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1. Introduction

Carrier aggregation is the chosen technology to extend system bandwidth and higher data rate.  In RAN4 #51 meeting, a set of multi-carrier deployment scenarios has been identified [1] for the study phase for ITU-R submission. In ITU-R submission template, maximum output power for mobile terminal is required in order to get a common basis for both the operators needs and terminal implementation. It is especially important to define the maximum output power since this sets the limit from a network planning perspective. 
This contribution analyzes the impact of cell coverage and UE maximum output power on UE average output power and 95%CDF output power in ITU Urban Macro scenario from the system performance aspect.
2. UE Power Class

To evaluate LTE-A UE maximum output power, the following requirements should be considered.

· It would be better if LTE-A UE Power Class is consistent with UE Power Class defined in [2].
· LTE-A UE maximum output power should satisfy LTE-A system performance requirements by ITU-R: 

· Deployment Scenarios(Macro cell, Micro cell, Indoor/Home, High Speed)  

· Cell Coverage 

· Data rate/Spectrum Efficiency
Table 1 ITU-R requirements for UL average spectrum efficiency
	Radio env.
	Urban Macro
	Urban Micro
	Indoor
	Rural Macro

	UL Cell spectral efficiency(bit/s/Hz/cell)
	1.4
	1.8
	2.25
	0.7


· Cell edge user throughput
The cell edge user throughput is defined as the 5% point of CDF of the user throughput normalized with the overall cell bandwidth. Advanced E-UTRA should target making the cell edge user throughput to be as high as possible under a reasonable system complexity.
Table 2  ITU requirements for UL cell edge user throughput spectrum efficiency
	Radio env.
	Urban Macro
	Urban Micro
	Indoor
	Rural Macro

	UL Cell edge spectral efficiency(bit/s/Hz/cell)
	0.03
	0.05
	0.07
	0.015


(*10 users uniform-randomly dropped in the cell)

· Besides, UE power class should consider RF limits, such as UE Rx filter loss and sensitivity in different bands.
3. Simulation Result
Table 3 System simulation models and parameters

	Parameter
	Assumption

	Deployment Scenario
	Urban Macro

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Service Model
	Full buffer

	Antenna configuration at BS
	4 co-polarized antennas, with 4 lambda spacing

	Antenna configuration at MS
	single antenna element

	Bandwidth
	10MHz(2.0GHz)+10MHz (1.8GHz) for CA scenario;
10MHz(2.0GHz) for single carrier scenario;

	Duplex model
	FDD

	Schedule model
	PF

	Power Control model
	Open loop & Close loop power control combined

	Uplink transmission scheme
	1x4 SIMO

	Link adaptation
	Non-ideal

uplink is based on the delayed SINR estimation

	Feedback mode
	PUCCH mode 2-1

	Receiver type
	MMSE

	Channel estimation
	Ideal channel estimation at receiver

	Frequency granularity of PMI feedback
	5PRBs

	UE number per sector
	10

	Overhead consumptions 
	UL overhead: 6 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 symbol SRS per 10ms radio frame

	EVM model
	Follow release 8

	Frequency Reuse Factor
	1


3.1. Single Carrier Scenario
Table 4 simulation results for Single Carrier 
	UE Power Class(dBm)
	ISD
(m)
	Average Throughput

(Mbit/s/sector)
	Spectrum Efficiency

(bit/s/Hz)
	Cell Edge Spectrum Efficiency (bit/s/Hz)
	UE average output power
(dBm)
	UE 95% CDF output power(dBm)

	24
	500
	15.5
	1.55
	0.078
	11.95
	18.76


Figure 1 LTE UE CDF output power in Single Carrier scenario
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3.2. Carrier Aggregation Scenario

3.2.1. Cell Coverage 
From Table 5, it shows that LTE-A UE meets the uplink spectral efficiency requirements for different ISD. Meanwhile, comparing with single carrier scenario showed in Table 4, cell average throughput is doubled, while cell average & edge spectrum efficiency maintain the same, approximately. 

For UE average output power and 95% CDF output power, it increases about 3dB in carrier aggregation scenario. And reducing cell coverage could greatly reduce UE average output power and 95% CDF output power, showed in Figure 2.
Table 5  simulation results for LTE-A UE in CA scenario
	UE Power Class

(dBm)
	ISD
(m)
	Avg. Throughput

(Mbit/s/sector)
	Spectrum Efficiency

(bit/s/Hz)
	Cell Edge Spectrum Efficiency (bit/s/Hz)
	UE avg. output power(dBm)
	UE 95% CDF output power(dBm)

	24
	500
	31.906
	1.59
	0.079
	14.11
	21.25

	
	400
	31.601
	1.58
	0.082
	11.26
	18.13


Figure 2 LTE-A UE output power CDF for different ISD
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3.3. UE Power Class
Table 6 Simulation result for LTE-A UE with different UE Power Classes in CA scenario
	UE Power Class (dBm)
	ISD(m)
	Cell Average Throughput (Mbit/s)
	Cell average Spectrum Efficiency

(bit/s/Hz)
	Cell Edge Spectrum Efficiency (bit/s/Hz)
	UE Avg. Output Power(dBm)
	95% CDF Output Power (dBm)

	21
	500
	32.129
	1.61
	0.072
	13.47
	20.75

	24
	500
	31.906
	1.59
	0.079
	14.11
	21.25

	27
	500
	31.622
	1.58
	0.083
	14.68
	21.58


 Figure 3 LTE-A UE output power CDF for different Power Classes
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From Table 6, it shows that both cell average & cell edge spectrum efficiency have exceeded ITU-R requirements for Urban Macro Scenario for different UE Power Classes. Meanwhile, it also indicates that when UE Power Class increases from 21dBm to 27dBm, the corresponding cell edge spectrum efficiency increases, which means that higher UE Power Class benefits cell edge users. However, the cell average spectrum efficiency will decrease with increasing UE power class which is due to stronger interference power level that leads to deterioration of effective SINR and average spectrum efficiency.

As UE average output power for different Power Classes are almost the same and are much lower than UE Power Class, most UE could transmit at low power level. And this could explain their CDF output power curves are almost the same, showed in Figure 3.
4. Conclusion
This contribution evaluates carrier aggregation performance in ITU UMA deployment scenario and evaluation results are summarized below:
· UE Power Class: In [2], ITU-R has defined UE Power Class of 24dBm for Urban Macro scenario. And simulation result shows that LTE-A UE with Power Class of 24dBm can meet ITU-R spectrum efficiency requirement in (10MHz + 10MHz) carrier aggregation scenario. 
· Comparing with single carrier scenario, cell average throughput is doubled, while cell average & edge spectrum efficiency maintain the same in carrier aggregation scenario, approximately. 
· Comparing with single carrier scenario, UE average output power and 95% CDF output power will increase about 3dB in carrier aggregation scenario.
· Increasing UE Power Class has no improvement for cell average spectrum efficiency, which is due to the increasing interference power level and thus leads to deterioration of cell average spectrum efficiency.
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