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1 Introduction
In RAN4 #94bis-e meeting, WF[1] on new FR2 FWA UE was approved. 
This paper provides further analysis on UE RF requirement for new FR2 FWA UE.
2 Discussion
2.1 UE RF requirement 
2.1.1  Assumption and power budget for min peak EIRP/EIS
When defining RF requirements for PC1 and PC3, antenna elements assumption was agreed for them respectively.
For PC3, 4 antenna elements is assumed, while for PC1, 16 antenna elements is assumed (there is also some evaluation based on 32 elements). Based on antenna assumptions, min peak EIRP/EIS is decided by companies input on power budget. Hence we think antenna elements assumption should be agreed in RAN4 firstly. 
Reviewing on Japanese regulation requirements, actually the max antenna gain is defined as 20dBi. 20dBi requires for at least 32 antenna elements. Assumes 14dBm output power per element, it will be 32dBm TRP considering dual polarization gain which far exceeds the max TRP limitation. For 16 antenna elements, it can have about 16dBi antenna gain, and 29dBm TRP with 14dBm per element output power. We can see that reducing number of antenna elements will have impact on directional gain while we need to control the max TRP limit. To reach the balance between antenna gain and TRP, 14dBm Pout per element may be not suitable for the new FWA UE. We provide the comparison on the theoretical calculation in the below table, we can see the rule combined on Pout per element and elements number. Considering FWA usage, higher min peak EIRP than PC3 would be needed, it requires for adaptable TRP and antenna gain.

From values shown in table 1, we would like to choose the configuration with TRP little higher than 23dBm (considering there could be implementation loss) and antenna gain in the middle range. Thus, the best choice would be 11dBm Pout per element and 16dBi antenna gain.
	Pout per element
	14dBm
	14dBm
	11dBm
	14dBm
	14dBm

	# of elements in an array
	32
	16
	16
	8
	4

	Max TRP
	32dBm
	29dBm
	26dBm
	26dBm
	23dBm

	Antenna gain
	19dBi
	16dBi
	16dBi
	13dBi
	10dBi


Proposal 1: Agrees on 16 antenna elements assumption for the new FWA UE.
Based the analysis above, we provide power budget for T/Rx in Table 2 and Table 3.
Table 2: Power budget for min peak EIRP

	Parameters
	unit
	Nominal 
	Worst 

	Band
	
	n257, n258

	Pout per element
	dBm
	11dBm
	

	# of elements in an array
	
	16
	

	Total conducted power per polarization
	dBm
	23
	-1

	Avg antenna element gain
	dBi
	4
	0

	Antenna rolloff loss versus frequency
	dB
	-1.5
	-0.2

	Realized antenna array gain
	dBi
	14.5
	0

	Polarization gain
	dB
	2.8
	-0.5

	Mismatch and transmission line loss including load pull
	dB
	-2
	-0.7

	Beam forming loss(phase shifter and amplitude error)
	dB
	-0.5
	0

	Finite beam table
	dB
	-0.1
	0

	Beam forming loss(one beam table fits all)
	dB
	-0.25
	0

	Form factor integration losses
	dB
	-2
	-1

	Total implementation loss(nominal)
	dB
	-4.85
	

	Total implementation loss(worst case)
	dB
	
	-8.3

	Total implementation loss(best case)
	dB
	
	

	Max TRP, should≤23dBm
	
	22dBm
	

	Peak EIRP(nominal)
	dBm
	35.48
	

	Tolerance(+/-)
	dB
	
	3.5

	Peak EIRP(Minimum)
	dBm
	32
	


Table 3: power budget for min peak EIS

	Parameter
	Unit
	Value

	Band
	
	n257, n258

	modulation
	
	QPSK

	SNR
	
	-1dB

	Bandwidth
	MHz
	50MHz

	Thermal noise
	dBm/Hz
	-174

	Noise Figure
	dB
	12

	Number of antenna in an array
	
	16

	Array gain
	dB
	11

	Element gain
	dBi
	4

	Diversity gain
	dB
	0

	Antenna gain roll-off over frequency
	dB
	-1.5

	Beamforming loss
	dB
	-0.25

	Total insertion loss
	dB
	-8.3

	REFSENS
	dBm
	-93.3


Observation 1: with 16 elements assumption, max TRP is ensured be ≤23dBm.

Proposal 2: Define minimum peak EIRP for the new FWA UE as 32dBm.
Proposal 3: Define maximum peak EIS for the new FWA UE as -93.3dBm.

2.1.2 spherical coverage requirement

In the WF[1], spherical coverage requirement was agreed to be 85% for both transmitter and receiver requirement. For PC1, we define 8dB difference between min peak EIRP and 85% CDF EIRP, same power difference is defined for EIS requirement, considering of scan loss w/o Radome, additional Radome loss and implementation margin.
For the new FWA UE, 16 antenna elements is assumed which is similar as for PC1. So 8dB difference can be reused for the new FWA UE.

