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1 Introduction
WF[1] on Beam correspondence requirement enhancement in Rel-16 was approved in RAN4 #93:

	· By RAN4 #94, RAN4 could specify BC based on SSB only unless RAN4 find critical technical problems, considering:

· Side condition feasibility

· Common understanding of UE behavior

· Performance difference with SSB + CSI-RS based BC

· After stabilizing the configuration and requirement structure and confirming the feasibility, the optionality of this requirement can be discussed 
· How to achieve “CSI-RS only” condition

· Method 1: DUT is configured with an active BWP containing no SSB

· Method-3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS

· X will be chosen during the RAN4#94 meeting

· A single method will be chosen during the RAN4 #94 meeting

· CSI-RS min SNR level:

· Alt1: 6 dB

· Alt2: same as SNR chosen for SSB in SSB-only BC test

· After stabilizing the configuration and requirement structure and confirming the feasibility, the optionality of this requirement can be discussed 


This paper provides analysis on the beam correspondence requirement in Rel-16. 
2 Discussion
2.1 BC based on SSB only
BC based on SSB only means the TE don’t provide any other reference signal except SSB for UE on DL beam measurement and choosing the corresponding UL beam. In the last meeting, 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. As shown in [2], 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 1: the current SSB configuration for Beam correspondence test have impact on the UL and DL beam match accuracy.
In [2], 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 2: 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 3: 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 [2] 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 4: 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 1: For SSB only based BC, 3dB degeneration for both bit 1 and bit 0 UEs on Beam correspondence requirement shall be provided. 

The side condition for SSB only based BC shall comply with the definition in TS 38.331, thus SNR shall be larger than or equal to 13dB (6+7).

Proposal 2: the side condition for SSB only based beam correspondence shall be SNR≥ 13dB which comply with TS 38.133.
2.2 BC based on CSI-RS only
2.2.1 How to achieve “CSI-RS only” condition
To achieve “CSI-RS only” condition, two methods are left in the WF[1]:
· Method 1: DUT is configured with an active BWP containing no SSB

· Method-3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS

In principle, “CSI-RS only” means UE do not rely on SSB for beam correspondence. Since SSB is always provided for time and frequency synchronization, it is not easy to ensure the “CSI-RS only” condition. Alt.1 would be a good start, however it still need some additional configurations. The key point is that, there is no cross BWP SSB could be used by the UE and the UE shall be ensured not use the SSB measurement result during idle mode. In the last meeting, there is a summary on the specific configuration on CSI-RS, we copied the related items as below:
	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 QCL info
	Alt.1: P1 CSI-RS is transmitted and the QCL relation is configured as ‘SSB’ [14]

Alt.2: P1 CSI-RS is not transmitted [2]

Alt.3: P1 CSI-RS is transmitted and the QCL relation is configured as ‘none’


Firstly, we don’t think P2 procedure could be processed before P1, without P1, UE do not have the DL beam used for P2 procedure. The only possibility on directly P2 would be that UE use the SSB measurement as for P1 procedure. Since we need to ensure the CSI-RS only condition, it shall be avoided that UE use SSB for DL beam measurement.

Secondly, P2 procedure is not easy to construct for TE side. Since there is only 1 beam direction provided by TE side and the beam width would not be changed, P2 procedure could be skipped.

Proposal 3: CSI-RS P1 shall be configured to ensure UE would not use SSB measurement as P1 procedure. P2 procedure could be skipped.

For P1 CSI-RS QCL relation, it shall be configured as “none”, it avoids UE to use any SSB measurement result and definitely use CSI-RS for P1 procedure. RAN1 and RAN2 spec already support this “none” configuration.
Proposal 4: P1 CSI-RS QCL relation is configured as ‘none’.
2.2.2 CSI-RS only configuration

As discussed in 2.2.1, we provide the CSI-RS configuration in Table 1.

Since P3 procedure is configured, we propose to define SNR side condition for CSI-RS only beam correspondence as SNR≥ 6dB as in Rel-15.
Table 1: CSI-RS parameters for beam correspondence

	Resource Type
	periodic
	aperiodic

	Resource Set Config
	
	

	repetition
	off
	on

	aperiodicTriggeringOffset
	n/a
	Depending on UE capability

Periodic and aperiodic CSI-RS are not configured in the same slot

	Resource Config
	
	

	nzp-CSI-RS-ResourceId
	0 for resource #0
	Depending on UE capability

	powerControlOffset
	0
	0

	powerControlOffsetSS
	db0
	db0

	nrofPorts
	1
	1

	cdm-Type
	noCDM
	noCDM

	density
	3
	3

	nrofRBs
	48 for channel bandwidth ≥ 100MHz

32 for channel bandwidth = 50MHz
	48 for channel bandwidth ≥ 100MHz

32 for channel bandwidth = 50MHz

	qcl-info
	none
	all AP-CSI-RS resources are TypeD to P-CSI-RS resource#0

	Periodicity(slots)
	Slot80(120kHz)
	N/A

	Offset
	8
	N/A


Proposal 5: For CSI-RS only based Beam correspondence, both periodic and aperiodic CSI-RS shall be provided to the UE, the exact configuration is as in Table 1.

Proposal 6: the side condition for CSI-RS only based beam correspondence shall be SNR≥ 6dB.
3 Conclusion

In this contribution we discussed on the open issues on power fallback enhancement, according to the analysis, we have the following proposals:
Observation 1: the current SSB configuration for Beam correspondence test have impact on the UL and DL beam match accuracy.
Observation 2: 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 3: rough beam DL beam search will cause 7dB SNR difference which is defined in TS 38.133.
Observation 4: 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 1: For SSB only based BC, 3dB degeneration for both bit 1 and bit 0 UEs on Beam correspondence requirement shall be provided. 

Proposal 2: the side condition for SSB only based beam correspondence shall be SNR≥ 13dB which comply with TS 38.133.

Proposal 3: CSI-RS P1 shall be configured to ensure UE would not use SSB measurement as P1 procedure. P2 procedure could be skipped.

Proposal 4: P1 CSI-RS QCL relation is configured as ‘none’.
Proposal 5: For CSI-RS only based Beam correspondence, both periodic and aperiodic CSI-RS shall be provided to the UE, the exact configuration is as in Table 1.

Proposal 6: the side condition for CSI-RS only based beam correspondence shall be SNR≥ 6dB.
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