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1. Introduction
In this contribution, we continue to analyze LTE-A UE maximum output power requirement in ITU Rural & Urban Macro scenario [1] and 3GPP case 1 and 3 scenarios [2] from the system performance aspect with taking into account Carrier Aggregation (CA) deployment. Then we give our opinions on LTE-A UE Power Class and some related open issues. 
2. Discussion
2.1. Requirements
To evaluate LTE-A UE maximum output power, the following requirements should be considered:
· LTE-A could be considered as an enhancement to LTE and therefore LTE-A UE would need to ensure compatibility with LTE requirements. In other words, a LTE-A UE would have to meet LTE Rel.8 UE maximum output power requirements, i.e. 23 dBm, +2/-2 dB at least.
· In the requirement report for Advanced E-UTRA [3] related to deployment scenarios it was indicated that both ITU-R environments (Base Coverage Urban, Microcellular, Indoor, Rural/High Speed) which are defined in [1] and 3GPP scenarios defined in [2] should be considered. Thus, it would ensure consistency with developing submissions to ITU-R for IMT-Advanced. 

· In the requirement for Advanced E-UTRA related to system performance requirements, LTE-A UE maximum output power should meet cell coverage, spectrum efficiency, cell edge user throughput, etc. under corresponding deployment scenarios. 
Table 1 Spectrum efficiency requirements for LTE-A UL under different Scenarios

	Deployment Scenario
	Urban Macro
	Urban Micro
	Indoor
	Rural Macro

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

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


· Among new technologies that will implement in LTE-A, Carrier Aggregation (CA) would have a great impact on LTE-A UE maximum output power. As it was noted that a LTE-A UE can transmit or receive signals on multi-carriers simultaneously, LTE-A UE maximum output power should meet system performance requirements while transmitting on multi-carriers simultaneously.
In conclusion, the above requirements should be taken into account while defining LTE-A UE maximum output power.
2.2. System Simulation Result
ITU-R Urban Macro & Rural Macro in [1] is chosen for evaluation, because these scenarios have stricter requirement for LTE-A UE maximum output power. Besides, 3GPP case 1 & case 3 in [2] are also simulated, serving as a reference. 

CA will be used in the simulation and the aggregated frequency bands chosen for simulations are according to corresponding scenario cases and CA deployment scenarios defined in [4]. In this scenario, two component carriers are assumed and UE can transmit signals on both component carriers simultaneously. Other simulation assumptions and parameters are summarized in Annex A&B. 
Table 2 presents system throughput performance 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, shown in Table 3.
Table 2 Single Carrier simulation results in different scenarios
	Scenario
	UE Power Class
(dBm)
	Uplink Frequency Band
	Average Spectrum Efficiency

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

	ITU-R Urban Macro
	23
	2.0GHz

(10MHz)
	1.456
	0.073
	10.17
	16.69

	ITU-R Rural Macro
	23
	0.8GHz
(10MHz)
	1.786
	0.101
	4.54
	10.69

	3GPP case 1
	23
	2.0GHz
(10MHz)
	0.864
	0.025
	16.51
	22.40

	3GPP case 3
	23
	2.0GHz
(10MHz)
	0.574
	0.002
	22.39
	23.0


Table 3 Multi-Carrier simulation results in different scenarios
	Scenario
	UE Power Class