Proposal 4: 8dB power difference is defined at 85%-tile from peak direction EIRP/EIS value for both transmitter and receiver.
2.1.3 performance evaluation 

To have evaluation on the performance on cell edge, we provide UL and DL budget for high modulation order using the assumption for FR2 coexistence simulation that the UE-BS distance is 30m for dense urban, 100m for macro urban.

	BS Rx parameter
	UL(64QAM)
	BS Tx Parameter
	DL(64QAM)

	BS noise figure
	9
	Antenna element number
	256

	Signal BW(MHz)
	200
	PA per element
	8dBm

	Thermal noise floor @BS
	-82
	Antenna gain
	32dB

	SNR for free space
	-36.9-(-82)=45.1
	-47.3-(-82)=34.7
	Tx EIRP
	64dBm

	SNR with penetration loss
	15.1
	4.7
	
	

	Wanted conducted signal level
	-39.9
	-47.3
	
	

	Element gain
	8
	
	

	Number of antenna elements
	256
	
	

	Array gain
	24
	
	

	Total antenna Gain
	32
	
	

	Needed RX power at LNA input
	-68.9
	-79.3
	
	

	BS set point margin
	10
	
	

	Required RX power at BS
	-58.9
	-69.3
	
	

	PATH LOSS

	UE-BS distance[m]
	30m
	100m
	UE-BS distance[m]
	30m
	100m

	Free space path loss@28GHz[dB]
	90.9
	101.3
	Free space path loss@28GHz[dB]
	90.9
	101.3

	Penetration loss
	30dB
	Penetration loss
	30dB

	UE Tx Parameter

	UE EIRP
	32dBm
	Rx power 
	-26.9dBm
	-37.3dBm

	
	
	UE noise figure
	10dB

	
	
	UE noise floor
	-81dB:

-174+10Log(200MHz)+10+IM

	
	
	Rx antenna gain
	14.5dBi

	
	
	SNR for free space 
	-26.9+14.5+81
=68.6dB
	-37.3+14.5+81
=58.2dB

	
	
	SNR with penetration loss
	38.6dB
	28.2dB


For 64QAM, the SNR requirement is about 22~25dB, from the analysis we can conclude that min peak EIRP 32dBm is enough for UL 64QAM for free space path for LOS path, when there is additional penetration loss , UL coverage is limited, it is even worse at CDF 85%-tile . Since FWA device have no mobility requirement, the uplink performance depends on the UE transmission power and the deployment, higher min peak power is preferred.
Observation 2: UL performance for high order modulation is limited by transmission power 
2.1.4 whether MPR can reuse PC3

With the same max TRP requirement and same emission requirement, we generally think the MPR for new FWA UE can reuse the MPR defined for PC3.
However, as mentioned before, since the antenna elements number and the PA output power could be changed to reach the balance between high antenna gain and max TRP limitation, the MPR may need to be re-evaluated based on the PC3 MPR framework. For example, the min peak EIRP for PC3 is 22.4dBm while the max TRP is 23dBm with 4 antenna elements per polarization. Assuming 8.5dB antenna gain provided by most companies, the real TRP is about 25dBm(nominal peak EIRP)-8.5dB=16.5dBm; for the new FWA UE, we propose nominal peak EIRP with 35dBm with 14.5dB antenna gain, then the real TRP would be 20.5dBm. we can see a 4dB real TRP different between PC3 and PC5. Hence, the MPR may need to some re-evaluation.
Considering the potential TRP difference between PC3 and the new FWA UE, we propose to revise the MPRnarrow as 7dB for the new FWA UE.
Proposal 5: Define MPRnarrow=7dB for the new FWA UE, other MPR requirement reuse the values defined for PC3.
2.1.5 Minimum output power
Considering 16 antenna elements is used, the min peak EIRP is about 10dB larger than PC3 with 4 elements assumption, then the minimum output power would be 10dB higher than PC3 with -3dBm. While for PC3, PA output power is assumed with 14dBm, since there is TRP limitation 23dBm, the PA output power for the new FWA UE is 3dB lower. Hence, we propose -6dBm minimum output power.

Proposal 6: Minimum output power is -6dBm with EIRP test metric in the peak direction.
2.1.6 Initial consideration on BC requirement for new FWA UE

2.1.6.1 Multi-band relaxation
For multi-band relaxation requirement, we can follow the agreement in Rel-16: specify multiband relaxation framework with per-band relaxation. Since this WI is only related to n257 and n258, only 1 multi-band combination (n257+n258) need to be considered. 

Proposal 7: For new FR2 FWA UE, specify multiband relaxation framework with per-band relaxation approach.
Assuming 16 antenna elements for the new FWA UE, the beam width is finer for both DL and UL beam compared with PC3, it means that tiny inaccuracy on DL Beam measurement and corresponding beam selecting will lead to larger difference between best beam and corresponding beam. Meanwhile, larger scale antenna array will deteriorate the wide band antenna performance even worse. Hence, larger value for multiband relaxation would be needed for the new FWA UE.

