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1. Introduction
The WI on defining DL 256QAM for FR2 was agreed in [1] with a feasibility study phase. In the Aug. RAN4 meeting, testability issues for FR2 DL 256QAM were discussed in several papers [2-4]. From the discussion, two main testability issues are considered:
· Whether the feasibility of test equipment on Tx EVM can comply with DL 256QAM Tx EVM

· Whether the feasibility of test equipment on testable SNR can comply with DL 256QAM performance test cases 

In this paper, we provide our views on these testability aspects for FR2 DL 256QAM. 
2. Discussion

2.1. Tx EVM of test equipment
From [5], simulation assumption of [1.0%-5.0%] on Tx EVM for FR2 DL 256QAM was agreed. To verify if the test equipment Tx EVM can comply with DL 256QAM Tx EVM requirements, we did the measurements with commercial signal-generator (from company X) sending the signals over a cable to commercial signal-analyzer (from company Y). And we should note that company X and Y are different companies. 
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Figure 1: 28GHz measurement results
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Figure 2: 39GHz measurement results
As shown in Figure 1 and Figure 2, the commercial test equipment can achieve 1% EVM for 28GHz and 39GHz carrier frequency. With 1% EVM, the total Tx and Rx degradation is -40dBc meaning that Tx contributes less than -40dBc. Therefore, we can have at least 40dB DL SNR with current test equipment capability. Therefore, the EVM and phase noise in the test equipment are not the bottleneck for FR2 DL 256QAM testing, and hence only link budget shall be the focus from the testability point of view.

Observation 1: Commercial test equipment can achieve 1% EVM for 28GHz and 39GHz carrier frequency. We can have at least 40dB DL SNR with current test equipment capability.
Observation 2: EVM and phase noise in the test equipment are not the bottleneck for FR2 DL 256QAM testing, and hence only the link budget shall be the focus from the testability point of view.

2.2. Link budget of test equipment
With the above observation 1&2, in this section, we focus on the link budget of test equipment. The testable maximum SNR at the baseband for FR2 were studied in testability SI for DNF, IFF and DFF setups. For example, maximum SNR with DFN setup are given in Table 1 [6]:
Table 1: The maximum SNR for DNF for n260 with 43.5GHz carrier assumptions
	
	Channel Bandwidth
	Maximum SNR

	Single band UE
	100MHz
	[22.6dB]

	
	200MHz
	[19.6dB]

	Multi-band UE Note 1
	100MHz
	[20.6dB]

	
	200MHz
	[17.6dB]

	Note 1: For ∑MBp from TS 38.101-2 Table 6.2.1.3-4 allow up to 2dB


Based on the initial simulation results [7], the testing SNR for DL256QAM would be at the range of [20-23] dB to show the gains compared with 64QAM. Therefore, from the Table 1, there might be SNR gap between testable maximum SNR and testing SNR. However, if checking the parameters for testable DL SNR calculator in [6], we can find out that 43.5GHz carrier is assumed for the pathloss calculating and the REFSENS of n260 is applied considering the worst case. To calculate the testable maximum SNR for 28GHz, we update the parameters based on 28GHz carrier frequency and then maximum SNR for DFN and IFF can be obtained as follows:
Table 2: The maximum SNR for DNF for n258 with 28GH carrier assumptions
	
	Channel Bandwidth
	Maximum SNR

	Single band UE
	100MHz
	[29.4dB]

	
	200MHz
	[26.4dB]

	Multi-band UE Note 1
	100MHz
	[27.4dB]

	
	200MHz
	[24.4dB]

	Note 1: For ∑MBp from TS 38.101-2 Table 6.2.1.3-4 allow up to 2dB


Table 3: The maximum SNR for IFF for n258 with 28GH carrier assumptions
	
	Channel Bandwidth
	Maximum SNR

	Single band UE
	100MHz
	[26.5dB]

	
	200MHz
	[23.5dB]

	Multi-band UE Note 1
	100MHz
	[24.4dB]

	
	200MHz
	[21.3dB]

	Note 1: For ∑MBp from TS 38.101-2 Table 6.2.1.3-4 allow up to 2dB


From above results, we have the following observation and proposal:
Observation 3: The maximum SNR for n258 multi-band UE with 100MHz channel BW are 27.4dB and 24.4dB for DNF and IFF setups respectively which can satisfy the required testing SNR for DL 256QAM test cases.
Proposal 1: With testable maximum SNR under 28GHz assumptions, RAN4 define FR2 DL 256QAM performance test cases for n247, n258 and n261.
For the DL 256QAM performance test cases of 39GHz, the gap between testable maximum SNR and testing SNR will depend on the channel model and MCS of test cases. We can further study the test methodology enhancement in the new SI [8] and the potential solutions such as reducing the measurement distance, testing smaller channel bandwidth shall be considered.
Proposal 2: RAN4 define FR2 DL256QAM performance test cases for n260 based on the output of SI on enhanced test methods and the potential solutions such as reducing the measurement distance, testing smaller channel bandwidth shall be considered.
3. Conclusion
This paper studies the testability of DL 256QAM in FR2. We have the following observations and proposals: 
Observation 1: Commercial test equipment can achieve 1% EVM for 28GHz and 39GHz carrier frequency. We can have at least 40dB DL SNR with current test equipment capability.
Observation 2: EVM and phase noise in the test equipment are not the bottleneck for FR2 DL 256QAM testing, and hence only the link budget shall be the focus from the testability point of view.

Observation 3: The maximum SNR for n258 multi-band UE with 100MHz channel BW are 27.4dB and 24.4dB for DNF and IFF setups respectively which can satisfy the required testing SNR for DL 256QAM test cases.

Proposal 1: With testable maximum SNR under 28GHz assumptions, RAN4 define FR2 DL 256QAM performance test cases for n247, n258 and n261.

Proposal 2: RAN4 define FR2 DL256QAM performance test cases for n260 based on the output of SI on enhanced test methods and the potential solutions such as reducing the measurement distance, testing smaller channel bandwidth shall be considered.
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