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1. Introduction

Contributions [2] highlighted the need for further studies regarding actual C/I and MCS distributions from realistic deployment scenarios in order to facilitate deriving EVM requirements close to the required minimum for good system performance and yet maximising the potential for PAPR reduction. 
We consider the methodology proposed in [4] which is based on a single S/N point at the steep “waterfall” flank of the highest Tput MCS link level curve as inappropriate. Averaging across a range of S/N values occurring in the system for each modulation method is essential in order to obtain stable and not overly conservative EVM requirements.
In the last RAN4 meeting contribution [3] proposed a system simulation methodology and tentative simulation parameters. 

This contribution provides system simulation results for the impact due to BS EVM in macro-cell environments following [3] and compares the results to the analytical calculations obtained in [2].

2. Discussion

Contribution [2], section 4, provided an analytical derivation of the required BS EVM as a function of the MCS operating S/N and for the assumption of 5% Tput loss. This derivation was based on the MCS Tput envelope copied here to Annex B and an AWGN impairment model. The resulting expression for the required EVM as function of the un-impaired receiver S/N is as follows ([2]):
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Fig 1. Required EVM for 5% Tput loss (from [2])
The required EVM according to this expression is shown in Fig 1. As can been seen ~6.3 % EVM would be required for the highest Tput MCS (64QAM 8/9, operating S/N ~17.7 dB from the MCS curves in [2]). However, when assuming a single EVM requirement for all 64QAM modulated MCSs this would be too stringent as 64QAM may be chosen from a S/N range from 12 … 17.7 dB according to our MCS set (Annex B). This would indicate a required EVM in the range of 10 … 6.3 %. Looking at the midpoint S/N of ~15 dB for 64QAM MCS selection we obtain a 7.9 % EVM requirement.
Similarly, we obtain for
· 16QAM: S/N range from 6 … 12 dB, midpoint S/N of ~9 dB ==> EVM requirement 12.9 %

· QPSK: S/N range from -8 … 6dB, midpoint S/N of ~ -1 dB ==> EVM requirement 29.6 % and 16.3 % for highest MCS @ 6 dB C/I.
However, the above derivation from [2] assumed a smooth interpolating MCS envelope (Annex B). In reality, the MCS envelope has (in AWGN) a “waterfall” shape and may exhibit either a larger impact from EVM in regions with steep slopes or a smaller impact in regions with flat response. In an actual system scenario the S/N distribution will average these unequal Tput losses across the “waterfall” MCS envelope. Quasi-static system simulations were conducted to verify that the resulting average Tput loss for 64QAM is in line with the above simplified derivation in [2]. 

The used simulation assumptions are provided in Annex A.

3. Simulation results
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Fig 2. Impact of EVM on the C/I CDF
Fig.2 shows the impact of TX EVM on the C/I CDF. Looking at the 95% - CDF point (i.e. the most favourable users) we see that e.g. 7 % EVM causes a C/I degradation of < 0.7 dB. The 95% - CDF point corresponds to a C/I of ~14 dB.
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Fig 3. Impact of EVM on the user Tput CDF
Fig.3 shows the impact of TX EVM on the user Tput CDF. Looking at the 95% - CDF point (the most favourable users) we see that e.g. 7 % EVM causes a Tput loss degradation of ~4.5 %. 
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Fig 4. Impact of EVM as function of user location (G-factor)
Fig.4 shows the impact of TX EVM on the user Tput as function of the location expressed as G-factor. While the Tput loss at the most favourable locations (G = 16 dB) for 7% EVM is ~6.5 %, one has to remember that 64QAM can be selected also for lower G-factors for which the impact is reduced, hence some averaging should be considered. 
Assuming a G-factor range for 64QAM MCS selection of 12 … 16 dB, we obtain Tput losses in the range of 2.5 … 6.5 % with an average of 4.5 %.
Furthermore from Fig.2 we saw that the 95% - CDF point for the C/I was ~14 dB, at this location the Tput loss is < 4.5 %. 
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Fig 5. Impact of EVM on the cell Tput

Finally Fig. 5 shows the impact of EVM on the cell Tput. With 7% EVM, cell Tput loss is 2.6 %. However, here we have to remember that the 7 % EVM was applied to all MCS, including QPSK, hence the low impact. Assuming the EVM will be defined on a per-modulation scheme basis aiming at ~5 % Tput loss each, then some headroom in the cell Tput must be left for 16QAM and QPSK MCS as is the case here. 
4. Conclusions

Based on above results the following conclusions can be made:

The smooth interpolating MCS envelope used in [2] appears to correctly reflect the averaging of Tput losses across the “waterfall” MCS envelope: the analytical approach in [2] gave ~7.9 %  required EVM for an average 5 % Tput loss target across 64QAM MCSs. The simulation results indicated for 7 % EVM an average Tput loss of ~4.5 % and also 4.5 % Tput loss at the 95% CDF user Tput point. Hence it appears that both methods lead to about the same assessment of the EVM impact.
Both methods also indicated that the maximum Tput loss will be slightly above 5 % for the maximum Tput 64QAM MCS.
Based on these results we propose 7 % [-23.1 dBc] average EVM as working assumption for a general minimum performance requirement for BS modulation accuracy for 64QAM modulated RBs, subject to finalising work on the definition of the EVM. It should be noted that there are currently uncertainties regarding the averaging (mean vs peak) within the EVM definition / measurement as discussed in [5] and this needs to be still accounted for in the final EVM requirement.
For 16QAM and QPSK modulation it is proposed to retain the current requirements from UTRA, i.e. 12.5 %, respectively 17.5 %.
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Annex A, Simulation Assumptions
Selected baseline parameters from 25.814, A.2
The simulation parameters are a subset of the corresponding system simulation parameters defined in TR 25.814, A.2 for E-UTRA evaluation:
Based on TR 25.814, Table A.2.1.1-1 – UTRA and EUTRA simulation case minimum set

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

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

	1
	2.0
	500
	10
	20
	3


Based on TR 25.814, Table A.2.1.1-3 – 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 Modelling
	DL: Explicit modelling else cell power = Ptotal

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Users dropped uniformly in entire cell
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	Minimum distance between UE and cell
	>= 35 meters 


Additional simulation parameters 

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 1/3, QPSK 1/2, QPSK 2/3,

16QAM 1/2, 16QAM 2/3, 16QAM 4/5,

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

	CQI model
	Non-ideal CQI estimation in UE (per RB), same EVM model for CQI as for data

	HARQ model
	CC, asynchronous

	Frequency reuse
	1


EUTRA 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 of 5, 7, 9 % across all RBs and MCS
· EVM is modelled as AWGN


EUTRA UE parameters

	Parameters
	Model Assumptions

	Receiver Type
	1x2 MRC

	Receiver model
	· Ideal channel estimation
· RF, BB imperfections not included

	Antenna gain
	0 dBi

	Noise Figure
	9 dB


Annex B, Definition of the envelope MCS Tput curve
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Fig. B.1. Used MCS Tput curves and approximating MCS envelope (from [2])

Definition of the approximating envelope MCS Tput curve:

C = 0.65 * log2(1+SNR); 
C = 0 for SNR < -8 dB; 

C = 3.8378 for SNR > 17.7 dB
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