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1 Introduction

In the previous RAN4 meeting, LTE-A UE maximum output power for Carrier Aggregation scenario was studied in [1][2]. Some received comments suggested us to offer more detailed simulation assumptions and results. Therefore in this contribution, simulation assumptions are further clarified and the related simulation results are presented. 
2 Discussion
2.1 Deployment scenario
According to the requirements report for Advanced E-UTRA [3], ITU-R environments (Base Coverage Urban, Microcellular, Indoor, Rural/High Speed) defined in [4] and 3GPP scenarios defined in [5] are required for evaluation. Based on previous simulation results [2], it indicates that the worst scenarios for evaluating UE output power would be ITU-R urban macro and 3GPP case 1 because of the worst radio conditions in these two scenarios. Regarding ITU-R rural macro scenario, UE power class of 23dBm is adequate to meet system performance requirements. And for 3GPP case 3, considering that CA is usually used for higher capacity, there should be no strong motivation to use CA in large-radius cell. Therefore, ITU-R urban macro and 3GPP case 1 deployment scenarios are selected for evaluating LTE-A UE power class.
2.2 Frequency Band
The operating frequency band for ITU-R urban macro and 3GPP case 1 is assumed to be 2.0GHz in [3][4]. Thus, among 12 LTE-A CA scenarios defined in [6], scenario #7, #8, #10 are considered to be appropriate frequency band for ITU-R urban macro and 3GPP case 1. Meanwhile scenario #7 is regarded as the worst case for uplink simulation due to the largest isolation among the aggregated CCs In this case, LTE-A UE would transmit signals on these component carriers simultaneously. 
2.3 Coverage
In [7], it indicates that component carriers originating from the same transmitter could provide the same or different coverage. In our simulation, same coverage for different component carriers is assumed as the worse case for evaluating UE maximum output power because component carrier located at higher frequency band needs more power to compensate large path loss. Thus, when a UE transmits signal on multi-carriers simultaneously, the signal power received at eNB could be the same for each component carrier. In this case, UE maximum Tx power for different CCs would be different.
More detailed simulation assumptions are listed in Annex. A&B.
3 Simulation Result

Table 1 presents system throughput performances and UE output power in Single-Carrier scenario and it would be served as a reference to see the impact of CA on system performance and UE output power, as shown in Table 2. The average throughput for each CC in CA deployment scenario #7 is showed in Table 3.
Table 1 Single Carrier simulation results in different scenarios
	Scenario
	Frequency Band &Bandwidth
	UE Power Class (dBm)
	Average Spectrum efficiency (bit/s/Hz)
	5% CDF Spectrum efficiency(bit/s/Hz)
	UE average output power (dBm)
	UE 95% CDF output power (dBm)

	3GPP case 1
	10MHz @ 2.0GHz
	23
	1.13
	0.011
	15.9
	22.0

	ITU-R Urban Macro
	10MHz @ 2.0GHz
	23
	1.62
	0.043
	8.2
	15.0


Table 2 Multi-Carrier simulation results in different scenarios
	Scenario
	Frequency Band &Bandwidth
	UE Power Class (dBm)
	Average Spectrum efficiency (bit/s/Hz)
	5% CDF Spectrum efficiency(bit/s/Hz)
	UE average output power (dBm)
	UE 95% CDF output power (dBm)

	3GPP case 1
	Scenario #7
	23
	1.12
	0.007
	20.2
	23.0

	ITU-R Urban Macro
	Scenario #7
	23
	1.64
	0.040
	13.3
	20.5


Table 3 Average Throughput for each component carrier in CA scenario #7
	Scenario
	Throughput (Mbps/sector)

	
	CC 1 (10MHz @1.8GHz)
	CC 2(10MHZ@2.1GHz)
	CC 3(20MHZ@2.6GHz)

	3GPP case 1
	12.24
	11.64
	20.88

	ITU-R Urban Macro
	16.48
	16.41
	32.89


The UE CDF Tx power in single carrier and in multi-carrier scenarios are presented in Fig.1 and Fig.2 respectively.
Fig 1 (3GPP case 1) UE CDF Tx Power in single carrier scenario (10MHz @ 2.0GHz)
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Fig 2 (3GPP case 1) UE CDF Tx Power in CA scenario #7
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Fig 3 (ITU-R UMA) UE CDF Tx Power in single carrier scenario (10MHz @ 2.0GHz)
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Fig 4 (ITU-R UMA) UE CDF Tx Power in CA scenario #7
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4 Conclusion
For ITU-R Urban Macro and 3GPP case 1 scenarios, cell average spectrum efficiency in the worst CA scenario #7 is kept approximately the same as that in single carrier scenario with carrier frequency of 2.0GHz. For cell edge spectrum efficiency, it maintains the same in ITU-R Urban Macro scenario; however, it decreases in CA scenario for 3GPP case 1, comparing with single carrier scenario. And there are 20% UE transmit at full power level in CA scenario. This result could be expected. On one hand, in CA scenario #7(10 MHz CC@1.8GHx + 10 MHz CC@2.1GHz + 20 MHz CC@2.6GHz), 75% spectrum resource located at higher frequency band than 2.0GHz, which means UE would have to endure more path loss. On the other hand, UE would be assigned more resource blocks due to wider system bandwidth, which could lead to the decrease of UE Tx PSD. However, the above problem could be solved by reducing scheduling unit and allowing more UEs to be scheduled as in UL resource block required by a UE is usually limited in the real communication system.
To sum up, it is proposed that LTE-A UE power class of 23dBm (+/-2dB) should be adequate for ITU-R submission. And the UE maximum output power should be defined based on the total transmit power regardless of the number of antennas, PAs and precoding used. 
We propose text for conclusion in TR 36.8XX for LTE-A UE Power Class.

