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Introduction
Remaining issues for the FR2 new FWA UE RF requirement can be summarized as below:
· Peak EIRP/EIS
· UE capability on power class
· Beam correspondence and MBR requirement
· MPRnarrow requirement
This paper provides further proposal on FR2 new FWA UE RF requirement in Rel-17. 
[bookmark: OLE_LINK5]Discussion
Peak EIRP and EIS
Uplink limited system:FR2 
Considering high frequency of FR2 and high pathloss/penetration loss, FR2 network coverage is limited. For handheld type UE, the output power is limited by antenna array size, PA number, power consumption and form factor. Hence FR2 Handheld UE is highly limited by uplink power, it makes hot-spot coverage for FR2 handheld more popular. 
Meanwhile, such limitation triggers the FWA application into commercial usage on FR2. It has few limitation on power consumption, form factor and antenna array scale. In Rel-15, FWA UE PC1 is specified with minimum EIRP 40dBm which requires for more than 16 elements per polarization to reach. Such FR2 high power application can introduce 5G signal outdoor into building, and enhance on the uplink coverage distance. By professional install, the UL coverage radius can be more than 2km.
Under regulatory requirement with max TRP/EIRP 23dBm/43dBm, Rel-17 New FWA UE targets for enhance FR2 uplink coverage under such condition. 
To have evaluation on the performance of UL coverage, we provide UL and DL budget for each modulation order in Table 1. The comparison on UL and DL coverage can be seen clearly.
Table 1-1. UL coverage performance evaluation parameters for 28GHz 
	UE Tx Parameter(28GHz)

	Modulation
	QPSK
	16QAM
	64QAM

	Bandwidth
	200MHz

	UE min peak EIRP 1
	32dBm[1]

	UE min peak EIRP 2
	28.7dBm[2]

	UE min peak EIRP 3
	26dBm[3]

	MPR(inner allocation for CP-OFDM)
	3.5dB
	5dB
	7.5dB

	UE antenna height(hUT)
	1.5m

	gNB Rx parameter

	[bookmark: _Hlk47709043]Element number
	256

	NF
	9dB

	Thermal noise floor
	-89dBm

	Element gain
	8dBi

	Array gain
	24dB

	Total antenna Gain
	32dB

	Rx total noise floor
	-80dBm

	BS height(hBS)
	10m

	Demod threshold
	QPSK
	16QAM
	64QAM

	[bookmark: _Hlk47709694]
	2dB
	10dB
	15dB

	Max path loss
	135dB
	125dB
	118dB

	[bookmark: OLE_LINK6]Path Loss for Link-Umi-LOS

	Shadow fading std
	4dB

	d’BP
	2π hBS hUT fc/c=1680

	PL1
	32.4+21log(d3D)+20log(fc)

	PL2
	32.4+21log(d3D)+20log(fc)-9.5log( (d’BP^2)+ (hBS-hUT)^2)

	PL
	


	Path Loss for Link-Umi-NLOS

	Shadow fading std
	7.8dB

	d’BP
	2π hBS hUT fc/c=1680

	PL
	


for 




	Other penetration loss assumption

	Glass
	10dB(single film) or 20dB(bi-layer film)

	Foliage
	10dB



The relation among d3D, d2D, hUT and hBS can be provided as below from TR 38.901:




From the budget calculation based on above assumptions, we get the following UL coverage radius for LOS and NLOS respectively:
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Table 1-2 UL coverage radius for different UE Tx power
	
	Umi-LOS(single film glass)
	Umi-NLOS(single film glass)

	UE min peak EIRP
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM

	32dBm
	222m
	78m
	33m
	32m
	15.6m
	6.8m

	28.7dBm
	142m
	49m
	20m
	24m
	10.7m
	N/A

	26dBm
	114.6m
	40m
	15.5m
	20.5m
	8.5m
	N/A



	
	Umi-LOS(bi-film glass)
	Umi-NLOS(bi-film glass)

	UE min peak EIRP
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM

	32dBm
	73.8m
	24.8m
	7.78m
	15m
	3.6m
	N/A

	28.7dBm
	47m
	14.5m
	N/A
	10.14m
	N/A
	[bookmark: OLE_LINK7]N/A

	26dBm
	37.4m
	10.5m
	N/A
	7.9m
	N/A
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]N/A



Table 2-1. DL coverage performance evaluation parameters for 28GHz
	gNB Tx Parameter(28GHz)

