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1. Introduction

At the RAN4 #77 meeting, RAN4 had discussed to tighten the BS Tx EVM requirements and necessary of the UE capability signalling for 4 layer MIMO with 256QAM, but there was no conclusion [1][2]. In this contribution, we provide initial evaluation results and our views on those issues.
2. Evaluation results
2.1. Simulation assumption
In order to investigate the impact of the BS Tx EVM on the UE demodulation performance, we evaluated the UE demodulation performance assuming several BS Tx EVM values, i.e. 2%, 3% and 6%. In this evaluation, we assumed 2, 3 and 4 layer MIMO with 64QAM and 256QAM. For the UE side, MMSE-MRC receiver and practical channel/noise estimation are assumed. Also, IQ imbalance (Rx EVM) at the UE side is explicitly modelled according to [3] for the realistic evaluation. Other simulation assumption is summarized in Table 1.
Table 1. Simulation assumption

	Parameter
	Value

	System bandwidth 
	10 MHz 

	Transmission mode on serving cell 
	TM9  

	Duplex mode 
	FDD

	MIMO configuration 
	4 x 4, low correlation 

	Channel model
	EVA5

	Transmission layer
	2, 3, 4 

	Modulation order
	Only 64QAM, only 256QAM

	CFI
	1

	Transmission precoding
	Follow PMI

	Scheduled subframes
	{1,2,3,4,6,7,8,9}

	CSI-RS configuration
	4 CSI-RS ports and 5msec periodicity

	Channel and noise estimation
	Practical

	Receiver type
	MMSE-MRC receiver

	BS Tx EVM
	0%, 2%, 3%, 6%

	IQ imbalance (Rx EVM) at UE side
	0%, 1% (40 dB), 1.59% (36 dB), 2.24% (33 dB), 3.16% (30dB)


2.2. Evaluation results

Figure 1 and 2 show the evaluation results for 64QAM and 256QAM, respectively. Note that MCS of 64QAM (or 256QAM) and transmission layer are optimally selected on each SNR point such that the UE performance is maximized. Furthermore, “Averaged received SNR” indicates only a white noise, i.e. the effects of BS Tx EVM and UE Rx EVM are included only in the throughput performance. 
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(a) UE Rx EVM = 2.24%                                      (b) UE Rx EVM = 3.16%
Figure 1. Evaluation results for 2, 3 and 4 layer MIMO with 64QAM
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(a) UE Rx EVM = 1.0%                                      (b) UE Rx EVM = 1.59%

Figure 2. Evaluation results for 2, 3 and 4 layer MIMO with 256QAM
In the current UE demodulation requirements, BS Tx EVM = 3% and 6% are assumed for 256QAM and other modulation orders, respectively (e.g. [4]). Focus on the results of 64QAM (Fig. 1), BS Tx EVM = 3% can bring higher peak performance compared with existing BS Tx EVM value (6%), but the performance assuming BS Tx EVM = 2% is almost the same as that assuming BS Tx EVM = 3%. Focus on the results of 256QAM (Fig. 2), BS Tx EVM = 2 % can bring higher peak performance compared with existing BS Tx EVM value (3%), but it would not be significant improvement, i.e. a gain of peak performance from BS Tx EVM = 2% is up to 6%.
Observation 1: In the current UE demodulation requirements, BS Tx EVM = 3% and 6% are assumed for 256QAM and other modulation orders, respectively.

Observation 2: BS Tx and UE Rx EVM have an impact on the UE demodulation performance, specifically achievable peak performance.
Observation 3:
· For 64QAM, BS Tx EVM = 3% can bring higher peak performance compared with existing BS Tx EVM value (6%).
· For 256QAM, BS Tx EVM = 2% can bring higher peak performance compared with existing BS Tx EVM value (3%), but it does not seems to be significant improvement, i.e. a gain of peak performance from BS Tx EVM = 2% is up to 6%.
In addition, Fig. 3 (a) and (b) show the comparison of the performance of 64QAM and 256QAM when assuming Tx EVM = 2% and 3%, respectively. In those figures, the blue (red) lines indicate the evaluation results for 64QAM (256QAM).
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Figure 3. Comparison of 64QAM and 256QAM with 2, 3 and 4 layer MIMO
From the results, we observed that the performance of 256QAM is higher than that of 64QAM when assuming averaged received SNR > 25 dB in both BS Tx EVM = 2.0 % and 3.0% cases. In our view, such SNR (white noise) level is not too high in the realistic network, e.g. small cell deployment.
Observation 4: Even if the existing BS Tx EVM value (3% for 256QAM) is assumed, 256QAM has an advantage over 64QAM in terms of the UE demodulation performance in the realistic SNR (white noise) level.
3. Discussion
As you know the current BS Tx EVM requirements are defined as minimum requirement [5], namely the actual BS Tx EVM values are expected to be better than the minimum requirements. Actually, BS Tx EVM = 3% and 6% are assumed in the current UE demodulation requirements for 256QAM and other modulation orders as mentioned in observation 1, although larger BS Tx EVM values are specified as minimum requirements, e.g. 3.5% for 256QAM and 8% for 64QAM. Actual BS Tx EVM performance would not be unified for all BS venders and BS equipments. From our internal investigation, we observed that the current BS Tx EVM value assumed in the UE demodulation requirements, i.e. 3 % for 256QAM and 6% for others, well reflects the actual BS performance.