(dBm)
	Uplink Frequency Band
	Average Spectrum Efficiency

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

	ITU-R Urban Macro
	23
	2.0GHz
(10MHz*2)
	1.46
	0.075
	12.64
	19.69

	ITU-R Rural Macro
	23
	0.8GHz

(10MHz*2)
	1.78
	0.17
	7.61
	14.39

	3GPP case 1
	23
	2.0GHz

(10MHz*2)
	0.874
	0.021
	18.20
	23.0

	3GPP case 3
	23
	2.0GHz

(10MHz*2)
	0.497
	0.001
	22.64
	23.0


Figure 1 UE CDF output power for Single-Carrier Scenario
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Figure 2 UE CDF output power for Multi-Carrier Scenario
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The simulation results are shown in Table 2/3 and Figure 1/2 which indicate that:
1. For ITU-R Urban Macro/Rural Macro scenarios, cell average & edge spectrum efficiency have met corresponding requirements shown in Table 1 for both Single-Carrier and Multi-Carrier cases. Therefore, it is proposed that LTE-A UE power class of 23dBm (+/-2dB) should be adequate for ITU-R scenarios.
2. For 3GPP case 1 scenario, cell average & edge spectrum efficiency in CA scenario keep the same approximately with those in single carrier scenario. Therefore, UE power class of 23dBm (+/-2dB) would be OK for case 1 scenario as well. 
However, for 3GPP case 3 scenario, comparing with single carrier scenario, cell average & edge spectrum efficiency degrade in CA scenario due to short of UE power. In that scenario, LTE-A UE can make use of multiple PAs to boost the power in one component carrier. Considering that CA is usually used for higher capacity, which is not the most important task for the UEs in large-radius cell, there should be no strong motivation to use CA for the power-limited UEs. Therefore, there is not need to support higher maximum output power.
3. Conclusion
Based on above analysis, we propose our opinions on some aspects of LTE-A UE Power Class with the same premise as LTE: without other stated, the transmitter characteristics are specified at the antenna connector of the UE with a single transmit antenna. For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed:
-  LTE-A UE Power Class of 23dBm (+/-2dB) is recommended for ITU-R submission;
-  In multi-carrier scenario, LTE-A UE maximum output power should be defined for all the CCs, maintaining the same with 23 dBm (+2/-2 dB). 

-  In case of multiple transmit antennas, UE maximum output power needs FFS, and its requirements should apply to each antenna connector separately, with the other one(s) terminated.
4. Text Proposal
In this sector, we propose text for conclusion in TR 36.8XX for LTE-A UE Power Class.

5.3.2.2.1
Power Class
The following UE Power Classes define the maximum output power. 
In the study item report TR 25.912 for LTE related to UE maximum output power it was indicated; It should be possible to reuse the rel-6 PA in order to allow for a single PA implementation for multi-mode (E-UTRA, UTRA) and multi-band terminals and that the E-UTRA UE power class should be a subset of the current UTRA Rel-6 power classes. 
However it is not clear if the same requirements would be applicable in the case of dual Tx antenna (separate or dual PA) or CPE / Relay products. A new power class (Class 4) for this case would need further study. 
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 & 3 Simulation parameters

The parameters are based on TR25.814 [3].

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

	Inter Site Distance (ISD)
	500 m (case 1); 1732 m (case 3)

	Number of UEs per cell
	10

	Minimum distance between UE and cell site
	35 m

	Traffic model
	 Full buffer traffic model

	Antenna configuration at BS
	2 antenna elements

	Antenna configuration at MS
	single antenna element

	Node B antenna pattern (gain)
	70-degree sectored beam (14 dB)

	UE antenna gain
	0 dBi

	Duplex model
	FDD

	Path loss
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	Penetration loss
	20 dB

	Log normal shadowing
	Standard Deviation of 8 dB

	Correlation distance of shadowing
	50 m

	Channel model
	SCM

	Node B noise figure
	5 dB

	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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	Scheduling algorithm
	PF

	UE number per sector
	10

	Frequency Reuse Factor
	1


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

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

	Inter Site Distance (ISD)
	500m (Urban Macro); 1732 m (Rural Macro)

	Service Model
	Full buffer

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

	Antenna configuration at MS
	single antenna element

	Duplex model
	FDD

	Schedule model
	PF

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

Path-loss factor
[image: image6.wmf]a

:0.8, 
[image: image7.wmf]_

OPUSCH

P

:-83dBm )

	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
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