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1.	Introduction
Rel-16 FR2 UE RF enhancement was postponed by one quarter so Rel-16 beam correspondence enhancement is expected to be finalized in Aug RAN4 meeting. So far there are still open issues on BC requirements, BC side condition, BC test applicability, etc. In this contribution we go over the remaining issues one by one and give our proposals to speed up the completion of Rel-16 beam correspondence. It is proposed to reuse Rel-15 BC requirements and side conditions as much as possible.
2. 	Discussion
2.1	BC requirements
Based on previous discussion, both BC based on SSB and BC based on CSI-RS are identified as feasible. So in Rel-16 specification, there will be 3 types of beam correspondence depending on DL BM RS:
· Beam correspondence based on SSB and CSI-RS (Rel-15 baseline)
· Beam correspondence based on SSB (Rel-16 enhancement))
· Beam correspondence based on CSI-RS (Rel-16 enhancement)
For BC based on CSI-RS, the consensus is to reuse Rel-15 BC requirements. The controversial point lies in requirements for BC based on SSB, i.e., whether relaxation is allowed as show in [1]:
· Whether and how much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present, is necessary
· Alt 1: ∆p = 0 dB 
· Alt 2: 0 < ∆p ≤ 3 dB 

When we discussed the feasibility of SSB based BC, the subtext is that the expected BC requirements (MOP) could be satisfied when UE performs beam correspondence based on SSB, otherwise it could not be identified as feasible. Beam correspondence performance depends on L1-RSRP measurement accuracy which is a function of BM RS SNR. If there is performance difference for SSB based BC, it should be compensated by improving SNR side condition, instead of relaxing MOP requirements.
One of the consideration for proponents of Alt 2 (0 < ∆p ≤ 3 dB) is limited RX beams for SSB based L1-RSRP measurement. It is worth mention that BC test is under connection mode, so there is already a beam pair before beam refinement and limited RX beams has no significant impact. As shown in Rel-15 beam correspondence tolerance simulation campaign, limited beam number as 8 show no performance degradation. Even there could be tiny performance degradation, it should be compensated by improving SNR side condition, instead of relaxing MOP requirements.
Another consideration for proponents of Alt 2  (0 < ∆p ≤ 3 dB) is that a QCL relationship between SSB and PDSCH/PUSCH is not possible and CSI-RS provides this link. In fact, when the QCL relationship between them is not configured, SSB is used as the default QCL source. For SSB based BC, we have already agreed not to provide CSI-RS, so SSB will be the QCL source for traffic channels. It aligns with network deployment where CSI-RS is not configured.
In RF test environment in an OTA chamber, there is no performance degradation expected to relax the BC requirements no matter the DL BM RS is SSB or CSI-RS. On the other hand, BC requirements are MOP requirements, and it is hard to understand there will be relaxation to MOP requirements. It is straightforward to apply the same BC requirements to all 3 types of beam correspondence which is also helpful for quick completion of this WI in the last meeting.
Proposal 1:	Rel-15 BC requirements will be reused for Rel-16 BC without relaxation.
2.2	BC side condition
For SSB based BC, the side condition is agreed to reuse that of Rel-15. For CSI-RS based BC, most of side conditions have also been agreed:
Side conditions
-	The side conditions in the following table shall be used for BC based on CSI-RS for alt. 1-3
-	SNR side condition
-	CSI-RS min SNR level: 6dB
Parameter
Value
P1 CSI-RS configuration
Yes
P1 CSI-RS periodicity
Slot80(120kHz)
P1 CSI-RS QCL info
qcl-TypeD to SSB
P2 CSI-RS configuration
No
P3 CSI-RS configuration
Yes
P3 CSI-RS repetitions per resource set
maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand
P3 CSI-RS configuration repetition
On
P3 CSI-RS trigger
once P1 CSI-RS is finished
P3 CSI-RS QCL info
qcl-TypeD to P1 CSI-RS
Tracking CSI-RS periodicity
Reuse Rel-15
 

The remaining issue for BC side condition is focusing on how to handle SSB in CSI-RS based BC. Three alternatives are open as shown in the WF [2] of last RAN4 meeting and status report [3] in RAN plenary meeting:
· Alt 2-1-1-1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS,
· Alt 2-1-1-2: decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB,
· Hybrid approach of Alt-2-1-1-1 and Alt 2-1-1-2:
· SSB Ês/Iot = (6-Y)dB at UE baseband at each angle
· CSI-RS Ês/Iot = 6dB at UE baseband at each angle

To determine the side condition of SSB in CSI-RS based BC, the criteria should be the “CSI-RS only” condition to prevent UE making use of SSB for P3 beam refinement, as agreed in [4]:
· “CSI-RS only” condition shall be guaranteed to prevent UE making use of SSB for P3 beam refinement
 

BC side conditions will apply to all angles (AoA) in 3D OTA test. For Alt 2-1-1-1, the main problem is that a fixed X value can not prevent UE making use of SSB for P3 beam refinement for many AoAs, especially for the angles near to the beam peak direction where SSB Ês/Iot at UE baseband is good enough for beam correspondence. Since the QCL relationship between SSB and CSI-RS is type D, it is not guaranteed for UE not to use SSB for beam refinement.
Observation 1:	Alt 2-1-1-1 with a fixed X dB backed-off value could not guarantee “CSI-RS only” condition for many AoAs
Moreover, the fixed value of X is hard to be determined, if X is small, then there is almost no difference from Rel-15 BC; if X is big, then there will be testability issue that call drop occurs for many AoAs during the 3D OTA test.
For Alt 2-1-1-2 and the hybrid approach, the PSD of SSB could be controlled to low level for all AoAs so that “CSI-RS only” condition is guaranteed.
Observation 2:	both Alt 2-1-1-2 and the hybrid approach can guarantee “CSI-RS only” condition for all AoAs
In last meeting, Ês/Iot at UE baseband was discussed a lot during GWT session. Since beam correspondence performance depends on L1-RSRP measurement accuracy, the SNR side condition of DL BM RS derived for beam correspondence has referred to the side condition for L1-RSRP measurement in RRM specification TS 38.133 which aims at minimum Ês/Iot at UE baseband:
Table 10.1.20.2.1-1: CSI-RS based L1-RSRP absolute accuracy in FR2 (TS 38.133)
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	CSI-RS Ês/Iot
	Io Note 1 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSCSI-RS Note 2
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	SCSCSI-RS = 60kHz
	SCSCSI-RS = 120kHz
	
