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1 Introduction
At RAN#46 the work items for Fixed Wireless CPE [1] was agreed. Some company’s think the increase in the maximum output power may be necessary. 
ZTE performed some link budget analysis and system simulation and the results shows that power boost could improve the link performance and edge spectrum efficiency. Besides the benefit of power boost, we provide some other consideration，such as interference and radiate risk. 

ZTE believes more study is needed to increase the transmission power. 

2 Link budget
Maximum allowed Path Loss of CPE has the relations with the CPE transmission power and BS receive sensitivity. When the CPE maximum output power is defined, the downlink coverage is determined by the receiver sensitivity in the different rate and BS receiver sensitivity and the downlink coverage is different. Here we focus on the different maximum uplink power in different scenarios and the different link budget performance. 

Link budget could be used to estimate the link performance in different scenarios. Here we do some Link budget which we have a lot of parameter to set as shown in table 2-.
Table 2-1 link budget assumption
	Parameter
	Scale
	Symbol
	Remark

	Overhead Channel
	　
	A1
	N/A

	UL Channel Bandwidth
	MHz
	B1
	LTE freq band

	UL RB Total Num
	　
	C1
	Relate to C1

	Format
	　
	D1
	　

	Num. of Tx antenna
	　
	E1
	N/A

	Num. of Rx antenna
	　
	F1
	N/A

	Assign Num of  RB
	　
	G1
	N/A

	RB Spacing
	kHz
	H1
	N/A

	
	
	
	

	eUE maximum power
	dBm
	A2
	N/A

	MIMO gain
	dB
	　
	　

	Beamforming gain
	dB
	　
	　

	Antenna gain
	dBi
	B2
	N/A

	Body Loss
	dB
	C2
	N/A

	TX EIRP per occupied allocation
	dBm
	D2
	N/A

	
	
	
	

	Thermal noise density
	dBm/Hz
	A3
	N/A

	RX noise figure
	dB
	B3
	N/A

	RX noise power
	dB
	C3
	C3=10*LOG(C1*G1*H1*1000)+A3+B3

	RX antenna gain
	dBi
	D3
	N/A

	RX diversity gain
	dB
	E3
	Relate to F1

	Interference Margin 
	dB
	F3
	Including Power Ctrl gain is 5dB

	Rx TMA
	dB
	G3
	N/A

	Rx Filter Loss + Cable Loss
	dB
	H3
	N/A

	Required SINR
	dB
	I3
	N/A

	Wanted Signal Mean Power (including RF gain & loss)
	dBm
	J3
	J3=C3+I3-E3-D3-G3+H3+F3

	
	
	
	

	Penetration Loss
	dB
	A5
	N/A

	Shadow Fading margin
	dB
	B5
	N/A

	
	
	
	

	Link Budget
	dB
	A6
	A6=D2-J3-A5-B5


Link budget equation：

Link budget= TX EIRP per occupied allocation - Wanted Signal Mean Power - PL - Shadow Fading margin
The CPE application scenario, here we consider link budget of 3 scenarios, which contains Urban, Urban with MIMO and Rural with Beamforming where each scenario have 2 kind of maximum output power that consist of 23dBm and 27dBm.

The results in table 2-2 and table 2-3 show the link budget of the different data-rate.
Table 2-2 link budget of output power is 23 dBm

	Data rate  kbps
	64 
	138 
	230 
	401 
	450 
	500 

	Urban
	127.75 
	125.86 
	122.15 
	117.39 
	115.60 
	113.79 

	Urban+MIMO
	129.75 
	127.86 
	124.15 
	119.39 
	117.60 
	115.79 

	Rural +BF
	144.35 
	142.46 
	138.75 
	133.99 
	132.20 
	130.39 


Table 2-3 link budget of output power is 27 dBm

	Data rate  kbps
	64 
	138 
	230 
	401 
	450 
	500 

	Urban
	131.75 
	129.86 
	126.15 
	121.39 
	119.60 
	117.79 

	Urban+MIMO
	133.75 
	131.86 
	128.15 
	123.39 
	121.60 
	119.79 

	Rural +BF
	148.35 
	146.46 
	142.75 
	137.99 
	136.20 
	134.39 


1. Urban 

Transmit antenna is 2, with MIMO gain; 

There is abundant multi-path information, MIMO could have the most gain, could avoid the interference, the link budget MIMO gain of 2dB. 

