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1	Introduction
With the work item to define FR2 requirements for DL 256QAM [1] progressing through the feasibility study phase, a number of offline discussions related to the testability of the requirements have been observed.  This contribution seeks to identify and highlight potential testability challenges associated with this DL modulation scheme based on current FR2 RF and demodulation setups.
2	Discussion
The DL 256QAM WID lists the following UE requirements as objectives (including both Core and Performance parts):
-	Rx maximum input level, FRC, etc.
-	Performance requirements
From the related RAN5 discussions, the Rx maximum input level test case is considered one of the challenging test cases in Rel-15 which either requires a large offset to the passing requirement (26 to 34 dB) or is not testable in Rel-15 FR2 [2].  However, from the RAN4 perspective, this outcome is not desired, and further test case parameter re-evaluation and, possibly, alternative methodologies may be envisioned to extend the testability of these requirements [3].  Thus, the testability of the Rx maximum input level for FR2 DL 256QAM should also be considered in the feasibility study part of the work item.
[bookmark: _Toc16614047][bookmark: _Toc16614121][bookmark: _Toc16614698][bookmark: _Toc16614857]Observation 1:	The testability of the Rx maximum input level for FR2 DL 256QAM should also be considered in the feasibility study part of the work item.
Considering the performance part objective, the following testability aspects are useful to consider:
1)	Whether FR2 DL 256QAM performance requirements are testable in the demodulation test setup as defined in TR38.810 [4] (and corresponding to requirements in TS38.101-4 [5]).
2)	Whether FR2 DL 256QAM performance requirements should be tested also in the FR2 NR MIMO OTA test setup [6], [7]
3)	How to ensure that the demodulation test equipment supports Tx EVM level not worse than the EVM level agreed in the simulation assumptions for deriving the FR2 DL 256QAM requirements
With respect to 1) above, the maximum DL SNR capability of the demodulation test setup in TR38.810 is 19.6 dBm [4].  Some alignment in FR2 DL 256QAM simulation results is needed to identify a range of anticipated SNR operating points for the corresponding 256QAM demodulation test cases.  If these test points exceed the current demodulation test setup capability, then they should be resolved in order to confirm the feasibility of having FR2 DL 256QAM demodulation performance requirements in the specification.
[bookmark: _Toc16614699][bookmark: _Toc16614858]Observation 2:	If the SNR test points derived from simulated FR2 DL 256QAM simulation results exceed the current demodulation test setup capability, then they should be resolved in order to confirm the feasibility of having FR2 DL 256QAM demodulation performance requirements in the specification.

With respect to 2) above, it is not yet clear whether more advanced demodulation performance metrics would be applicable to DL 256QAM, and further discussion on this aspect is welcome.
Regarding item 3) above, it is useful to consider the applicability of agreements on RF impairment modeling which are used in deriving the FR2 demodulation requirements to FR2 MIMO OTA test system capabilities and verification.  The agreement on RF impairment modeling was captured in [8]:
Use the following RF impairments models to define the minimum UE performance requirements for FR2
-	Option 1:
-	Total TX EVM = [6]% for QPSK/16QAM/64QAM. 
-	Total TX EVM = Tx EVM due to phase noise after CPE compensation + remaining Tx EVM
-	Phase noise is explicitly modelled for Tx and Rx for alignment simulations. Use phase noise model #2 as defined in TR 38.803 for FR2 demodulation performance tests. 
-	Remaining TX EVM in addition to Phase noise is modelled as AWGN: 
-	[5]% for CF 24, 29 GHz, 39 GHz, [4]% for CF 52 GHz
-	Option 2: 
-	Total TX EVM = [6]% for QPSK/16QAM/64QAM. 
-	TX EVM is modelled as AWGN
-	No Tx phase noise is modelled
-	Phase noise is explicitly modelled for Rx. Use phase noise model #2 as defined in TR 38.803 for FR2 demodulation performance tests. 
-	Option 2-1: Rx Phase noise is modelled for requirements definition
-	Option 2-2: Rx Phase noise is modelled only to find feasible FRC configuration (i.e. achieve maximum throughput and loss in comparison to scenarios without Rx phase noise is less then 1 dB)
-	Other options are not precluded
Use option 2 from slide 10 for RAN4#88bis simulation purpose
Use the following assumptions for conformance testing for FR2
-	Test equipment shall support TX EVM level not worse than the one used to define the minimum performance requirements. 
-	Phase noise modelling by TE
-	Option 1: TX phase noise is not emulated
-	Other options are not precluded

[bookmark: _Toc16614700][bookmark: _Toc16614859]Observation 3:	There exists a requirement on the demodulation test equipment to support Tx EVM level not worse than the one used to define the minimum performance requirements.
As outlined in [9], such a requirement on the test equipment requires a verification procedure, and in the case of DL 256QAM, the feasibility of test equipment complying with a potential value of Tx EVM should be checked.
[bookmark: _Toc16614701][bookmark: _Toc16614860]Observation 4:	The feasibility of test equipment complying with a potential value of Tx EVM for FR2 DL 256QAM should be checked.
[bookmark: _Toc16550838][bookmark: _Toc16573703][bookmark: _Toc16614861]Proposal 1:	The feasibility of testing of Rx maximum input level, alignment of the FR2 demodulation test setup SNR capability with simulated SNR test points, and the feasibility of test equipment complying with a potential value of Tx EVM for FR2 DL 256QAM shall be included in the study phase of the work item. 
3	Conclusions
This contribution provided views related to the verification of the DL signal quality for FR2 MIMO OTA.  The following observations and proposals have been made:
Observation 1:	The testability of the Rx maximum input level for FR2 DL 256QAM should also be considered in the feasibility study part of the work item.
Observation 2:	If the SNR test points derived from simulated FR2 DL 256QAM simulation results exceed the current demodulation test setup capability, then they should be resolved in order to confirm the feasibility of having FR2 DL 256QAM demodulation performance requirements in the specification.
Observation 3:	There exists a requirement on the demodulation test equipment to support Tx EVM level not worse than the one used to define the minimum performance requirements.
Observation 4:	The feasibility of test equipment complying with a potential value of Tx EVM for FR2 DL 256QAM should be checked.

Proposal 1:	The feasibility of testing of Rx maximum input level, alignment of the FR2 demodulation test setup SNR capability with simulated SNR test points, and the feasibility of test equipment complying with a potential value of Tx EVM for FR2 DL 256QAM shall be included in the study phase of the work item.
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