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1 Introduction
In RAN plenary #66 a work item on UE core requirements for uplink 64 QAM was approved [1]. The objective of the work item is The objectives of the work item are the following:

· Specify UE RF requirements for uplink 64QAM for single carrier with and without UL MIMO and for carrier aggregation without UL MIMO e.g.

· MPR requirements for uplink 64QAM.

· A-MPR requirements for uplink 64QAM, if needed.

· For single carrier A-MPR, evaluate whether the existing single carrier A-MPR requirements can be re-used for 64QAM.

· For intra-band contiguous CA, RAN4 should focus the work on existing CA band combinations. As long as one CA combination is completed, the WI can be closed and work on the remaining CA combination can continue.
· EVM requirement for uplink 64QAM.
In this contribution we discuss EVM requirements of UL 64QAM.
2 Discussion
In order to find out the EVM requirement we performed system simulation and scan through different EVM values to find the EVM value that gives 5% throughput loss for the 5-percentile users (cell center users). The simulation assumptions are listed in Table 1.
Transmitter side EVM is modelled as Gaussian random variable with standard deviation of  EVM: 


[image: image1.wmf]n

x

+

+

+

=

I

e

P

h

y

p

)

(


; 

[image: image2.wmf])

,

0

(

~

2

EVM

N

e


Figure 1 shows the UL throughput reduction as a function of the UE TX EVM. The figure shows both the average throughput and the peak throughput. As it can be observed from this figure, to guarantee a throughput loss of less than 5%, considering some implementation margin the EVM has to be below 10%. It is therefore proposed that the EVM requirement to be 8%. 
· Proposal: EVM requirement for UL 64QAM should be 8%

	Parameters
	Values(for Macro cell)

	Bandwidth
	10 MHz

	Carrier frequency
	2GHz

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

	ISD
	500 m

	Total BS TX Power
	46 dBm

	Distance-dependent path loss
	Yes

	Shadowing standard deviation
	ITU UMa

	Shadowing correlation
	0 between macro-cell sites, 1 between macro-cells

	Penetration loss
	0dB

	Antenna pattern
	Horizontal
	[image: image3.png]



[image: image4.png]


degrees, [image: image5.png]




	BS antenna Height
	25m

	UE antenna Height
	1.5m

	Antenna gain
	17dBi

	Antenna gain of UE
	0dBi

	Feeder loss
	0dB

	Number of UEs
	10 per cell

	UE dropping
	UEs are randomly and uniformly distributed in the macro geographical area, 100% UEs are outdoor

	Minimum distance between UE and Cell
	>= 35 meters

	Traffic model
	Full buffer transmission on PUSCH

	eNB noise figure
	5dB

	Thermal noise
	-174dBm/Hz

	Network synchronization
	Synchronized

	Backhaul Modelling
	Assume that there is no exchange of the information for the assistance for BS MMSE-IRC receiver between cells located in different sites.

	Uplink transmission schemes
	Single port uplink transmission on PUSCH; No MU-MIMO is used.

	Uplink scheduling
	· PF scheduling and provide the N interferences DIPs per PRB;


	UL power control
	Open loop power control, K_s = 0, P0 = [-82] dBm and alpha = [0.8] for macro UE

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Inter-cell coordination techniques
	No CoMP and (f)(e)ICIC

	Cell selection criteria
	RSRP based

	EVM modelling
	AWGN  with range 2-10 %,  Rx EVM is 0%

	
	
	


Table 1 System simulation assumptions
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Figure 1 Throughput reduction as a function of EVM
3 Conclusion
In this contribution we discussed EVM requirement for UL 64QAM. Based on the system throughput analysis, the following was proposed
· Proposal: EVM requirement for UL 64QAM should be 8%
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