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1.
Introduction

The text currently in TR 38.810 [2], as updated by R4-1809511 [3] agreed at RAN4-AH-1807 in Montreal, provides an assessment of testable DL SNR range and accuracy for D=15cm and contains graphs of SNR error for various scenarios. It does not however contain any information on how to specify the core requirements.
The Way Forward on remaining open issues for UE Demodulation setup In R4-18-09505 agreed at RAN4-AH-1807 in Montreal contains proposal for RAN4 to define a Reference point, and then to devise a method to calculate the SNR at the reference point for a wanted SNR at the Baseband of the UE.

This Tdoc aims to explain the method, based on preliminary discussions at RAN4-AH-1807. It proposes how to specify the core requirements, and gives initial estimates of the achievable SNR upper bound.

The Excel spreadsheet used for calculation is included. Values/assumptions are based on RAN4-agreed parameters for the UE from earlier Refsens requirement derivation, and on informal discussion between Test system vendors. 
2.
Way Forward agreed at RAN4-AH-1807
In the Way Forward on remaining open issues for UE Demodulation setup In R4-18-09505 agreed at RAN4-AH-1807 in Montreal, slide 2 on SNR Reference point contains the text:

· Agreement from the Ad-hoc:
· The reference point for DL SNR and signal/noise power levels is point X in space inside the test chamber
· Point X definition is FFS for UE demodulation setup
· Further discuss on how to handle the mismatch of SNR at the UE baseband and the reference point and methodology how to capture it in the UE performance requirements
· Proposal:
· SNR Reference point: 
· For Near-Field setup:
· The reference point for SNR is defined as the intersection of the axes of rotation of the positioning system(s).
· For Far-Field (Direct or Indirect) setup:
· The reference point for SNR is defined as the geometrical center of the QZ.
· How to calculate the SNR at the reference point for a wanted SNR at the BB of the UE:
· RAN4 defines a methodology how to calculate the SNR set by the TE at the reference point for a wanted BB SNR
· How to capture the methodology and corresponding SNR value in the specification is FFS
Slide 3 on SNR Accuracy and Range contains the text:

· Agreement from the Ad-hoc for RRM:
· Further capture in the TR the SNR range which can be emulated by the test system with SNR error of [1] dB (note: this value is not expected to be used as MU value)
· Proposals:
· In RAN4#88: Identify approximate SNR upper bound to allow RAN4 demod experts to make a prioritization of test cases
· TE Vendors to bring proposals on the max feasible SNR value
· RAN4 UE Demodulation and CSI requirements can be defined for any SNR range
· In case the required SNR is larger than the SNR upper bound, the corresponding requirement can currently not be tested
 The bullets with highlight are covered in the following sections.
3.
Method to calculate SNR set at reference point for a wanted Baseband SNR 
The method here is based on the principle of setting the noise from the Test system to be a defined amount above the allowed UE thermal noise, to give a 1dB degradation in overall SNR. In this context, “degradation” means that an SNR of xdB generated by the Test system will give at worst an (x-1)dB SNR at the UE baseband.

The diagram below illustrates the principle.
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The method works back from the desired SNR at the UE Baseband, and takes into account the UE noise figure, the UE implementation loss and the UE antenna gain. These figures are as agreed in R4-1804589 [1] provided by Qualcomm. As the UE demodulation requirements are intended to be band-agnostic, the figures for 39GHz have been used.
This method of analysis has the following properties:

· It includes all the relevant UE-related parameters

· It can be applied to any SNR, since it sets the applied noise level

· The Reference point is a convenient interface which can be used to define UE core requirements
This concept to specify and measure the FR2 demodulation requirements assumes the UE Rx beam peak is directed at the signal angle of arrival.
4.
Capturing the requirements in TS 38.101-4 
If RAN4 agrees with the method to calculate SNR set at reference point, a way forward could be to specify the reference point requirements in TS 38.101-4. This would be similar in principle to LTE demodulation requirements currently in TS 36.101, where Noc and SNR values are specified:
8.2.1.1.4
Minimum Requirement 1 PRB allocation in presence of MBSFN

The requirements are specified in Table 8.2.1.1.4-2, with the addition of the parameters in Table 8.2.1.1.4-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify the single-antenna performance with a single PRB allocated at the lower band edge in presence of MBSFN.

Table 8.2.1.1.4-1: Test Parameters for Testing 1 PRB allocation

	Parameter
	Unit
	Test 1

	Downlink power allocation
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	Symbols for MBSFN portion of MBSFN subframes (NOTE 2)
	
	OCNG (NOTE 3)

	PDSCH transmission mode
	
	1

	NOTE 1:
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NOTE 2:
The MBSFN portion of an MBSFN subframe comprises the whole MBSFN subframe except the first two symbols in the first slot. 

NOTE 3:
The MBSFN portion of the MBSFN subframes shall contain QPSK modulated data. Cell-specific reference signals are not inserted in the MBSFN portion of the MBSFN subframes, QPSK modulated MBSFN data is used instead.


