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1.	Introduction
In [1], way forward about FR2 demodulation is agreed. In this paper, we review the concerning papers and lists the open issues which should be solved/clarified in RAN5 regarding FR2 Demod MU/Testability discussion.
2.	Discussion
2.1 Measurement Uncertainty
2.1.1 Consideration on SNR uncertainty.
The most important uncertainty factor for demod is the uncertainty for SNR at reference point, which is center of Quiet Zone. Preliminary assessment is already provided in B.3.3.3-1 (Annex A.2 of this document) of TR38.810. This preliminary assessment lists only a few MU factors and which includes the intention that almost all the MU factors listed in EIS MU will be cancelled out, because DL desired signal and AWGN is transmitted on the same frequency and subject to same distortion effect. We note that this applies when DL desired signal and AWGN are generated and summed up in the SS baseband module and shares the common RF. If separated AWGN generator is used, this does not apply. 
Observation 1 : When DL desired signal and AWGN is summed in SS baseband and share the same RF, almost all the MU factors as discussed in EIS MU are cancelled out for SNR uncertainty
Some MU factors are still marked as TBD in TR 38.810 in the Note 1 – 3 of B.3.3.3-1.
Table B.3.3.3-1: Uncertainty assessment for T-put test with defined SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]


	During T-put measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment


For Note 1, we think this factor can be further decomposed into the effect from XPD of probe antenna and effect from polarization mismatch. The study of latter item is required, as the procedure in Annex H in 38.521-4, which describing the procedure utilizing RSRPB and RI report, would not always guarantee 100% match of polarization. The mismatch could happen due from such as non-ideal RSPRB report accuracy.
Issue 1-1 : Effect from XPD of probe antenna to SNR uncertainty 
Issue 1-2 : Effect from polarization mismatch due to such as non-ideal RSRPB report accuracy to SNR uncertainty
For Note 2, as a quick view we think QoQZ impact can be cancelled out, but open to further views.
Issue 1-3 : Effect from Quality of Quiet Zone for SNR uncertainty
[bookmark: _GoBack]For Note 3, [0.5]dB was came from the “Fading profile power uncertainty” in LTE. In LTE, 0.5dB was used for single Tx, and 0.7 dB was used for more than 1Tx in LTE spec. We need to re-evaluate this value in FR2 NR. NOTE : Separated paper to re-evaluate this MU factor for FR1 in R5-196282.
Issue 1-4 : Effect of fading profile power uncertainty for SNR uncertainty
Though it is not listed in TR 38.810, in LTE, AWGN flatness and signal flatness is counted for SNR uncertainty and this should be considered as well in FR2(See Table F.1.4-1 below). It is clear that flatness depends on channel BW(wider BW can have worse flatness), then we could have different value for FR2 for which BW is larger than FR1 or LTE.(As of now, test point with up to 200MHz BW is defined in FR2 demod test case)
Issue 1-5 : AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig
Also it is noted that in LTE “x0.25” has been applied as a sensitivity factor for impact of flatness to SNR uncertainty. This was introduced in [2] based on the some simulation campaigns in RAN4. In FR2 we need to consider how we can define sensitivity factor in FR2, i.e. use same sensitivity or conduct simulation etc…
Table F.1.4-1: Maximum Test System Uncertainty for Performance Requirements
	Subclause
	Maximum Test System Uncertainty1
	Derivation of Test System Uncertainty

	8.2.1.1.1 Multiple PRBs
 - Propagation Condition EVA5
 - Propagation Condition ETU70
 - Propagation Condition ETU300
	± 0.8 dB
	Overall system uncertainty for fading conditions comprises three quantities:
1. Signal-to-noise ratio uncertainty
2. Fading profile power uncertainty
3. Effect of AWGN flatness and signal flatness

Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared:
AWGN flatness and signal flatness has x 0.25 effect on the required SNR, so use sensitivity factor of x 0.25 for the uncertainty contribution.
Test System uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + Fading profile power uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2)
Signal-to-noise ratio uncertainty ±0.3 dB
Fading profile power uncertainty ±0.5 dB for single Tx
AWGN flatness and signal flatness ±2.0 dB


