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Discussion and decision
1 
Introduction
In [1], there is a request from RAN1 to RAN4 for guidance on information (eNB TX EVM, UE RX impairments, etc.) that would help RAN1 in its evaluation of higher order modulation for DL operation in small cells. In RAN4 #66bis the first response to the RAN1 questions was sent in [6]. However, in this first LS response RAN4 indicated to RAN1 that a number of areas still require further discussions in RAN4. 
In this contribution we continue our studies on the impact of various transmitter and receiver impairments on the 256QAM vs. 64QAM-based MCS downlink performance, which was started in [7]. We especially focus on studies on the impact of UE receiver impairments on the 256QAM DL performance, which was identified by [6] as one area, which requires further RAN4 discussions in order to determine the magnitude of the impairments.
2 
Simulation Assumptions
The simulations assumptions used throughout the contribution are given in Table 1.
Table 1. Simulation assumptions.
	Parameters
	Values

	# of Cells
	1, AWGN interference

	Carrier Frequency
	3.5 GHz

	System BW
	10MHz

	Transmission Mode
	TM9

	MCS
	MCS26 (64QAM), 5/6 256QAM

	PDSCH
	50 PRBs (fully loaded), Subframes #0 and #5 are not scheduled

	PHY Channels scheduled
	PSS, SSS, PBCH, PCFICH (CFI=2), PHICH, PDCCH

	CRS
	2 ports

	Rank Adaptation
	No (fixed Rank-2)

	MCS Adaptation
	No (fixed MCS)

	Channel/Doppler
	EPA 5Hz (Low antennas correlation)

	CSI feedback delay
	8 ms

	Channel Estimation
	Practical Channel Estimator (always ON)

	eNB TX EVM
	0%-6%

	UE Receiver impairments
	Phase Noise (In-band power =-85dB)
Rx IQ imbalance (different levels), IMRR = -25dB, -28dB, -31dB and -34dB.
AGC, 10-bit ADC, Timing/Frequency Estimation/Compensation



3 
eNB Impairments: TX EVM Impact
In this section, the only overall impairment present is the TX EVM [2] in the values of {0, 2, 4, 6}%, meaning that no UE receiver impairments are modelled. The Rank-2 (2CW) performance comparison between rate 5/6 256QAM and MCS#26 (64-QAM) is presented in Figure 1. The throughput is given over scheduled subframes.
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Figure 1. MCS26 vs. 5/6 256QAM for TX EVM 0% - 6%, and without UE receiver impairments.
It is observed from the results in Figure 1, that the TX EVM has a strong impact on the 256QAM performance, due to the high SNR deployment, and therefore will need to be included in the related investigations. 
Observation 1: Realistic eNB TX EVM modelling assumptions are essential when studying the feasibility of introducing 256QAM MCS in Rel. 12.
3 
UE Receiver impairments

In this section we investigate the effect of potential UE receiver impairments listed in the Simulations assumptions of Table 1, including IQ imbalance with IMRR of -25dB [3], [5, Sec. 7.10], phase noise [4], AGC and limited ADC bit-length, as well as practical time-frequency tracking/compensation. With all these UE receiver impairments present, the performance of 256QAM is very much deteriorated as shown in Figure 2, compared to the case without receiver impairments in Figure 1.
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Figure 2. MCS26 vs. 5/6 256QAM with all UE receiver impairments modelled according to Table 1
Looking at the results with the modelled receiver impairments, even for the ideal transmitter the 256QAM is not outperforming the available LTE Rel. 8 64QAM MCS. When investigating the effect of the different impairments, we turned them individually on & off to see which impairment mostly limits the performance. It could be seen, that the receiver’s IQ imbalance has the strongest effect on the performance as shown in Figure 3, where receiver IQ imbalance is ideally compensated. 
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Figure 3. MCS26 vs. 5/6 256QAM with various UE receiver impairments, and ideally compensated receiver IQ imbalance 

When comparing Figures 2 and 3, the dominance of the receiver IQ imbalance, of all the modelled UE receiver impairments, on the performance is obvious due to the fact that it directly limits the achievable SNR at the receiver. Part of the IQ imbalance might be compensated in the UE receiver by deploying some IQ imbalance estimator/compensator which might become the essential issue for the 256 QAM feasibility overall. From modelling point of view, one option is to model the full IQ imbalance of the UE receiver along with some IQ imbalance compensator. Alternatively, a simpler approach for RAN1 could be for RAN4 to agree on a remaining IQ imbalance after some UE compensation and model this directly (i.e. smaller equivalent IMRR value after IQ compensation).
Observation 2: UE receiver IQ imbalance strongly affects the 256QAM demodulation performance and therefore IQ imbalance modelling is essential when investigating the feasibility of introducing 256QAM in DL in Rel. 12.

Looking at the effect of the other UE receiver impairments (AGC, ADC, t-f-tracking, phase noise) when comparing Figure 1 and Figure 3, it is seen that these also have an impact when defining the breaking point when 256QAM modulation might be useful. Therefore, we think that also these impairments might be useful in the related modelling.

Observation 3: Other UE receiver impairments as AGC, ADC bit-length, t-f-tracking and UE receiver phase noise have also an effect on the 256QAM demodulation performance, and therefore they should be properly modelled when investigating the feasibility of introducing 256QAM in DL in Rel. 12.
Next in Figure 4 we investigate the impact of different levels of IQ UE receiver imbalance IMRR on the 5/6 256QAM DL throughput performance. In these simulations a set of more stringent UE requirement assumptions have been simulated, i.e. IMRR of -25 dB through -34 dB. In the same figure we also have the performance when we have all UE impairments except IQ imbalance, and no UE impairments at all. Even these throughput results with more stringent UE requirement assumptions (in the IQ imbalance) for UE receiver impairments show that the impact of UE Rx impairments is significant and should be taken into account in the studies. 
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Figure 4. Throughput figures for 5/6 256QAM with more stringent UE requirement assumptions for UE receiver impairments (in the IQ imbalance) 

Observation 4: Even with more stringent UE requirement assumptions on IQ imbalance studied in this contribution the impact of UE receiver impairments on the 256QAM demodulation performance is significant. Thus, we see that it important to inform RAN1 on these UE receiver impairments impact on the DL 256QAM throughput performance.
5 
Conclusions

In this contribution we continued our studies on the impact of various transmitter and receiver impairments on the 256QAM vs. 64QAM-based MCS downlink performance, which was started in [7]. We especially focused on investigating how 256QAM DL throughput performance was impacted if more stringent UE Rx IQ imbalance requirements were assumed. Based on the presented link level performance results the following observations were made:

· Observation 1: Realistic eNB TX EVM modelling assumptions are essential when studying the feasibility of introducing 256QAM MCS in Rel. 12.
· Observation 2: UE receiver IQ imbalance strongly affects the 256QAM demodulation performance and therefore IQ imbalance modelling is essential when investigating the feasibility of introducing 256QAM in DL in Rel. 12.

· Observation 3: Other UE receiver impairments as AGC, ADC bit-length, t-f-tracking and UE receiver phase noise have also an effect on the 256QAM demodulation performance, and therefore they should be properly modelled when investigating the feasibility of introducing 256QAM in DL in Rel. 12.
· Observation 4: Even with more stringent UE requirement assumptions studied in this contribution the impact of UE receiver impairments on the 256QAM demodulation performance is significant. Thus, we see that it important to inform RAN1 on these UE receiver impairments impact on the DL 256QAM throughput performance.
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