement, synchronization and MIB reading etc. However, the UE channel bandwidth retune could make UE RF test difficult to conduct. 
Method-2: SSB in wide beam and CSI-RS in fine beam from TE:
-> Obviously, this test setup is contradicting to Proposal-1, and from our understanding, it is not feasible in current OTA chamber. 
Method-3: (as mentioned in previous Qualcomm paper), SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB: 
-> By assuming the typical configuration that CSI-RS is configured with TCI state for QCL Type-D to SSB, and CSI-RS has finer beam than SSB, from DUT perspective, the beamwidth difference between SSB and CSI-RS is not visible, while the consequential observation at UE baseband is just different PSD level of SSB and CSI-RS. Hence, from that perspective, Method-3 is reasonable. However, how to set the value of X is another problem: if XdB is decided by the gNB wide/fine beam difference, it is reasonable assumption, but the scenario is hard to be claimed as “CSI-RS only” side condition.  

Observation-6: Following possible methods are identified to achieve “CSI-RS only” side condition: 
Method-1: DUT is configured with an active BWP containing no SSB;
Method-2: SSB in wide beam and CSI-RS in fine beam from TE;
Method-3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS. 

Observation-7: The CSI-RS only side condition is questionable from testability perspective.  
As mentioned above, none of three methods are perfect solution to achieve “CSI-RS” only side condition. If Rel-16 beam correspondence requirement should be defined in CSI-RS only side condition, we slightly prefer to choose Method-3. Furthermore, if method-3 is adopted, we don’t see the necessity to introduce P1 CSI-RS for the side condition.  
	parameter
	Rel-15 value (for reference)
	Rel-16 value (this WF)
	If Method-3 adopted

	P1 CSI-RS periodicity
	Not defined
	Alt.1: 20 ms
	Not applicable

	P3 CSI-RS repetitions per resource set
	8
	Alt.1: 8 [7]
Alt.2: according to UE capability [1]
	Alt.1: 8 [7]
Alt.2: according to UE capability [1]

	P3 CSI-RS configuration repetition
	on
	on
	on

	P3 CSI-RS trigger
	Not defined
	Alt.1: Reuse Rel-15 P3 CSI-RS once for every P1 cycle
Alt.2: FFS
	Reuse Rel-15 P3 CSI-RS once for every P1 cycle (20ms)

	Tracking CSI-RS periodicity
	60 kHz SCS: 40 for CSI-RS resources 1 and 2
120 kHz SCS: 80 for CSI-RS resources 1 and 2
	Alt.1: reuse Rel-15 [7]
Alt.2: FFS [1]
	Alt.1: reuse Rel-15 [7]

	P3 CSI-RS QCL info
	Type D to SSB
	FFS
	Type D to SSB

	P1 CSI-RS QCL info
	Not defined
	FFS
	N/A



3 Conclusion
In this paper, we provided our analysis and view for Rel-16 beam correspondence side condition and related topics, with following observations and proposals achieved: 
Observation-1: RAN4 need to discuss the FR2 OTA chamber’s testability on the following DL side condition: 
   - TE transmits DL reference signal A (e.g., SSB) and reference signal B (e.g., CSI-RS) with following relationship: 
          DL reference signal B is configured with TCI state for QCL Type-D to DL reference signal A;
          DL reference signal A has wider beamwidth than DL reference signal B.
Observation-2: DL side condition as provided in observation-1 is not achievable in typical FR2 OTA chamber. In other words, the above wide/fine beam QCL Type-D is not achievable in typical FR2 OTA chamber. 
Proposal-1: For Rel-16 beam correspondence discussion, RAN4 shall assume that the following DL side condition is not achievable due to OTA chamber testability limitation:
   - TE transmits DL reference signal A (e.g., SSB) and reference signal B (e.g., CSI-RS) with following relationship: 
          DL reference signal B is configured with TCI state for QCL Type-D to DL reference signal A;
          DL reference signal A has wider beamwidth than DL reference signal B.
Observation-3: For power class 1/2/4 in Rel-15, the capability of beam correspondence without UL beam sweeping (bit-1) shall be regarded as “mandatory but with capability signalling”. 
Proposal-2: For power class 3 BC bit-1 UE (beamCorrespondenceWithoutUL-BeamSweeping = supported), beam correspondence requirement should be defined based on UE autonomous BC, and side condition can be FFS. 
Proposal-3: For power class 3 BC bit-0 UE (beamCorrespondenceWithoutUL-BeamSweeping = not supported), this UE type shall be kept in Rel-16, and FFS how to enhance beam correspondence requirement in Rel-16. 
Observation-4: If Proposal-1 accepted, Rel-16 SSB-only side condition means less reference signals available for P3 beam refinement, even for UE which claims to support SSB-only side condition beam correspondence.
Proposal-4: It shall be optional feature for UE to support beam correspondence under SSB-only side condition. FFS SNR side condition for SSB-only condition. 
Observation-5: The intention of introducing CSI-RS only side condition is to guarantee NW can schedule this kind of UE to an active BWP (or a CC) without SSB configured.
Observation-6: Following possible methods are identified to achieve “CSI-RS only” side condition: 
Method-1: DUT is configured with an active BWP containing no SSB;
Method-2: SSB in wide beam and CSI-RS in fine beam from TE;
[bookmark: _GoBack]Method-3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS. 
Observation-7: The CSI-RS only side condition is questionable from testability perspective.  
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