2. Urban with MIMO

Transmit antenna is 2, consider 2dB MIMO gain;
In the urban scenario, although the single cell link budget is improved, more output power might interfere with the BS and other users; need further study. 

3. Rural 23dBm, 2dB Beamforming gain 

In the scenario, the uplink power might affect the adjacent cell user. In the link budget, consider using beamforming or directional antenna, which could decrease the interference to adjacent cell. The numerical assume the Beamforming gain is 2dB, the 23dBm with the Beamforming performance is better than the link performance of Urban or sub-urban. 
4. Rural+BF 23dBm output compare with Urban output power 27dBm
Table 2-4 Rural +BF 23dBm compare with urban 27 dBm

	Rural +BF 23dBm
	144.35
	142.46
	138.75
	133.99
	132.2
	130.39

	Urban 27dBm
	131.75
	129.86
	126.15
	121.39
	119.6
	117.79


From table 2-4 result, it shows the Rural+BF gain 23dBm has the better link budget performance than Urban 27dBm. In other words, in the Rural+BF scenario, which might not need 27dBm output power. 
From the link budget result, it shows that use of the 27dBm could get the significant to the link performance in the different scenario. But for some scenario the 27dBm may not be necessary. 
3 Simulation assumption and results
3.1
 Simulation assumption

Table 3-1 system simulation assumption

	Item
	Value

	TDD/FDD
	FDD

	Network structure
	3-sectorized Hexagonal grid

	Site number
	7sites，Wrap around

	Cell radius
	500m

	BS altitude
	30m

	BS antenna configure 
	2 antenna

	Antenna pattern
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Theta3dB= 70 degrees,  Am = 20 dB

2-dimension antenna

	UE distribute 
	Uniform, average 10 UE/sector

	UE transmit power
	23dBm/27dBm

	UE antenna gain 
	0dBi

	Fading stand square
	8dB

	Correlation inter-cell
	0.5

	Frequency
	2.0GHz

	System width 
	10M

	Fading of large size
	PL=128.1 + 37.6 log (d), d in km

	Shadow coherent space
	50m

	Correlation factor inter cell 
	0.5

	Correlation between Sector
	1

	Penetration loss
	20dB

	User traffic mode 
	Full Buffer

	MCS number
	16 kind of MCS

	scheduler
	PF


3.2 
Simulation results 

Compare of Peak Edge throughput（23dBm，27dBm）

SE – spectrum efficient

ESE- edge spectrum efficient
Table 3-2 system simulation result of 23dBm output power
	ISD
	Alpha
	P0
	SE(bps/Hz/Cell)
	ESE(bps/Hz/user) 
	Full Pwr Ratio

	500
	0.6
	-54
	0.989039
	0.067859
	2.053997

	
	0.7
	-64
	0.953299
	0.073075
	4.392007

	
	0.8
	-75
	0.91792
	0.075203
	4.907738

	
	1
	-97
	0.835285
	0.079873
	6.119898

	1732
	0.6
	-63
	0.632943
	0.021495
	8.327806

	
	0.7
	-77
	0.502296
	0.023688
	5.792942

	
	0.8
	-90
	0.440103
	0.025346
	7.502976

	
	1
	-117
	0.308229
	0.027537
	7.664541


Table 3-3 system simulation result of 23dBm output power 27dBm
	ISD
	Alpha
	P0（ESE）
	SE(bps/Hz/Cell)
	ESE(bps/Hz/user)
	Full Pwr Ratio (%)