	Element number
	256

	Element gain
	8dBi

	Total array gain
	32dB

	Total EIRP
	QPSK
	16QAM
	64QAM

	
	64dBm
	63dBm
	61dBm

	UE Rx parametere

	UE total noise floor
	-82dBm

	UE max peak EIS 1
	-93.3dBm@50MHz [1]

	Demod threshold
	QPSK
	16QAM
	64QAM

	
	2dB
	10dB
	15dB

	Path Loss for Link-Umi-LOS

	Shadow fading std
	4dB

	d’BP
	2π hBS hUT fc/c=1680

	PL1
	32.4+21log(d3D)+20log(fc)

	PL2
	32.4+21log(d3D)+20log(fc)-9.5log( (d’BP^2)+ (hBS-hUT)^2)

	PL
	


	Path Loss for Link-Umi-NLOS

	Shadow fading std
	7.8dB

	d’BP
	2π hBS hUT fc/c=1680

	PL
	


for 




	[bookmark: OLE_LINK4]Path Loss

	Other penetration loss assumption

	Glass
	10dB(single film) or 20dB(bi-layer film)

	Foliage
	10dB



Table 2-2 DL coverage radius for different UE Tx power
	
	Umi-LOS(single film glass)
	Umi-NLOS(single film glass)

	[bookmark: _Hlk47710508]UE max peak EIS
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM

	-93.3dBm
	1.9km
	805m
	373m
	127m
	70m
	44m



	
	Umi-LOS(bi-film glass)
	Umi-NLOS(bi-film glass)

	UE max peak EIS
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM

	-93.3dBm
	721m
	269m
	124m
	65m
	36m
	21.8m



From comparison for FR2 UL and DL coverage, we found that it is highly uplink limited system. It makes high Tx power crucial for this network. It is not exaggerated to say: 26~28.7Bm Tx power is far from the basic requirement that the system requires for.
When Tx power is lower than 30dBm, we can see 64QAM is generally not possible for uplink transmission, it will have big impact on throughput and user experience. Without 64QAM indoor experience, NR do not have evident gain compared with fiber cable into building.
Observation 1: When Tx power is lower than 30dBm, we can see 64QAM is generally not possible for uplink transmission on 28GHz.
 Min peak EIRP
As we provide the power budget and analysis in [1], our initial proposal on min peak EIRP is 32dBm with 16 antenna elements per polarization.
In the previous meetings, companies provide min peak EIRP summarized as below:
	Contribution No.
	Antenna elements assumption
	Min peak EIRP

	[1]
	16
	32dBm

	[2]
	16
	28.7/28dBm

	[3]
	8
	26dBm

	[4]
	8
	28.3dBm

	[5]
	8
	27.4dBm


For 16 antenna elements assumption, the average value is around 30.5dBm. Finally this value is acceptable to most companies.
Considering the cost of UE design, some vendors prefer 8 antenna elements assumption. We fully understand on this choice, and admit that 32dBm is not easy for UE with 8 element to reach with 23dBm TRP upper limit. However, we think 30.5dBm for UE with 8 antenna element is possible from implementation perspective, and such evaluation already considers production variants. However, UE need to do some calibrate work on tolerance control. We provide power budget for 8 antenna elements as below:
Table 1: Power budget for min peak EIRP with 8 antenna element
	Parameters
	unit
	Nominal 
	Worst 

	Band
	
	n257, n258

	Pout per element
	dBm
	14dBm
	

	# of elements in an array
	
	8
	

	Total conducted power per polarization
	dBm
	23
	

	Avg antenna element gain
	dBi
	4
	

	Antenna rolloff loss versus frequency
	dB
	-1
	

	Realized antenna array gain
	dBi
	12
	

	Polarization gain
	dB
	2.8
	

	Mismatch and transmission line loss including load pull
	dB
	-2
	

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

	Finite beam table
	dB
	-0.1
	

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

	Form factor integration losses
	dB
	-2
	

	Total implementation loss(nominal)
	dB
	-4.85
	

	Total implementation loss(worst case)
	dB
	
	-7

	Total implementation loss(best case)
	dB
	
	

	Max TRP, should≤23dBm
	
	21.8dBm
	

	Peak EIRP(nominal)
	dBm
	32.95dBm
	

	Tolerance(+/-)
	dB
	
	

