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1. E-UTRA peak data rate and cell throughput 

In reference [1], one of the key performance requirements that should be addressed by the next generation mobile wireless network is a peak downlink data rate of 100 Mbps and peak uplink data rate of 30-50 Mbps for 20 MHz bandwidth. 
E-UTRA TDD with 20 MHz bandwidth (DL/UL=2/2, DwPTS/GP/UpPTS=10:2:2) is only able to deliver around 80.2 Mbps downlink peak rate (2x2 MIMO) and 30.5 Mbps uplink peak rate [2]. Clearly, the downlink peak rate performance is short already.
The cell throughput is basically an average throughput achieved under multi-cell interference environment with random mobile distributions. For typical urban deployment using E-UTRA, significant downlink multi-cell interference results in a significant reduction in the cell throughput under a frequency reuse one deployment scenario. Therefore, interference mitigation techniques such as beam forming are being considered under RAN1 discussions. 

A downlink peak rate reduction due to DL EVM degradation will result in additional corresponding reduction in the cell throughput as well, if not greater. 
2. DL EVM analysis and simulations
2.1. Past DL EVM analysis and simulation results [3]-[8]
Much detailed DL EVM analysis and simulation work for E-UTRA has been done in the past year or two under 3gPP [3]-[8], trying to come up with an appropriate EVM specification for LTE base station transmitters. In general, two methods were used in deriving the DL EVM specification requirements [3]: Method #1 “equal EVM with 5% cell Tput loss” was used in [5] and [6], and method #2 “unequal EVM with 5% Tput loss across MCS” was used in [7] and [8]. Simulation assumptions for E-UTRA DL EVM requirements were summarized in [4].
Both link level and system level simulations were used to obtain the appropriate DL EVM levels. The system level simulations usually have specific system features embedded within the simulation so makes it a little hard to compare results from different companies. 
In this contribution, the link level simulation plus a downlink geometry distribution were used in our simulations. Key steps of our simulation include:.

1).  Simulation of downlink geometry distributions with specific ISD value and other simulation assumptions listed in section 2.2.

2).  Plot the MCS envelope curves based on link level simulations.

3).  Map SNR into relative throughput according to MCS envelope curves got from step 2). 

4).  Calculate EVM degradation on SNR and then map the degraded SNR into cell throughput.

5).  Then we can get the EVM vs. Tput loss across each MCS or for the whole system. 
2.2
Simulation assumptions
Our simulation parameters are a subset of the corresponding system simulation parameters defined in TR 25.814, A.2 for E-UTRA evaluation:

Table 1 E-UTRA simulation case

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3


Table 2 Based on TR 25.814, Macro-cell system simulation baseline parameters
	Parameter
	Assumption

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

	Inter-site distance
	See Table A.2.1.1-1

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	See Table A2.1.1-1

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	2 GHz, See Table A.2.1.1-1

	Channel model
	Typical Urban (TU)

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	46dBm - 10MHz carrier

	Inter-cell Interference Modeling
	DL: Explicit modeling else cell power = Ptotal

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters 


Additional simulation parameters 
Table 3 EUTRA system parameters

	Parameters
	Model Assumptions

	Time-/frequency radio resource
	1 ms TTI, 50 localised RBs à 12 subcarriers

	Traffic model
	finite buffer

	Scheduler
	RR

	System loading
	100 %

	#UEs/sector
	10

	Multiplexing #UE ↔TTI
	10 UEs/TTI

	MCS 
	QPSK 1/2, QPSK 2/3, QPSK 3/4, 
16QAM 1/2, 16QAM 2/3, 16QAM 3/4,

64QAM 1/2, 64QAM 2/3, 64QAM 3/4, 64QAM 4/5, 64QAM 8/9
Selection based on CQI feedback

	HARQ model
	CC, asynchronous


	Frequency reuse
	1


Table 4 E-UTRA Node-B parameters

	Parameters
	Model Assumptions

	Node-B Transmitter
	1 TX Antenna

(2-TX MIMO FFS)

	BS antenna gain plus cable loss
	14 dBi for macro cell case

	Pilot and Control channel overhead 
	29 % (2/7 symbols)

	Power per active RB 
	46 – 10log(50) = 29 dBm

	EVM model
	· same EVM across all RBs and MCS

· EVM is modeled as AWGN


Table 5 E-UTRA UE parameters
	Parameters
	Model Assumptions

	Receiver Type
	1x2 MRC

	Receiver model
	Ideal channel estimation

	Antenna gain
	0 dBi

	Noise Figure
	9 dB


2.3
Simulation results
Simulation results obtained through the link level simulations can be mapped onto the normalized system throughput as illustrated in Figure 1.
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Figure 1 Link level simulation results - throughput curves
Based on the above simulation assumptions, we can get the E-UTRA downlink geometry distribution as follows.
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Figure 2 E-UTRA downlink Geometry distributions
Tx EVM could cause SNR degradation in E-UTRA UE receivers which will result in the Tput loss across MCS. The Tput loss results across 64QAM and 16QAM modulation schemes are illustrated in Figure 3 and Figure 4. Cell Tput loss results are illustrated in Figure 5.
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Figure 3 Throughput Loss vs. Tx EVM – 64QAM
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Figure 4 Throughput Loss vs. Tx EVM – 16QAM
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Figure 5 Cell Throughput Loss vs. Tx EVM
3. Impact of DL EVM on cell throughput and system capacity

It is noted from Fig. 5 that under an 8.5% DL EVM value, the E-UTRA base station will lose about 5.5% of the cell throughput, while for a 5% DL EVM value, the cell throughput loss will be about 1.7%, and a 3% DL EVM will only contribute to about 0.5% cell throughput loss.
It is expected that most of the DL EVM margins will be used in the transmitter power amplifier CFR (crest factor reduction) to reduce the power amplifier PAR for cost reasons. Therefore, it is expected that the network DL EVM performance is by design per the specifications, rather than for the manufacturing margin in most cases. 

If DL EVM spec is lowered to 5~7% range from the current proposal of 8.5%, we can reduce the EVM-caused cell throughput loss by a factor of 2, while the PAR increase should still be within a few tenth of a dB that is still manageable from power amplifier side (either through a wider output power range margin from operators, or a few tenth of a dB reduction in power output).
4. Additional EVM impact on base stations with beam forming
Although an 8.5% EVM contributes to about 5.5% total cell throughput loss for all available modulation classes combined, it should be noted from Fig. 3 that the cell throughput loss from 64QAM modulation class alone is much more severe. An 8.5% EVM will contribute to about 16% cell throughput loss from 64QAM, 3% cell throughput loss from 16QAM, and negligible loss from QPSK and below. For base stations using smart antenna beam forming, downlink 64QAM modulation usage will be significantly increased due to a much improved SINR thanks to beam forming algorithms in those networks. Therefore, a much greater Tput % loss is expected under those beam forming scenarios. A quantitative detail analysis of the EVM spec under those beam forming conditions is proposed and under investigation.
5. Conclusions and suggestions

From the operator point of view, the E-UTRA downlink peak data rate is short of the requirements already even under ideal situations (0% EVM) for both 20 MHz TDD and 10 MHz FDD networks. Under the deployment with smart antenna beam forming, much larger cell throughput loss is anticipated due to the increasing usage of the 64QAM high modulation classes under beam forming.
Considering the balance of acceptable cell throughput loss and technical implementation issues as well as the currently available EVM performance from other base station implementations, it is suggested that:

We take a middle ground of 8% EVM value for E-UTRA DL EVM specification for 64QAM. 
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