	500
	0.6
	-51
	0.979055
	0.072259
	1.173044

	
	0.7
	-61
	0.944893
	0.074137
	2.658163

	
	0.8
	-74
	0.908402
	0.077763
	3.215561

	
	1
	-91
	0.851716
	0.078647
	11.67007

	1732
	0.6
	-61
	0.739963
	0.029119
	2.868622

	
	0.7
	-74
	0.653651
	0.033841
	3.360969

	
	0.8
	-87
	0.583128
	0.03731
	5.678571

	
	1
	-113
	0.480281
	0.040013
	9.048895


Table 3-4 27dBm system simulation performance improve 
	ISD
	Alpha
	23dBm

ESE(bps/Hz/user) 
	27dBm

ESE(bps/Hz/user)
	Improve
(%)

	500
	0.6
	0.067859
	0.072259
	6.484033

	
	0.7
	0.073075
	0.074137
	1.453301

	
	0.8
	0.075203
	0.077763
	3.40412

	
	1
	0.079873
	0.078647
	-1.53494

	1732
	0.6
	0.021495
	0.029119
	35.46871

	
	0.7
	0.023688
	0.033841
	42.86136

	
	0.8
	0.025346
	0.03731
	47.20271

	
	1
	0.027537
	0.040013
	45.30632


Observe:

Alpha =0.7 system load,
500m   ESE improve 1.45%

1732m   ESE improve 42.8%
The result show the system load is 0.7 Alpha and that 1732m has the most improvement, which means that in the cell edge the power boost is more efficient. In the near cell, improvement is not significant. However, in the different system load in the edge the improvement is significant.
4 Discussion
Although increasing the uplink maximum out power may decrease the path loss, at the same time, the more output power may have the other effect: interference to the other UE of the intra-cell or adjacent-cell user. The boost maximum output power would have more radio risk (SAR) and  more output power that will affect battery life of CPE.
We’ll discuss  several items in the following such as: MIMO, beamforming and radiate to the body.  

4.1 
MIMO Gain

LTE-Advance UE have up to 4 antennas, could exploit more MIMO gain, especially in the urban scenario. The MIMO gain could compensate the lower transmission power. 

CPE antenna dimension size could be loosen, that would decrease the correlation between antenna, indoor or outdoor, especially in some rural scenarios, the antenna in outdoor could improve the channel condition. 

4.2 
Uplink Beamforming

LTE Rel-8 UE just have 1 transmit antenna, could not use the beamforming method. But the LTE-A CPE have up to 4 antennas, from the link budget, the result show that the rural scenario with the beamforming gain is obviously. 

Boost the CPE transmit power, in the uplink transmission, use beamforming to get the uplink gain and improve the coverage. 

4.3
 
SAR requirement

The more power means the more radiation risk to the body. The indoor scenario, FCC require the maximum output power of wireless equipment to be little than 27dBm (the specific will be added). The more output power may result in difficulties of that CPE fulfill the requirement of the SAR test. ICNIRP (International Commission on Non-Ionizing Radiation Protection) set the acceptable SAR value to 2W/kg and many countries use the criterion. 

5 Conclusion 

CPE with 27dBm output power has good performance of 3 different kinds of scenarios, but CPE with Beamforming gain could employ the power amplifier of 23 dBm to achieve the comparable performance when the CPE has 27dBm power amplifier.  
The CPE with 27dBm power amplifier could significantly increase user spectral efficiency in the cell edge, but somewhere near the cell the improvement is not significant. 

Except for the link evaluation and system simulation increasing the output power would deteriorate the SAR. 

Thus, to sum up the points which we have just indicated ZTE propose the following:
1. Different kinds of scenarios use different Power Amplifier and the specific category may need further study.

2. Not regular the identical power amplifier for the CPE. 
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