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1. Introduction
During RAN#93 Plenary meeting new work item on 256QAM DL support for frequency range 2 was agreed in [1]. It was observed there are scenarios with very high data demand. Therefore, support for 256 QAM is required.

In this contribution we discuss how Tx and Rx impairments impact system performance. 
2. Discussion
In WID [1] objectives for phase 1 of this work item are as follows:
Phase 1:  Continue and complete the feasibility and performance benefit study to identify applicable scenarios
1) Both system and link simulations as well as RF and baseband implementation need to be considered in the Rel-16 evaluation to study the benefits of FR2 DL 256QAM.

2) This phase is planned from RAN4#91 and should end by RAN4#93.

According to studies presented in [2] the SINR of 25dB at the receiver is required to ensure sufficent link quality for 256QAM modulation. This raises the question whether it is achievable to reach such SINR levels in FR2, especially when Rx and Tx impairments are taken into account on top of the channel conditions. 
Firstly, some examples of scenarios where channel conditions are favourable for 256 QAM include Fixed Wireless Access (FWA) and Integrated Access and Backhaul (IAB) backhaul, where line-of-sight conditions are likely, and channel is rather static. It should be also noted that in these scenarios neither end of the wireless transmission link is typically battery-powered. 

One of the defining factors for Tx and Rx impairments is phase noise performance. As an example of what is commercially available at a moment, we have shown the phase noise at 15 GHz from [3] in Figure 1. A well-known approximation of phase noise impact to EVM is to integrate the single sideband phase noise power and add 3 dB due to SSB-to-DSB conversion. For the SSB phase noise curve in Figure 1 this result is -45.5 dBc, but the value is valid at 15 GHz. 
According to Leeson’s equation doubling the frequency results in 6 dB phase noise increase, so for the full 28 GHz band (n257, n258 and n261) -39.5 dBc EVM due to phase noise is a reasonable estimation. It should be noted that this excludes any benefits from receiver gets from PTRS, i.e. with the effective high-pass filtering of the phase noise coming from PTRS-based corrections, the EVM performance would be better. For the use cases listed above, similar phase noise can be expected from receiver side also.

When it comes to handheld of other small battery powered devices, an example of phase noise performance is provided in [4]. It quotes -34.6 dBc EVM, again without considering the benefits from PTRS. The phase noise is shown in Figure 2.
Naturally also other Rx and Tx impairment do have impact on the final signal quality level, and a full system level signal quality budget is shown in Table 1. While some of the shown numbers differ from minimum requirements, they are necessitated by real system scenarios in which performance degradation is not desired.
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Figure 3. Closed-Loop Phase Noise at 15 GHz





Figure 1: Closed-Loop Phase Noise of TI LMX2595 at 15 GHz from [3].
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Figure 2: Phase Noise performance from [4].

Table 1: System level signal quality budget
	
	Impairment source
	EVM [%]
	EVM [dBc]
	Notes

	TX
	TX digital processing
	1
	-40
	CFR, Quantization noise

	
	Tx IQ-imbalance
	0.71
	-43
	Based on non-contiguous DL CA where IQ-imbalance component is budgeted to fall 15 dB below ACLR requirement

	
	Tx phase noise
	1.06
	-39.5
	 

	
	Tx non-linearity
	1.41
	-37
	Based on 3 dB implementation margin from minimum ACLR requirement, flat ACLR model and 2 dB backoff

	
	
	
	
	

	RX
	Rx-non-linearity
	1.78
	-35
	Based on dynamic range of the receiver

	
	Rx phase noise
	1.06
	-39.5
	 

	
	Rx IQ-imbalance
	0.32
	-50
	Based on non-contiguous DL in CA where in-band blocker may be placed on image frequency

	
	Rx digital processing
	N/A
	N/A
	Taken into account in Rx noise figure

	
	
	
	
	

	
	Total
	3.00
	-30.46
	


As seen from the EVM budget, Tx and Rx impairments do not limit the usability of 256QAM. When Tx and Rx EVM are considered together with the SINR obtained from system simulations the following points should be taken into account
· Transmitted signal has limited SNR, set by the Tx EVM

· In the channel Tx signal and noise both attenuate the same amount

· Transmitted noise sums with the noise generated within the receiver, which is formed by both the noise figure of the receiver taken into account in system simulations and from the other Rx impairments. 

Therefore the total link level EVM can be calculated as
EVM_total = EVM_Tx + EVM_channel + EVM_Rx,

where EVM_channel is equal to -SINR_channel in dB.

When total EVM of -25 dBc is targeted and Tx and Rx impairments contribute -30.46 dBc, it means that the minimum SINR for the channel is equal to -25 dBc – 30.46 dBc, but the calculation needs to be done in linear domain. The end result is 26.45 dBc.

It should be noted that the result in slightly pessimistic, as receiver noise figure already includes a small contribution from phase noise, IQ-imbalance and even non-linearity.
When it comes to the relationship between minimum requirements and the presented results, in our view the above results should not be considered to be applicable to be set as minimum requirements. There are different use cases which call for different device optimizations. The presented results show that when devices are optimized towards high signal quality, 256 QAM is easily feasible. However, if the optimization is towards the maximum power efficiency and lower throughput is acceptable, the conclusion may be different.

3. Conclusion

In this contribution Tx and Rx impairments and their impact to 256 QAM were discussed. It was shown that Tx and Rx impairments do not limit the usability of 256QAM. 26.5 dB SINR is needed from the channel conditions to enable benefits from 256QAM when considering realistic Tx and Rx impairments.
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