Observation 5: The current BS Tx EVM value assumed in the UE demodulation requirements, i.e. 3 % for 256QAM and 6% for other modulation orders, well reflects the actual BS performance.
Based on the above observations, we firstly would like to consider the necessity of the separate UE capability for higher layer MIMO with 256QAM a part form the existing capability, which was proposed in [6]. Currently, the UE capability for 256QAM is defined as per UE. Once an operator introduces 256QAM in its network, the operator can fully utilize 256QAM feature, i.e. the network can configure any MIMO layer to the 256QAM capable UEs within a supported MIMO layers. However, if the separate UE capability for 256QAM is introduced, the network could not configure 3 or higher layer MIMO with 256QAM to some 256QAM capable UEs even though the network supports 256QAM. We consider that such limitation would have a risk that an achievable system performance is degraded due to the lack of the opportunity of the higher layer MIMO with 256QAM. 
Furthermore, from observation 4, higher layer MIMO with 256QAM is not challenging to be used in the realistic network, and an operator could obtain an introduction gain of higher layer MIMO with 256QAM even if the existing BS Tx EVM value (3% for 256QAM) is assumed. Based on above analysis, we consider there is no reason to have the separate UE capability for higher layer with 256QAM from existing UE capability of 256QAM.
Observation 6: Separate UE capability for 256QAM according the number of the MIMO layer would have a risk that an achievable system performance is degraded due to the lack of the opportunity of the higher layer MIMO with 256QAM.

Observation 7: Even if the existing BS Tx EVM value (3% for 256QAM) is assumed, an operator could obtain an introduction gain of higher layer MIMO with 256QAM.

Proposal 1: No need to specify separate UE capability for 4 layer MIMO with 256QAM a part form the existing 256QAM capability. 
The second issues to be addressed are the UE demodulation requirements for higher layer MIMO with 256QAM and BS Tx EVM requirements. At the last RAN4 meeting, some companies considered that UE demodulation requirements for higher layer MIMO with 256QAM should not be introduced if tighter BS Tx EVM requirements are not specified. As mentioned in observation 4, however, a higher layer MIMO with 256QAM has an enough gain compared with 64QAM even if the existing BS Tx EVM value is assumed. This means that the use case of higher layer MIMO with 256QAM already existed even when assuming the existing BS Tx EVM requirements, and higher layer MIMO with 256QAM could improve a system performance in real network. Hence, we consider there is no relationship between UE demodulation requirements for higher layer MIMO with 256QAM and the necessity of the introduction of the new BS Tx EVM requirements, and then the UE demodulation requirements for higher layer MIMO with 256QAM should be specified (e.g. as SDR test) in order to ensure proper implementation of the 256QAM capable UE a part from the discussion on tightening BS Tx EVM requirements.
Observation 8: There is no relationship between UE demodulation requirements for higher layer MIMO with 256QAM and the necessity of the introduction of the new BS Tx EVM requirements.
Proposal 2: In order to ensure proper implementation of the 256QAM capable UE, the UE demodulation requirements for higher layer MIMO with 256QAM should be specified (e.g. as SDR test) regardless of the discussion on tightening BS Tx EVM requirements.
Final issue is which values are assumed for the UE demodulation requirements. From observation 2, lower BS Tx EVM can bring certain performance improvement. However, the purpose of the UE demodulation requirements is to verify the UE performance assuming realistic conditions, e.g. realistic BS Tx EVM value. In that sense, we consider that existing BS Tx EVM values are sufficient for the UE demodulation requirements.
Observation 9: It seems that existing BS Tx EVM values, e.g. 3% for 256QAM, are sufficient for the UE demodulation requirements.

4. Conclusion
In this contribution, we provide initial evaluation results and our views on the BS Tx EVM requirements and the UE capability for higher layer MIMO with 256QAM. Our observations and proposals are summarized as follows:
Observation 1: In the current UE demodulation requirements, BS Tx EVM = 3% and 6% are assumed for 256QAM and other modulation orders, respectively.

Observation 2: BS Tx and UE Rx EVM have an impact on the UE demodulation performance, specifically achievable peak performance.

Observation 3:

· For 64QAM, BS Tx EVM = 3% can bring higher peak performance compared with existing BS Tx EVM value (6%).

· For 256QAM, BS Tx EVM = 2% can bring higher peak performance compared with existing BS Tx EVM value (3%), but it does not seems to be significant improvement, i.e. a gain of peak performance from BS Tx EVM = 2% is up to 6%.

Observation 4: Even if the existing BS Tx EVM value (3% for 256QAM) is assumed, 256QAM has an advantage over 64QAM in terms of the UE demodulation performance in the realistic SNR (white noise) level.

Observation 5: The current BS Tx EVM value assumed in the UE demodulation requirements, i.e. 3 % for 256QAM and 6% for other modulation orders, well reflects the actual BS performance.
Observation 6: Separate UE capability for 256QAM according the number of the MIMO layer would have a risk that an achievable system performance is degraded due to the lack of the opportunity of the higher layer MIMO with 256QAM.

Observation 7: Even if the existing BS Tx EVM value (3% for 256QAM) is assumed, an operator could obtain an introduction gain of higher layer MIMO with 256QAM.

Observation 8: There is no relationship between UE demodulation requirements for higher layer MIMO with 256QAM and the necessity of the introduction of the new BS Tx EVM requirements.

Observation 9: It seems that existing BS Tx EVM values, e.g. 3% for 256QAM, are sufficient for the UE demodulation requirements.

Proposal 1: No need to specify separate UE capability for 4 layer MIMO with 256QAM a part form the existing 256QAM capability. 

Proposal 2: In order to ensure proper implementation of the 256QAM capable UE, the UE demodulation requirements for higher layer MIMO with 256QAM should be specified (e.g. as SDR test) regardless of the discussion on tightening BS Tx EVM requirements.
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