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1 Introduction
During RAN4 #42, the link level results for deriving the EVM requirements for 64QAM in DL was presented. In this paper the system simulation results are presented to ensure that the proposed value would not degrade the throughput by the 5%. This paper also outlines the correlation between EVM and relative CDE which was proposed as a signal quality measure for 64QAM. 
2 Discussion

In [1], the link level simulation results including the impairments was presented which indicated the requirement levels for the worst case scenario. The proposed EVM value of 9% indicated a throughput loss of 8% which raised some concerns. 
In this paper, the system simulation results based on the simulation assumptions used by RAN1 considering the TX EVM for various RX impairments are presented. 
System simulations were performed assuming 100% and 20% load according to the assumptions in Annex A. For 100% load case, the average RBS power in the surrounding cells is 43 dBm while for 20% load scenario the average RBS power in the surrounding cells is 36 dBm.

 The figures below show the throughput performance in the presence of TX EVM and typical RX EVM of 9%. Statistics for both “full buffer” and “file down load scenarios” is also presented in table form. 
The curves also indicate that 9% of TX EVM would result in average throughput loss less than 5%, thus system simulations confirm that 9% TX EVM is appropriate for HSPA 64-QAM.

Additional results for other RX impairments are presented in Annex B.
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Figure 1
: Throughput for 100% load
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Figure 2
 Throughput for 20% load
During RAN4 #42, relative Code Domain Error (CDE) as a measure for 64QAM signal quality was presented [2]. There is a mathematical formula for conversion between EVM (Multi-user EVM) and relative CDE assuming EVM modeled as white noise as following:
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Where ACDE is the average CDE.

Thus conversion between EVM and relative CDE is an easy computation but it takes longer to measure in the instruments. The legacy definition of EVM ensures that the desired bit rates can be reached and is easy to measure. Thus, we can not see any obvious benefits using Relative CDE compared to EVM and are concerned about the delay a new definition would cause in finalizing 64-QAM, therefore we propose to keep the EVM as a measure for signal quality even for 64-QAM.

The averaging interval for EVM is agreed to be set to 10 ms for LTE and since all simulation results are based on long time averaging, we propose to adopt the 10 ms averaging interval even for HSPA to ensure that the requirements are adapted to the methodology that has been used deriving the levels.

3 Conclusion

In this paper, we show system simulation results including the RX and TX impairments and concluded that 9% TX EVM assuming typical RX EVM would be appropriate for 64 QAM. We also propose to keep the legacy definition of EVM for 64QAM since we can not see any obvious benefits introducing relative CDE.
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Annex A: Simulation assumptions

System-level simulation parameters 

	Parameter
	Assumption

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

	Inter-site distance
	500 

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  

	Shadowing correlation
	0.5 between cells, 1.0 between sectors

	Penetration Loss  
	20 dB

	Antenna pattern
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	Carrier Frequency / Bandwidth
	2 GHz

	Channel model
	Ped-A

	UE speeds 
	3 km/h

	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
	[image: image12.wmf]å

Î

=

U

u

u

b

U

Throughput

1




	Total BS TX power (Ptotal)
	43 dBm

	BS TX EVM
	0%, 8%, 9% and 10% modelled as AWGN

	UE noise figure
	9 dB

	UE antenna gain
	0 dB

	Minimum distance between UE and Node B
	>= 35 meters

	UE Receiver type
	GRAKE 2

	UE receive EVM
	0%, 7% and  9% modelled as AWGN

	UE capability
	15 codes and 64QAM enabled

	Pilot channel power overhead
	10%

	Common channel power overhead
	20%

	DL EUL control channel power overhead
	4%

	HS-SCCH
	Explicitly modelled, power range: [18 dBm  33 dBm], CIR target: -17 dB 

	DL A-DPCH
	Explicitly modelled, power range: [0 dBm 33 dBm]

	Traffic model
	Full Buffer (100% and 20% load)

	Modulation
	QPSK, 16-QAM and 64-QAM, Max MCS 8/9

	Scheduler
	Round Robin

	Code multiplexing
	No

	C/I estimation
	Perfect

	CQI back-off
	3 dB

	CQI bias
	No

	CQI reporting interval
	One TTI (2 ms)

	CQI reporting delay
	0 ms


Annex B: Additional simulation results
100% Load scenario:
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20% Load scenario:
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Annex C: Full buffer and File download definition
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where |U| is the number of users
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where U is the set of all users and bu is the bitrate of user b





In the ”File download scenario” a weighted mean has been used. This mean is related to a scenario where all users try to download files of the same size, and when a user has received all bits the user leaves the system.








The ”Full buffer scenario” are based on the arithmetic mean bitrate. This mean is related to a scenario where all users have full buffers and all users are scheduled equally often.
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