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1 Introduction
WF [1] was approved in RAN #82 meeting. It is agreed that BC requirement for all UEs consists of three requirements:
· Req1: Minimum peak EIRP requirement
· Req2: Spherical coverage requirement

· Req3: Beam correspondence tolerance requirement

For UEs without the uplink beam sweeping only needs to verify Req1 and Req2, where Req1 and Req2 for PC3 are connected to the multi-band relaxation requirement. Meanwhile no discussion on multi-band relaxation for other power classes has been touched in RAN4.
The other issue is the test procedure for Req3 for UEs with the uplink beam sweeping.

This paper provides proposals on remaining issues for the BC requirement and test procedure.

2 Discussion
2.1 Beam correspondence and Multi-band relaxation for other power classes
In RAN4 #89 meeting, beam correspondence requirement with no tolerance and multi-band relaxation for PC3 UE are agreed as a package. Then the two requirements could share the relaxation and have some design flexibility.   Considering of RAN meeting agreement, for PC3 UEs with no UL sweeping, it should meet Req1 and Req2 which include the multi-band relaxation defined in the spec.

If UE is designed with multi-band architecture for other power classes, the same principle shall apply. 
Observation 1: there is no discussion on shared relaxation for multi-band framework and BC for PC1/2/4 UE. 
For PC1 UE, RAN4 have some discussions when defining the power class requirement. In [2], there is a summary on the assumption of PC1 UE implementation from companies, 16 antenna elements(or more than 16 elements) with dual polarization are assumed for peak EIRP definition, compared with 4 elements assumed for PC3.
	Parameter
	Unit
	28GHz Band
	39GHz Band

	
	
	C1
	C2
	C3
	C4
	C4
	C1
	C2
	C3
	C4
	C4

	Pout per element
	dBm
	14.0
	14
	
	14
	14
	14.0
	14
	
	14
	14

	# of antennas in array
	
	16
	16
	
	16
	32
	16
	16
	
	16
	32

	Total conducted power per polarization
	dBm
	26.0
	26
	
	26
	29
	26.0
	26
	
	24.6
	27.6

	Avg. antenna element gain
	dBi
	4.0
	4.5
	
	5
	5
	4.0
	4.5
	
	5
	5

	Antenna roll-off loss vs frequency
	dB
	-2.0
	-1.0
	
	-1
	-1
	-2.5
	-1.5
	
	-0.7
	-0.7

	Realized antenna array gain
	dBi
	14.0
	15.5
	
	14
	20
	13.5
	15.0
	
	17
	20

	Polarization gain
	dB
	2.80
	2.5
	
	2.5
	2.5
	2.80
	2.8
	
	2.5
	2.5

	Mismatch and transmission line loss including load pull
	dB
	-3.00
	-2.1
	
	
	
	-3.50
	-2.7
	
	
	

	Beam forming loss (phase shifter and amplitude error)
	dB
	-0.50
	-0.5
	
	
	
	-0.50
	-0.5
	
	
	

	Finite beam table
	dB
	-0.25
	-0.25
	
	
	
	-0.25
	-0.25
	
	
	

	Beam forming loss (one beam table fits all)
	dB
	-0.25
	-0.25
	
	
	
	-0.25
	-0.25
	
	
	

	Form-factor integration losses
	dB
	-3.50
	-4.5
	
	
	
	-4.50
	-5.5
	
	
	

	Total implementation loss (worst-case)
	dB
	-7.50
	-7.6
	
	-5
	-5
	-9.00
	-9.2
	
	-7
	-7

	Peak EIRP (Minimum)
	dBm
	35.30
	36.4
	33.9
	39.5
	45.5
	33.30
	34.6
	32.1
	36.4
	42.4


We can see from above table that with 16 antenna elements and 14dBm per PA assumption, the min peak EIRP evaluation would be lower than 40dBm. For more than 16 elements, 40dBm as in current spec would be reached.

Observation 2: Antenna array assumption for PC1 is generally with 16 elements which is much larger than PC3.
Observation3: To meet MOP requirement in the current spec for PC1 UE, it needs more than 16 elements with 14dBm per PA output.
When we have discussion on multi-band relaxation, companies provide simulation results [3][4] with collocated antenna design for multi-band that the performance would decrease 1-2dB. While for beam correspondence, we already know that there will be a random phase error introduced between each two elements when UE select a UL corresponding beam based on the DL RS measurement, the antenna pattern would be changed even though the receiving and transmitting direction is aligned.
Larger scale antenna array for PC1 design cannot be avoided compared with PC3, and the beam width is primary depending on the antenna array scale. With the antenna array become larger, the wide band antenna performance for multi-band and the deviation on BC would be even larger. Considering the combined deteriorate from multi-band and BC especially for no UL sweeping, we propose to define relaxation for PC1 UE on both peak and sphere coverage. The relaxation could be defined as a package like PC3.
Proposal 1: Define multi-band relaxation for PC1 UE on both peak and spherical coverage in Rel15.
2.2 Req3 test procedure
Req3 is only for UE BC with UL beam sweep. In [1], there are some staged agreement for Req3 test. It can be summarized as below:
· Two EIRP should be calculated for each point on the test grids

· EIRP1 is corresponding beam 

· EIRP2 is the best EIRP, no specific definition now

· Delta EIRP = EIRP2-EIRP1
· Only for PC3 UE: The Delta EIRP CDF is obtained, UE need to satisfy [X]-percentile of delta EIRP CDF is no more than [Y] dB
For EIRP1, the measurement antenna on each test point of the grids defined in TR 38.810 sends the DL RS to the UE, then the UE choose the corresponding beam without UL beam sweeping. And the EIRP1 will be captured by the measurement antenna without moving.

For EIRP2 measurement, the UE need to be configured with several SRSs for beam management, and the network/TE will choose the best beam for the UE by U2 procedure. The measurement antenna need to capture the EIRP value of the best beam without moving.
Proposal 2: For EIRP2 measurement, the best beam is based on UL beam sweeping, the measurement antenna position should keep unchanged during the procedure.

For delta EIRP CDF, it is used to verify the power difference between best beam and corresponding beam in the fixed DL direction. In the WF, X is proposed to be between 80 and 100. It means UE need to satisfy the Y dB almost on each test point on the grids. Then this YdB should be defined for the beam with large scan angle (relatively large) which makes the requirement is not apply for the beam closer to boresight direction which is actually more important. We think that is why we choose CDF to see the average difference. So X=[80,100] is not reasonable. 
Observation 4: X=[80,100] is not reasonable to see the average difference for all beam direction, and makes YdB is not applied for the beam closer to boresight direction.

3 Conclusion

In this contribution we discussed on the open issues on beam correspondence, according to the analysis, we have the following proposals:
Observation 1: there is no discussion on shared relaxation for multi-band framework and BC for PC1/2/4 UE. 

Observation 2: Antenna array assumption for PC1 is generally with 16 elements which is much larger than PC3.

Observation3: To meet MOP requirement in the current spec for PC1 UE, it needs more than 16 elements with 14dBm per PA output.
Proposal 1: Define multi-band relaxation for PC1 UE on both peak and spherical coverage in Rel15.
Proposal 2: For EIRP2 measurement, the best beam is based on UL beam sweeping, the measurement antenna position should keep unchanged during the procedure.

Observation 4: X=[80,100] is not reasonable to see the average difference for all beam direction, and makes YdB is not applied for the beam closer to boresight direction.
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