	Peak EIRP(Minimum)
	dBm
	30.8
	



Observation 2: 30.5dBm min peak EIRP could be reached for both UEs with 16 and 8 antenna elements.
Considering companies may have different design consideration, we can compromise to accept following min peak EIRP:
Table 2: UE minimum peak EIRP for power class 5
	Operating band
	Min peak EIRP (dBm)

	n257
	30.4

	n258
	30.7

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance


Proposal 1: define min peak EIRP for FR2 new FWA UE as in table 2.
Max peak EIS
Similar as for min peak EIRP, max peak EIS evaluation are also divided into 2 groups: 16 elements and 8 elements.
During the discussion, 3 options are raised:
· Take the average value for 16 elements assumption: 
· -93.75dBm for n258 (from -94.2/-93.3dBm)
· -93.4dBm for n257 (from -93.5/-93.3dBm)
· Take the average value for 8 elements assumption: -91.9dBm (from -90.8/-92.9/-92 dBm)
· Take all values as average: around -92.6dBm
Max peak EIS evaluation is similar as for min peak EIRP, -93.5dBm is also workable for 8 antenna elements. However it needs more calibration work.
Proposal 2: define min peak EIRP for FR2 new FWA UE as in table 3.
Table 3: Reference sensitivity for power class 5
	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-93.4
	-90.4
	-87.4
	-84.4

	n258
	-93.7
	-90.7
	-87.7
	-84.7

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4


Beam correspondence and MBR requirement 
[bookmark: OLE_LINK149]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. 
Assuming 16 or 8 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 MBR value per band, there are still 3 options under discussion[7]:
· 0.7dB per band for both peak and spherical
· 0dB
· 0.5dB
We prefer 0.7dB which follows the Rel-16 MBR requirements which agrees in FR2 enhanced RF requirement WI. With more antenna elements than PC3, same MBR requirement is already an enhancement for antenna design.
FWA UE only have 85% CDF spherical coverage requirement, 1 or 2 beams could cover the required spherical range. Additionally, FWA is installed with direction toward to the gNB. Actually, beam correspondence requirement is not so important compared with PC3. This is why PC1 is successfully commercialized without BC requirement.
However, we are OK to follow BC requirement as defined for PC3, i.e. to define both bit 1 and bit 0 for the new FWA UE. 
Proposal 3: For new FR2 FWA UE, specify the multi-band relaxation requirement per band as 0.7dB for both peak and spherical requirement. 
Proposal4: Define both bit 0 and bit 1 beam correspondence requirement for the new FWA UE.
[bookmark: _GoBack]MPRnarrow for the new FWA UE
Generally, RAN4 assumes that MPR is defined based on the total TRP transmitted by all PAs. For new FWA UE, the output power for one PA maybe lower than PC3, this is because new FWA UE need more antenna elements to reach the higher EIRP, output power for each PA is reduced to ensure total TRP not exceed 23dBm. However, the total TRP for FWA UE is larger than PC3. For PC3, the max TRP is 23dBm, and min peak EIRP is 22.4dBm, the total TRP do not need to push to the max: 23dBm, it can be less than 23dBm, e.g. 16.5dBm, and UE still can meet the min peak EIRP requirement 22.4dBm.
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.
Additionally, MPRnarrow is defined only for narrow RB allocation which is limited within 1.44MHz and only for the outer 1/3 position in the current spec(0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB). For such case, all the TRP transmission is focused on 1 RB and make PSD very high, then it leads to the emission problem.
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. The MPR requirement other than MPRnarrow can reuse the values defined for PC3. 
Proposal 5: Define MPRnarrow=7dB for the new FWA UE, other MPR requirement reuse the values defined for PC3.
Conclusion
In this contribution we discussed on the open issues on new FWA UE RF requirement, according to the analysis, we have the following proposals: 
Observation 1: When Tx power is lower than 30dBm, we can see 64QAM is generally not possible for uplink transmission on 28GHz.
Proposal 1: define min peak EIRP for FR2 new FWA UE as in table 2.
Proposal 2: define min peak EIRP for FR2 new FWA UE as in table 3.
Proposal 3: For new FR2 FWA UE, specify the multi-band relaxation requirement per band as 0.7dB for both peak and spherical requirement. Define both bit 0 and bit 1 beam correspondence requirement for the new FWA UE.
Proposal 4: Define MPRnarrow=7dB for the new FWA UE, other MPR requirement reuse the values defined for PC3.
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