	

	±6.5
	±9.5
	≥-3
	Same value as CSI-RS_RP in Table B.2.4.2-2, according to UE Power class, operating band and angle of arrival
	N/A
	-70

	8.5
	11.5
	≥-3
	N/A
	-70
	-50

	NOTE 1:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
NOTE 2:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
NOTE 3:	In the test cases, the CSI-RS Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.



Observation 3:	beam correspondence performance depends on L1-RSRP measurement accuracy which is required to ensure minimum Ês/Iot at UE baseband including adjusting PSD of RS.
Comparing Alt 2-1-1-2 and the hybrid approach, the hybrid approach will bring more impact to current specification since both SSB and CSI-RS side conditions will be different from Rel-15, while Alt 2-1-1-2 can reuse the CSI-RS side condition of Rel-15.
For beam correspondence, the configured DL BM RS is the more important one. So it is better to keep the same side condition of CSI-RS as before. SSB is serving as synchronization signal and could be configured in a different way to guarantee “CSI-RS only” condition. So it is suggested to distinguish DL BM RS and synchronization RS. From this perspective, Alt 2-1-1-2 seems a little better. 
Proposal 2:	for BM RS, the SNR side condition of Rel-15 BC will be reused for Rel-16 BC, i.e., SNR side condition of SSB for Rel-16 SSB based BC, SNR side condition of CSI-RS for Rel-16 CSI-RS based BC, will keep the same as that of Rel-15.
About detailed PSD of SSB in Rel-16 CSI-RS based BC, the principle is to configure low level SSB for all AoAs, and Alt 2-1-1-2 could be further refined in detailed test procedure based on this principle and equivalent method can be developed in RAN4 or RAN5. Since the PSD of SSB for each AoA is UE-dependent which is an intermediate configuration during test procedure, it is recommended to be defined by RAN5.
[bookmark: _GoBack]Proposal 3:	SNR side condition of SSB for Rel-16 CSI-RS based BC will be configured to be lower than a threshold for different angles so that SSB Ês/Iot at UE baseband is no more than [-3] dB for all angles. Detailed PSD of SSB for each angle is up to RAN5.
2.3	BC test applicability rule
As mentioned in section 2.1, there will be three types of BC in Rel-16 specification. To minimize the test case and test time, an applicability rule is needed among Rel-16 SSB based BC, Rel-16 CSI-RS based BC and Rel-15 BC. Based on proposal 1 that performance requirements for the 3 kinds of BC are the same, the following applicability rule is proposed to minimize test case and test time:
· If a UE meets beam correspondence requirements either based on SSB or based on CSI-RS, it is considered to have met the beam correspondence requirements based on SSB and CSI-RS.
· If a UE meets beam correspondence requirements based on SSB, it is considered to have met the beam correspondence requirements based on CSI-RS.
Proposal 4:	for beam correspondence test, the following applicability rule is proposed:
· If a UE meets beam correspondence requirements either based on SSB or based on CSI-RS, it is considered to have met the beam correspondence requirements based on SSB and CSI-RS.
· If a UE meets beam correspondence requirements based on SSB, it is considered to have met the beam correspondence requirements based on CSI-RS.
Based on proposal 4, the peak direction for UL tests issue will be automatically resolved, i.e., the single beam peak direction for other UL tests shall be determined by the single Rel-16 BC which is to be tested according to applicability rule.
3. 	Conclusion
Observation 1:	Alt 2-1-1-1 with a fixed X dB backed-off value could not guarantee “CSI-RS only” condition for many AoAs
Observation 2:	both Alt 2-1-1-2 and the hybrid approach can guarantee “CSI-RS only” condition for all AoAs
Observation 3:	beam correspondence performance depends on L1-RSRP measurement accuracy which is required to ensure minimum Ês/Iot at UE baseband including adjusting PSD of RS.
Proposal 1:	Rel-15 BC requirements will be reused for Rel-16 BC without relaxation.
Proposal 2:	for BM RS, the SNR side condition of Rel-15 BC will be reused for Rel-16 BC, i.e., SNR side condition of SSB for Rel-16 SSB based BC, SNR side condition of CSI-RS for Rel-16 CSI-RS based BC, will keep the same as that of Rel-15.
Proposal 3:	SNR side condition of SSB for Rel-16 CSI-RS based BC will be configured to be lower than a threshold for different angles so that SSB Ês/Iot at UE baseband is no more than [-3] dB for all angles. Detailed PSD of SSB for each angle is up to RAN5.
Proposal 4:	for beam correspondence test, the following applicability rule is proposed:
· If a UE meets beam correspondence requirements either based on SSB or based on CSI-RS, it is considered to have met the beam correspondence requirements based on SSB and CSI-RS.
· If a UE meets beam correspondence requirements based on SSB, it is considered to have met the beam correspondence requirements based on CSI-RS.
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