For n257+n258 combination, we propose to define 1dB per band for multi-band relaxation for the new FWA UE.

Proposal 8: For new FR2 FWA UE, specify the multi-band relaxation requirement for each band as below：
	Band
	MBp(dB)
	MBs(dB)

	n257
	1
	1

	n258
	1
	1


And it is the precondition to define beam correspondence requirement.
2.1.6.2 Beam correspondence requirement

For beam correspondence requirement, the same framework as PC3 can be reused, But the specific value shall be evaluated specifically for new FWA UE. In WF approved in RAN#82[4], UE feature 2-20 is agreed to mandatory support beam correspondence, where bit 1 means UE fulfills beam correspondence requirement without the uplink beam sweeping and UE fulfills beam correspondence requirement with the uplink beam sweeping for bit 0. Since it is UE feature in RAN1, in our understanding, this agreement is adaptable for all FR2 power classes UE.

Observation 3: The agreement on UE feature 2-20 is valid for all FR2 power classes. Beam correspondent is mandatory with the capability signaling definition for new FWA UE:

· UE fulfills beam correspondence requirement without the uplink beam sweeping shall set the bit to 1

· UE fulfills beam correspondence requirement with the uplink beam sweeping shall set the bit to 0.
Reuse the same framework on beam correspondence as for PC3, we define the BC requirement for bit 1 UE and bit 0 UE respectively.

Proposal 9: For bit 1 UE, it shall meet min peak EIRP requirement and spherical coverage requirement without uplink beam sweeping.

For bit 0 UE, it shall meet min peak EIRP requirement and spherical coverage requirement with uplink beam sweeping, and shall meet beam correspondence tolerance requirement.

For the new FWA UE, we need to evaluate the beam correspondence tolerance requirement specifically. The simulation assumption is proposed in below table, all phase error and amplitude error are assumed on each element as random distribution:

Table 1. Simulation assumption for EIRP tolerance

	UE RF parameter
	unit
	Value

	Frequency band
	
	n257/n258

	Measurement grid
	degree
	7.5o or 15o

	# of element antennas
	
	16 elements with 1 panel

	Polarization 
	
	Dual polarization

	Phase error per antenna element(δpk) 

Amplitude error per antenna element(δak)
	Degree/dB
	δpk  ~ N(0, σ2)with σ=[0~22o]
δak  ~ N(0, σ2)with σ=[0~2]dB

	Error in RSRP estimation(Dk)
	dB
	Dk   ~ N(0, 22)


Proposal 10: For new FR2 FWA UE, [X] percentage of delta EIRP CDF is no more than [Y]dB, the simulation assumption is in table1.
3 Conclusion

In this contribution we discussed on the open issues on new FWA UE RF requrement, according to the analysis, we have the following proposals:
Proposal 1: Agrees on 16 antenna elements assumption for the new FWA UE.
Observation 1: with 16 elements assumption, max TRP is ensured be ≤23dBm.

Proposal 2: Define minimum peak EIRP for the new FWA UE as 32dBm.

Proposal 3: Define maximum peak EIS for the new FWA UE as -93.3dBm.

Proposal 4: 8dB power difference is defined at 85%-tile from peak direction EIRP/EIS value for both transmitter and receiver.
Observation 2: UL performance for high order modulation is limited by transmission power
Proposal 5: Define MPRnarrow=7dB for the new FWA UE, other MPR requirement reuse the values defined for PC3.
Proposal 6: Minimum output power is -6dBm with EIRP test metric in the peak direction.
Proposal 7: For new FR2 FWA UE, specify multiband relaxation framework with per-band relaxation approach.
Proposal 8: For new FR2 FWA UE, specify the multi-band relaxation requirement for each band as below：
	Band
	MBp(dB)
	MBs(dB)

	n257
	1
	1

	n258
	1
	1


And it is the precondition to define beam correspondence requirement.
Observation 3: The agreement on UE feature 2-20 is valid for all FR2 power classes. Beam correspondent is mandatory with the capability signaling definition for new FWA UE:

· UE fulfills beam correspondence requirement without the uplink beam sweeping shall set the bit to 1

· UE fulfills beam correspondence requirement with the uplink beam sweeping shall set the bit to 0.
Proposal 9: For bit 1 UE, it shall meet min peak EIRP requirement and spherical coverage requirement without uplink beam sweeping.

For bit 0 UE, it shall meet min peak EIRP requirement and spherical coverage requirement with uplink beam sweeping, and shall meet beam correspondence tolerance requirement.

Proposal 10: For new FR2 FWA UE, [X] percentage of delta EIRP CDF is no more than [Y]dB, the simulation assumption is in table1.
References
[1] R4-2005177 “WF on FR2 new FWA UE RF and RRM requirement” RAN4 #94b, Huawei, HiSilicon
3GPP