Issue 1-6 : How to define sensitivity factor for effect on the SNR from AWGN and signal flatness
2.1.2 Other uncertainty elements.
Though is not specified in TR 38.810, in LTE 36.521-1 and also in FR1 NR 38.521-4 we also have other uncertainty factors than SNR(Yellow highlighted ones in Annex A.1).
AWGN absolute power uncertainty can be defined in very similar way as done in EIS.
Issue 1-7 : AWGN absolute power uncertainty
Issue 1-8 : AWGN peak to average ratio 
Issue 1-9 : Signal-to noise ratio variation for any resource block, relative to average over downlink transmission Bandwidth
Issue 1-10 : Fading profile delay uncertainty, relative to frame timing
2.2 Achievable SNR/Testability
Consideration for achievable SNR is considered in the definition of core specification by some extent. For example, some parameters are defined based on the TE’s achievable SNR. In FR2 TRx, we are defining the testability based on the input from TE vendors and decide “test as is”/”test with relaxation”/”not to test”, in TS 38.521-2 in TC by TC basis. In FR2 Demod, we do the same thing, or make it up to TE implementation is an open issue.
Issue 2-1: Define common upper bound of achievable SNR and reflect it, if necessary, in TS 38.521-4, or leave it up to TE implementation (i.e. nothing happen in 38.521-4)
TR 38.810 provides baseline guideline for the evaluation of achievable SNR. Some detailed aspects are not clarified, and need further clarification. We think this is still required even if Issue 2-1 is concluded with “leave it up to TE implementation” for the purpose of establishing common methodology for evaluating achievable SNR.
Impact from fading to achievable SNR is not yet clarified. The variation interval of DL power due to multi-path fading is considered as much longer than OFDM symbol length. Hence, UE may experience long distorted DL signal if DL signal is distorted due to saturation of TE’s PA, which result in burst error of DL packets.
Issue 2-2: Effect from fading for achievable SNR
Impact from polarization mismatch (TE’s DL polarization and UE’s receive antenna polarization)  to achievable SNR is not yet clarified. This also related to Issue 1-2.
Issue 2-3: Effect from polarization mismatch to achievable SNR
Impact from possible sensitivity degradation (e.g. multi-band relaxation) to achievable SNR is not yet clarified. NOTE : This is being discussed in RAN4#92 then possibly solved.
Issue 2-4: Effect from sensitivity degradation (e.g. multi-band relaxation) to achievable SNR 


3.	Conclusion
We list hte open issues for FR2 demod MU/testability related topics based on [1]. RAN5 is asked to endorse following.
Proposal 1 :RAN5 to discuss and study the following open issues regarding FR2 demod MU definition
Issues relating to SNR uncertainty: 
Issue 1-1 : Effect from XPD of probe antenna to SNR uncertainty 
Issue 1-2 : Effect from polarization mismatch due to such as non-ideal RSRPB report accuracy to SNR uncertainty
Issue 1-3 : Effect from Quality of Quiet Zone for SNR uncertainty
Issue 1-4 : Effect of fading profile power uncertainty for SNR uncertainty
Issue 1-5 : AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig
Issue 1-6 : How to define sensitivity factor for effect on the SNR from AWGN and signal flatness
MU elements other than SNR uncertainty:
Issue 1-7 : AWGN absolute power uncertainty
Issue 1-8 : AWGN peak to average ratio
Issue 1-9 : Signal-to noise ratio variation for any resource block, relative to average over downlink transmission Bandwidth
Issue 1-10 : Fading profile delay uncertainty, relative to frame timing
Open issues for achievable SNR determination:
Issue 2-1: Define common upper bound of achievable SNR and reflect it, if necessary, in TS 38.521-4, or leave it up to TE implementation (i.e. nothing happen in 38.521-4)
Issue 2-2: Effect from fading for achievable SNR
Issue 2-3: Effect from polarization mismatch to achievable SNR
Issue 2-4: Effect from sensitivity degradation (e.g. multi-band relaxation) to achievable SNR
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Annex A.1. Uncertainly factors in TS 36.521-1
Following values are defined relating to demod MUs in TS 36.521-1 Annex F.1. 
	AWGN absolute power uncertainty, averaged over BWConfig Note 4
	±3 dB

	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig
	±2 dB

	AWGN peak to average ratio 
	≥10 dB @0.001%

	Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	±0.3 dB (includes uncertainty in precoding applied by the test system, where applicable)

	Signal-to noise ratio variation for any resource block, relative to average over downlink transmission Bandwidth
	±0.5 dB

	Noc2 absolute power uncertainty, averaged over BWConfig Note 5
	±3 dB

	Noc1 / Noc2 ratio uncertainty, averaged over BWConfig Note 5
	±0.3 dB

	Noc3 / Noc2 ratio uncertainty, averaged over BWConfig Note 5
	±0.3 dB

	Es / Noc2 ratio (SNR) uncertainty, averaged over downlink transmission Bandwidth Note 5
	±0.3 dB (includes uncertainty in precoding applied by the test system, where applicable)

	Fading profile power uncertainty
	Test-specific

NOTE : Following values used :
±0.5 dB for single Tx,
±0.7 dB for more than 1 Tx 

	Fading profile delay uncertainty, relative to frame timing
	±5 ns (excludes absolute errors related to baseband timing)



Annex A.2. Uncertainly factors for SNR in TR 38.810
Among the uncertainty factors in Table A.1, preliminary assessment for SNR uncertainty is provided in TR 38.810.
Table B.3.3.3-1: Uncertainty assessment for T-put test with defined SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]


	During T-put measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment
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