Table 8.2.1.1.4-2: Minimum performance 1PRB (FRC)

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.29 FDD
	OP.3 FDD
	ETU70
	1x2 Low
	30
	2.0
	≥1


The differences for TS 38.101-4 would be:

· The Noc spectral density would be lower (nearer to the UE noise floor)

· An SNR of xdB specified in TS 38.101-4 would correspond to a simulation with (x-1)dB SNR at the UE baseband.
For comparison, we note that the LTE Noc spectral density of -98dBm/15kHz translates to -140dBm/Hz.

As there is no allowance for misalignment between the UE Rx beam peak and the signal angle of arrival, TS 38.101-4 would need to state that the requirements are specified with the downlink signal and noise aligned to the Rx beam peak.
· Proposal 1: Demodulation and CSI requirements are specified at the Reference Point
· Proposal 2: An SNR of xdB specified in TS 38.101-4 corresponds to a simulation with (x-1)dB SNR at the UE baseband

· Proposal 3: Noc is specified in TS 38.101-4 as -153dBm/Hz

· Proposal 4: Requirements in TS 38.101-4 are specified with the downlink signal and noise aligned to the Rx beam peak
5.
Identifying approximate SNR upper bound 
Following on from the method of setting the noise from the Test system to give a 1dB degradation in overall SNR, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.

Several types of test system for demodulation are envisaged by TR 38.810 [2], and are listed in Annex B.3: 

· Direct near field (DNF) setup
· Direct far field (DFF) setup
· Indirect far field (IFF) setup
The SNR upper bound depends on the type of test system.
5.1 Direct near field (DNF) setup
The diagram below illustrates the principle, and is based on the “DNF 100MHz” tab of the accompanying spreadsheet, with an example UE baseband SNR of 18dB.

The process works back through the signal chain, from right to left in the diagram, and generally uses the same values currently included in TR 38.810.
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During development of the idea it has become clear that Test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.

Generally, antenna gain is defined in the far field. For DNF, the use of probe antenna gain in this analysis is FFS. 

At this stage, the accuracy of setting the signal and noise levels has been taken as +/-[6.7]dB, which is based on the Direct Far Field measurement uncertainty for EIS in the TR 38.810 [2]. However, this is based on a far-field system, and the uncertainty analysis for a near-field system is likely to be different but is subject to further analysis by RAN5.
During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5. 

Inclusion of these two contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in section 6.
5.2 Direct far field (DFF) setup
Similar diagram as the one shown in section 5.1 can be created for the case of Direct Far Field according to the “DFF 100MHz” tab of the accompanying spreadsheet, with an example UE baseband SNR of 15dB.
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In this case, the accuracy of setting the signal and noise levels has been taken as +/-[6.7]dB is the Direct Far Field measurement uncertainty for EIS defined in Table B.1.1.3-2 in TR 38.810 v2.3.0 [2]. Final uncertainty value to be concluded by RAN5. 

Probe Antenna gain has no [ ] in this case (as the probe antenna gain concept is applicable to Direct Far Field) and it is based on TE vendors agreed assumption.

As in the case of Direct Near Field, during conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5. 

5.3 Indirect far field (IFF) setup
Following the same principle, the diagram for the Indirect Far field solution could be generated based on FF based on the “IFF 100MHz” tab of the accompanying spreadsheet, with an example UE baseband SNR of 16dB.
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In this case, the accuracy of setting the signal and noise levels has been taken as +/-[6.5]dB is the indirect Far Field measurement uncertainty for EIS defined in Table B.1.3.3-2 in TR 38.810 v2.3.0 [2]. Final uncertainty value to be concluded by RAN5. 

Probe Antenna gain has no [ ] in this case (as the probe antenna gain concept is applicable to Direct Far Field) and it is based on TE vendors agreed assumption.

As in the case of Direct Near Field, during conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5.
6.
SNR upper bound values
Based on the analysis in the .xls included in this contribution, the predicted SNR upper bound values are:

	
	Direct near field (DNF)
	Direct far field (DFF)
	Indirect far field (IFF)

	Max SNR, 100MHz Ch BW
	[19.7dB]
	[16.5dB]
	[17.0dB]

	Max SNR, 200MHz Ch BW
	[16.7dB]
	[13.5dB]
	[13.9dB]


Note that these are UE baseband SNR values. The figures used in TS 38.101-4 will be 1dB higher.
Please notice that DFF SNR upper bound values are also applicable to RRM measurement set-up in case noise is transmitted per probe.
7.
Way Forward

RAN4 is asked to agree the following proposals:
· Proposal 1: Demodulation and CSI requirements are specified at the Reference Point
· Proposal 2: An SNR of xdB specified in TS 38.101-4 corresponds to a simulation with (x-1)dB SNR at the UE baseband

· Proposal 3: Noc is specified in TS 38.101-4 as -153dBm/Hz

· Proposal 4: Requirements in TS 38.101-4 are specified with the downlink signal and noise aligned to the Rx beam peak
The predicted testable SNR upper bound values are provided for information.
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