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1.	Introduction
In RAN4#94-e-bis meeting, the link budget table format for the new FWA UE was agreed in the WF [1], EIRP and EIS proposals are expected in this meeting. On the other hand, two options are open between reusing existing power class and defining new power class and is expected to be determined in this meeting.
In this contribution, we share our view on option choice and link budget analysis of the new FWA UE.
2. 	Discussion
2.1	options of new FWA UE
In the approved WF [2] of last meeting, there are two options for the new FWA UE:
RAN4#95-e should decide on following options:
· Option 1: Existing power class with any modifications/additions (e.g. new UE capability) is reused.
· Option 1-1: Introduce new signaling to reuse PC1 platform
· Option 1-2: Define new UE capability for power classes with same min peak EIRP and different spherical coverage requirement, provided the max EIRP and max TRP are same
· Option 2: A new power class (PC5) is defined.
· Option 2-1: Stay as it is.
· 

For Option 1-1, concerns on introducing new signalling P-max to PC1 platform were already raised. P-max signalling could not reliably guarantee both max EIRP limitation and max TRP limitation simultaneously in all modes, thus the regulatory issue could not be addressed thoroughly. Besides, the accuracy is not good due to tolerance. Moreover, P-max will be discussed in other WI and there is no other new signalling available for the purpose of option 1-1.
For Option 1-2, PC2/3/4 are candidate power classes since the max EIRP and max TRP are the same. However, defining a new UE capability could not distinguish UEs into two categories. Since there is no upper tolerance in FR2 spherical coverage requirements, existing UEs without supporting the new UE capability may also meet the requirements for UEs supporting the new UE capability. As a matter of fact, current specification for PC2/3/4 does not preclude FWA UE as long as it satisfies the requirements of the corresponding power class. So it is not necessary to define a new UE capability to the existing power class.
The core characteristic of power class is an EIRP/TRP package of the min peak EIRP, max TRP, max allowed EIRP and spherical coverage EIRP. Especially for the spherical coverage requirement, it is an essential feature of FR2 UE and a key item for power class. A new UE type which has different EIRP/TRP requirement package than current power class 1/2/3/4 could not be considered as the same power class. So the most natural way is Option 2, i.e., to define a new power class (PC5) for the new FWA. 
Proposal 1: Define a new power class (PC5) for the new FWA UE with maximum TRP of 23dBm.
2.2	link budget analysis
Antenna elements number is the basic parameter for link budget analysis. In the approved WF [1] of last meeting, there are two options, 8 or 16. Based on 8 elements, our proposed link budget analysis for peak EIRP and peak EIS are shown in Table 2.2-1 and Table 2.2-2 respectively.
Table 2.2-1: link budget analysis for peak EIRP
	Parameter
	Unit
	Nominal value
	Worst value

	Operating bands
	GHz
	 n257/n258

	Pout per element
	dBm
	　
	11

	# of antennas in an array
	　
	option 1: 8
	8

	
	
