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1 Introduction

At RAN4 #68, an LS reply to RAN1 on scope of feasible requirement of 256 QAM support was provided [1]. RAN4 has the following observations:

· For Tx EVM,

· Transmitter EVM for 256QAM can be modelled as an AWGN component. 

· Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. But RAN4 has not yet evaluated guaranteed minimum performance of Tx EVM.

· For Rx EVM,

· Applicable Rx impairments can be modelled by an equivalent AWGN component at the receiver.

· UE's may achieve Rx EVM in the range of 1.5~4% as typical performance depending on operating band frequency and implementation. But RAN4 has not yet evaluated guaranteed minimum performance of Rx EVM. 
This contribution provides evaluation on ranges of possible EVMs and the UE receiver impairments for 256QAM given in RAN4’s reply. In the simulation, EVM and the UE receiver impairments are both modelled as equivalent additive Gaussian white noise.
2 Link level simulation
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Figure.1. Link-level simulation results
Table 1: Spectral efficiency gains for 256 QAM, 40dB
	Tx EVM/Rx EVM
	3%/1.5%
	4%/1.5%
	3%/3%
	4%/3%
	3%/4%
	4%/4%

	SE gain (%)
	21.97
	16.09
	13.35
	10.44
	6.87
	5.39


In the link level simulation, EVM and the UE receiver impairments are modelled as equivalent additive Gaussian white noise, whose powers are characterized with Tx EVM and Rx EVM respectively. EVM equivalent noise is added at the transmitter. It experiences both frequency and time selective fading when passing the radio channel. While the UE receiver impairment noise is added at the receiver, it experiences only time selective fading. The simulation assumptions are given in Table 2 in Appendix. It is noted that 25 out of 50 RBs are scheduled for transmission.  

The results are showed in Figure 1 and Table 1. It can be seen that the Rx EVM has more impacts on the SE than the Tx EVM does. The SE gains are nearly 5.4 % for Rx EVM = 4% and Tx EVM = 4%. For Rx EVM = 1.5%, Tx EVM = 3%, the gain can reaches around 22.0 %. In general, SE gains are over 10% with feedback values of Tx EVM, if Rx EVM can be controlled <= 3%. The observable gain can be shown in all EVM value, when the SNR are over 30 dB. The lowest recommendation EVM values can achieve benefit in SNR over 27 dB.
Observation 1:  Significant gains by introducing 256 QAM are observed in the link level simulation with both EVM and the UE receiver impairments modelled, as it is targeting on high SNR.
· Up to 22.0 % throughput gain for Rx EVM = 1.5% and Tx EVM = 3% in high SNR region.
· Up to 5.4 % throughput gain for Rx EVM = 4% and Tx EVM = 4% in high SNR region.

· Up to 10% throughput gains for Rx EVM < 4% in high SNR region.
3 System level simulation
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Figure.2. System level simulation results, scenario 3
In the system level simulation, the modelling of EVM and the UE receiver impairments are in the same manner as that for the link level simulation. The simulation assumptions are given in Table 3 in Appendix. Figure.2 compares the mean UE throughput and 95% UE throughput gains by introducing 256QAM in conditions of different Tx EVMs, assuming 1.5% and 4% Rx EVMs. 
It can be seen that the mean throughput gains are over 11% for Rx EVM = 4%, Tx EVM = 4%. For Rx EVM = 1.5%, Tx EVM = 3%, the gain even reaches around 28%. Again, significant gains are achieved with values of TX/RX EVM recommended.
Observation 2: Significant gains by introducing 256 QAM are observed in the system level simulation with both EVM and the UE receiver impairments modelled. For the small cell scenario 3: 
· 28% UE throughput gain for Rx EVM = 1.5% and Tx EVM = 3%.
· 11% UE throughput gain for Rx EVM = 4% and Tx EVM = 4%.
4 Conclusions

In this contribution, evaluation on EVM and the UE receiver impairments for 256QAM, including the link-level and system-level simulations are presented. Observations and proposal are as follows:

Observation 1:  Significant gains by introducing 256 QAM are observed in the link level simulation with both EVM and the UE receiver impairments modelled, as it is targeting on high SNR.
· Up to 22.0 % throughput gain for Rx EVM = 1.5% and Tx EVM = 3% in high SNR region.
· Up to 5.4 % throughput gain for Rx EVM = 4% and Tx EVM = 4% in high SNR region.

· Up to 10% throughput gains for Rx EVM < 4% in high SNR region.
Observation 2: Significant gains by introducing 256 QAM are observed in the system level simulation with both EVM and the UE receiver impairments modelled. For the small cell scenario 3:
· 28% mean UE throughput gain for Rx EVM = 1.5% and Tx EVM = 3%.
· 11% mean throughput gain for Rx EVM = 4% and Tx EVM = 4%.
Proposal: RAN1 introduce 256QAM into small cell operation to further enhance small cell performance. Required Tx/Rx EVM need to be further selected in RAN4.
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Appendix 
Table 2: Link-level simulation assumptions
	Bandwidth
	10MHz

	Carrier frequency 
	3.5G

	Channel model 
	EPA

	UE speed
	3km/h

	MIMO configuration
	2x2 with low correlation

	CRS configuration
	ports 0,1

	CSI RS
	2-ports NZP CSI-RS with 5ms period

	DMRS
	ports 7,8

	Rank adaptation
	On

	PMI
	Based on UE measurement and feedback

	Link adaptation
	On

	HARQ
	On

	UE receiver
	MMSE

	Channel estimation
	Practical

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	Overhead Assumption
	3 PDCCH symbols

	
	2-port CRS

	
	2-port DMRS

	
	2-port CSI-RS with 5ms period

	Metric
	Spectral efficiency (bps/Hz)

	Tx EVM
	3%, 4%

	Rx EVM
	1.5%, 3%,4%


Table 3: System-level simulation assumptions
	Deployment scenarios
	Indoor Hotspot

	Carrier configuration
	1 carrier @ 3.5GHz

	System bandwidth
	10 MHz

	Simulation case
	ITU-InH 

2 indoor small cells 

	Number of UEs 
	10 UE 

	Outdoor/Indoor UE ratio
	100% Indoor

	DL transmission scheme and coordination scheme 
	SU-MIMO with rank adaptation

	UE speed
	3km/h

	Tx power (Ptotal)
	Small cell:24dBm

	Traffic model
	FTP 1

	Number of TX and RX antennas
	2x2

	Antenna configuration
	XPOL

	Antenna gain + connector loss
	5dBi

	UE receiver
	MMSE

	Network synchronization
	Synchronized

	Scheduler
	Proportional Fair

	Feedback scheme
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook

	Tx EVM
	3%, 4%

	Rx EVM
	1.5%, 4%


Other system-level simulation assumptions not listed in Table 3 is following TR36.872, Scenario #3 (sparse).

