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1.	Introduction
In RAN4#91, the feasibility of testing demodulation was discussed as part of the feasibility study for 256 QAM in FR2.  As part of the study to conclude whether support for higher modulation for FR2 all aspects, including testability, should be discussed in the study before conclusions are made whether to introduce 256 QAM at FR2.
To this effect, this contribution will go into further detail regarding demodulation testability aspects.  The aim of this contribution is to highlight issues with regards to current testability limitations. 
2.	Discussion
One key aspect of conformance in FR2 is that only OTA testing is available.  Rel-15 conclusions on UE demodulation testing identified maximum achievable SNR levels due to the potential of high OTA path loss. Thus, the SNR range for FR2 demodulation tests is limited compared to that of FR1. The reason for this is as follows:
The SNR levels expected at the UE reference point needed for radiated demodulation and CSI requirements, can be expressed using the following equation:

The numerator represents samples of the wanted signal and the denominator AWGN generated in the test gear. The SNR is determined and fixed at the test gear and transmitter.
In Figure 1, an illustration of the impact of OTA testing with a certain ES/NOC is set at the transmitter. The received signal comprises the transmitted signal (including both wanted signal and AWGN) modified by the pathloss and with added receiver noise.  Thus, the signal experienced at each receiver is as follows:

Where PL is the pathloss and PRX represents the power of the internal noise in the receiver.
Clearly, if PRX is significant compared to the received AWGN level then the SNR will be degraded compared to the intended demodulation requirement.
The pathloss is a property of the OTA chamber, and the maximum possible transmit power for the wanted signal and AWGN are determined by the test gear. NRX depends on the receiver sensitivity. Since the factors in the equation are limited by chamber and equipment performance, there is a limit to the SNR that can be tested at the receiver without experiencing substantial degradation at the receiver.
At high modulation, such as 256 QAM, the SNR limit becomes an important factor. 
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Figure 1: OTA UE Demodulation Test Setup

It was then determined the upper bound of values given for the test method indirect far field method which has been documented as SNR upper bound has been studied and captured in TR 38.810.  
TR 38.810 table B.2.2.5.4-1: Predicted SNR upper bound values for Indirect far field (IFF)
	Channel Bandwidth
	Maximum SNR

	100MHz
	[19.0dB]

	200MHz
	[16.0dB]



Considering these upper bounds on achievable SNR for demodulation testing, it does not appear that currently documented demodulation testing is able to test 256QAM, which requires in excess of 25dB SNR for proper testing. Although some of these physical limitations and challenges have been discussed in previous RAN4 meetings, it is necessary to consider them as part of the study work for feasibility and benefit of introducing 256 QAM.  
It needs to be considered what is expected to be used for UE testing for what is needed at the UE reference point.  For high SINR it is necessary to ensure low noise performance at the receiver, which can only be achieved if high SINR is achievable.  Additionally, a robust UE baseband performance that does not create any SINR floor inside the baseband is ensured with appropriate UE demodulation testing.  It is critical to evaluate UE receiver aspects as part of the full link aspect if higher modulation support is to be studied. 
Observation 1: A solution for UE demodulation testability should be identified as part of feasibility aspect of 256 QAM requirement in FR2
Considerations of testability of the feature during study phase is needed to ensure deployable and beneficial feature.
Further it is likely that during real operation, experiencing this SNR is opportunistic, and the probability of which this occurs should be investigated.  The probability of which this SNR is achievable within a scenario is studied with supplementary system simulations; this aspect would determine if there is benefit of introducing 256 QAM whilst weighting the technical complexities.
Observation 2: After considerations on SNR expected at the UE reference point, system simulations provide a further look on the overall benefit to consider 256 QAM under the SNR conditions.
3.	Conclusions
In this contribution, issues on feasibility and benefits on 256 QAM in FR2 have been highlighted and in particular, the reason behind the lack of suitability of the current OTA demodulation testing has been discussed.  The full feature of 256 QAM for FR2 needs to consider both the transmitter signal quality but also the receiver testability aspects in order to deem the feature beneficial to standardize. 
The main aspects are summarized in the following two observations.
Observation 1: A solution for UE demodulation testability should be identified as part of feasibility aspect of 256 QAM requirement in FR2
Observation 2: After considerations on SNR expected at the UE reference point, system simulations provide a further look on the overall benefit to consider 256 QAM under the SNR conditions.
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