	Option 2: 16
	

	Total conducted power per polarization
	dBm
	　
	20

	Average antenna element gain
	dBi
	　
	4.5

	Antenna roll-off loss versus frequency
	dB
	　
	-1.0

	Realized antenna array gain
	dBi
	　
	12.5

	Polarization gain
	dB
	　
	2.5

	Mismatch and transmission line loss including load pull
	dB
	　
	-2.1

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

	Finite beam table
	dB
	　
	-0.25

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

	Form factor integration losses
	dB
	　
	-4.5

	Total implementation loss (nominal)
	dB
	　
	/

	Total implementation loss (worst case)
	dB
	　
	-7.6

	Total implementation loss (best case)
	dB
	　
	-1.0

	Peak EIRP (Nominal)
	dBm
	　
	/

	Max TRP(Worst value) , should ≤ 23dBm
	dBm
	　
	22

	Tolerance (+/-)
	dB
	　
	/

	Peak EIRP (Minimum)
	dBm
	　
	27.4



Table 2.2-2: link budget analysis for peak EIS
	Parameter
	Unit
	Value

	Operating bands
	　
	n257/n258

	Modulation
	　
	QPSK

	SNR requirement
	dB
	-1

	Bandwidth
	MHz
	50

	Thermal noise
	dBm/Hz
	-174

	Noise Figure
	dB
	10

	Number of antenna in an array
	 
	8

	Array gain
	dB
	9

	Element gain
	dBi
	4.5

	Diversity gain
	dB
	0

	Antenna gain roll-off over frequency
	dB
	-1

	Beamforming loss
	dB
	-1

	Total insertion loss
	dB
	-6.6

	REFSENS for 50MHz channel BW
	dBm
	-92.9



It is noted that max TRP and peak EIRP are calculated with the following equations respectively: 
Max TRP (worst value) = Total conducted power per polarization + polarization gain (best case 3dB) + Total implementation loss (best case)
Peak EIRP (minimum) = Total conducted power per polarization + polarization gain (worst case 2.5dB) + Total implementation loss (worst case)
Compared with PC3, peak EIRP and peak EIS based on 8 elements assumption already show significant improvement, i.e., 5dB improvement in peak EIRP and 4.5dB improvement in peak EIS. In fact, even with 4 elements assumption for FWA, there is also 2dB improvement in peak EIRP and 1.5dB improvement in peak EIS due to lower implementation loss for FWA type UE than handheld UE.
Observation 1: even with 4 elements assumption, the peak EIRP and peak EIS requirement show improvement compared with PC3’s.
As to 16 elements option, due to limitation of max TRP, the Pout per element will be lower to 8dBm. There may be no available module in market for so low output power. If applying module with 14dBm Pout, then module’s Pout capability will be greatly wasted, meanwhile the performance benefits are limited by the max TRP. Moreover, 16 elements assumption will block some low cost products which is important for the new FWA industry.
Observation 2: for 16 elements assumption, the performance benefits are limited while there are other side effects
Based on the comparison with 4 elements and 16 elements, 8 elements assumption seems the best trade-off as a moderate elements number and obvious performance improvement compared with PC3.
Proposal 2: adopt 8 elements as the assumption for the new FWA UE
About peak EIS, our link budget analysis result show in Table 2.2-2 is -92.9dBm. Considering that PC2 also assumes 8 antenna elements and the antenna environment of FWA is not much different from PC2’s, so it is reasonable just to reuse the REFSENS of PC2 for the new FWA. So our proposal for peak EIRP and peak EIS is 27.4dBm and -92.0dBm respectively
Proposal 3: 27.4dBm is proposed as minimum peak EIRP and -92.0dBm is proposed as maximum peak EIS requirements.
2.3	spherical coverage
According to previous experience, spherical coverage requirement is usually derived based on an offset value from peak requirement. The offset value is 8.0 dB for PC1 as analysed in [3] comprising of necessary losses and appropriate implementation margin. This offset value is mainly determined by the spherical coverage percentile value and UE form factor. Since the new FWA shares the same spherical coverage percentile (85%-tile) and similar UE form factor, so it is reasonable to reuse the offset value 8.0 dB of PC1’s for the new FWA.
Proposal 4: for the new FWA UE, spherical coverage requirement at 85%-tile is specified as 8.0 dB offset from both peak EIRP requirement and peak EIS requirement.
3. 	Conclusion
Proposal 1: Define a new power class (PC5) for the new FWA UE with maximum TRP of 23dBm.
Observation 1: even with 4 elements assumption, the peak EIRP and peak EIS requirement show improvement compared with PC3’s.
Observation 2: for 16 elements assumption, the performance benefits are limited while there are other side effects
Proposal 2: adopt 8 elements as the assumption for the new FWA UE
Proposal 3: 27.4dBm is proposed as minimum peak EIRP and -92.0dBm is proposed as maximum peak EIS requirements.
Proposal 4: for the new FWA UE, spherical coverage requirement at 85%-tile is specified as 8.0 dB offset from both peak EIRP requirement and peak EIS requirement.
4. 	References
[1] [bookmark: _Ref6492277][bookmark: _Ref16090396][bookmark: _Ref536518839][bookmark: _Ref528673925][bookmark: _Ref525739026][bookmark: _Ref513646437][bookmark: _Ref508875069][bookmark: _Ref508874720][bookmark: _Ref484009661][bookmark: _Ref447703865][bookmark: _Ref455046197][bookmark: _Ref473734040][bookmark: _Ref481653652][bookmark: _Ref447634836][bookmark: _Ref447633816]R4-2005177    “WF on FR2 new FWA UE RF and RRM requirements”, Huawei
[2] R4-2005716    “WF on the option for FR2 FWA UE”, NTT DOCOMO
[3] [bookmark: _GoBack]R4-1806427    “Discussion on Spherical Coverage Requirement for FWA UE Type”, Samsung