---------------------------   Text Proposal   ----------------------------

5.3.2.2.1
Power Class
The following UE Power Classes define the maximum output power. 
Table 5.3.2.2.1-1: UE Maximum Output Power 
	E-UTRA Band
	Class 1

(dBm)
	Tolerance

(dB)
	Class 2

(dBm)
	Tolerance

(dB)
	Class 3

(dBm)
	Tolerance

(dB)
	Class 4

(dBm)
	Tolerance

(dB)

	
	
	
	
	
	23
	(2
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Annex A. 3GPP case 1 Simulation parameters

The parameters are based on 3GPP TR [25.814] and TR [36.814].

	Deployment Scenario
	3GPP case 1

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site)

	Inter Site Distance (ISD)
	500 m 

	UE distribution
	Randomly and uniformly distributed over area. 100% of users outdoors in vehicles

	Frequency Band
	Scenario 7: 10 MHz CC@Band 1 + 10 MHz CC@Band 3 + 20 MHz CC@Band 7

	UE Tx Max Power per CC (same coverage)
	16.23dBm @ Band 1 CC + 17.84dBm @ Band 3 CC + 19.78 @ Band 7 CC

	Number of UEs per cell
	30

	Traffic model
	 Full buffer 

	Antenna configuration at BS
	2 antenna elements

	Antenna configuration at MS
	1 antenna element

	Node B antenna pattern
	3GPP TR[36.814] table A.2.1.1-2

	UE antenna gain
	0 dBi

	Uplink transmission scheme
	1x2 SIMO

	Duplex model
	FDD

	Path loss
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	Penetration loss
	20 dB

	Log normal shadowing
	Standard Deviation of 8 dB

	Channel model
	3GPP Spatial Channel Model (SCM) [TR 25.996]

	Schedule model
	PF

	Schedule Block Number per CC
	24

	Transmission power control
	Open loop & Close loop power control combined
( [TS 36.213.V8.4.0],Table 5.1.1, 

Path-loss factor
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	Link adaptation
	Non-ideal

uplink is based on the delayed SINR estimation

	Receiver type
	MMSE

	Channel estimation
	Ideal channel estimation at receiver

	Uplink HARQ Scheme
	Chase combining

	UE speed (km/h)
	3

	UE mobility
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	Overhead consumptions 
	UL overhead: 2 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 symbol SRS per 5ms radio frame

	BS noise figure
	5 dB

	Frequency Reuse Factor
	1


Annex B. ITU-R Urban Macro Simulation parameters
The parameters are based on [IMT.EVAL].
	Deployment Scenario
	ITU-R Urban Macro

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

	UE distribution
	Randomly and uniformly distributed over area. 100% of users outdoors in vehicles

	Frequency Band
	Scenario 7: 10 MHz CC@Band 1 + 10 MHz CC@Band 3 + 20 MHz CC@Band 7

	UE Tx Max Power per CC (same coverage)
	16.52dBm @ Band 1 CC + 17.86dBm @ Band 3 CC + 19.71 @ Band 7 CC

	Inter Site Distance (ISD)
	500m 

	Service Model
	Full buffer

	UE number per sector
	20

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

	BS antenna gain
	17 dBi

	Antenna configuration at UE
	single antenna element

	UE antenna gain
	0 dBi

	Uplink transmission scheme
	1x4 SIMO

	Duplex model
	FDD

	Path loss
	ITU-R Urban Macro path loss model [4]

	Penetration loss
	20 dB

	Log normal shadowing
	Standard Deviation of 8 dB

	Schedule model
	PF

	Schedule Block number per CC
	24

	Power Control model
	Open loop & Close loop power control combined

([TS 36.213.V8.4.0],Table 5.1.1, 
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	Link adaptation
	Non-ideal

uplink is based on the delayed SINR estimation

	Receiver type
	MMSE

	Channel estimation
	Ideal channel estimation at receiver

	Uplink HARQ Scheme
	Chase combining

	UE speed (km/h)
	30

	UE mobility
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	Overhead consumptions 
	UL overhead: 2 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 symbol SRS per 5ms radio frame

	BS noise figure
	5dB

	Frequency Reuse Factor
	1
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