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1.
Introduction

At RAN4#52 in Shenzhen R4-093178 [2] was presented, which showed that imperfect flatness of signal and AWGN caused a change in the SNR required for a specific Throughput. The change in SNR was quantified as performance loss, with simulation results provided for 64QAM, and it was agreed in principle that it should be taken into account when RAN5 determine the test tolerances for demodulation tests.
The results in [2] showed a significant effect for 64QAM modulation, with the wanted signal and the noise both subject to the same ripple across the channel bandwidth. It was agreed that other scenarios should be explored to quantify the effect. This Tdoc proposes a set of scenarios (simulation assumptions) so that companies can provide simulation results for demodulation performance loss.
2.
Background
The table below gives relevant uncertainty parameters for the test equipment, as proposed in [3] and reproduced in [2]. The uncertainties under study here are shown in yellow highlight, and the question to be answered is what effect these test equipment uncertainties have on the test result (the sensitivity factors).     

Table A: Proposed parameters and uncertainties for Group A tests

	
	Parameter
	Unit
	Value 
	Uncertainty

	
	AWGN Bandwidth
	MHz
	≥ 1.08, 2.7, 4.5, 9, 13.5, 18

NRB x 180kHz according to BWConfig

	
	AWGN absolute power uncertainty, averaged over BWConfig

	dB
	As per test
	[+/-3]

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

	dB
	-
	[+/-2]

	
	[AWGN flatness and signal flatness, max difference between adjacent Resource Blocks]
	dB
	-
	[+/-0.5]

	
	AWGN peak to average ratio
	
	≥10 dB @0.001%

	
	Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	dB
	As per test
	[+/-0.3]

	
	Signal-to noise ratio variation for any resource block, relative to average over downlink transmission Bandwidth
	dB
	-
	[+/-FFS]


3. Rationale for choosing scenarios
Starting with scenarios and results given in R4-093178 [2], the following steps were taken:

Step 1: Using the information given in [2], the scenario and results tables have been combined, and new columns added for AWGN ripple and signal ripple. In general the results for 64QAM do not vary very much with Channel bandwidth or Propagation model, so for future simulations using 64QAM we propose to choose just the two scenarios that gave the largest and smallest effect. They are highlighted in green.

	Scenario
	Description
	Ref. Chan
	Propagation model
	Ant. Corre-lation
	Verification point
	AWGN

ripple
	Signal

ripple
	Perform-ance loss [dB]

	1.8
	1x2 64QAM 3/4 10MHz
	R.7
	EVA5
	Low
	70% tp
	(2.5 dB
	(2.5 dB
	0.7

	1.9
	1x2 64QAM 3/4 10MHz
	R.7
	ETU70
	Low
	70% tp
	(2.5 dB
	(2.5 dB
	0.6

	1.10
	1x2 64QAM 3/4 10MHz
	R.7
	EVA5
	High
	70% tp
	(2.5 dB
	(2.5 dB
	0.7

	2.2
	1x2 64QAM 3/4 3MHz
	R.5
	EVA5
	Low
	70% tp
	(2.5 dB
	(2.5 dB
	0.7

	2.3
	1x2 64QAM 3/4 5MHz
	R.6
	EVA5
	Low
	70% tp
	(2.5 dB
	(2.5 dB
	0.8

	2.4
	1x2 64QAM 3/4 15MHz
	R.8
	EVA5
	Low
	70% tp
	(2.5 dB
	(2.5 dB
	0.8

	2.5
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	(2.5 dB
	(2.5 dB
	0.6


Step 2: The following rationale is suggested for choosing future simulations:

a) The 64QAM scenarios are restricted to two chosen from previous simulations in [2], to reduce the number of simulations giving similar results.
b) 16QAM and QPSK scenarios are added to determine the effect of modulation order. Two scenarios of each modulation order have been chosen.
c) The selection is made to include all Propagation models at least once.
d) The selection is made to cover the range of channel bandwidths from 1.4MHz to 20MHz, although some specific values such as 3MHz and 15MHz are not included.
e) Scenarios with 1 PRB in section 2.3 have not been included because they are already tightly constrained by the +/-0.3dB.requirement on Signal-to-noise ratio uncertainty, averaged over (1PRB) downlink transmission Bandwidth.
f) The Maximum ripple is changed to +/-2dB, to align with the recommendations in [3]. Any significant nonlinearity will be shown by comparing with earlier results from [2]

g) The Maximum difference between two consecutive resource blocks is changed to +/-0.5 dB, to align with the recommendations in [3].
h) A scenario is added where the AWGN has ripple but the signal is flat, and another scenario where the AWGN is flat but the signal has ripple. This will establish whether a specification on “Signal to noise ratio variation for any resource block” is necessary. 
Step 3: Scenarios are chosen from those covered in the demodulation Framework document [4]. For initial simulations we have considered SIMO tests from sections 2.1 and 2.2, and made selections following a) to e) above. Relevant tables are extracted from [4] and the selections shown in green highlight: 
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	1.1
	1x2 QPSK 1/3 10MHz
	R.2
	EVA5
	Low
	70% tp

	1.2
	1x2 QPSK 1/3 10MHz
	R.2
	ETU70
	Low
	70% tp

	1.3
	1x2 QPSK 1/3 10MHz
	R.2
	ETU300
	Low
	70% tp

	1.4
	1x2 QPSK 1/3 10MHz
	R.2
	HS-train
	Low
	70% tp

	1.5
	1x2 16QAM 1/2 10MHz
	R.3
	EVA5
	Low
	70% tp

	1.6
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp

	1.7
	1x2 16QAM 1/2 10MHz
	R.3
	ETU300
	high
	70% tp

	1.8
	1x2 64QAM 3/4 10MHz
	R.7
	EVA5
	Low
	70% tp

	1.9
	1x2 64QAM 3/4 10MHz
	R.7
	ETU70
	Low
	70% tp

	1.10
	1x2 64QAM 3/4 10MHz
	R.7
	EVA5
	High
	70% tp


	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	2.1
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp

	2.2
	1x2 64QAM 3/4 3MHz
	R.5
	EVA5
	Low
	70% tp

	2.3
	1x2 64QAM 3/4 5MHz
	R.6
	EVA5
	Low
	70% tp

	2.4
	1x2 64QAM 3/4 15MHz
	R.8
	EVA5
	Low
	70% tp

	2.5
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp


	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	3.1
	1x2 16QAM 1/2 3MHz 1PRB
	R.0
	ETU70
	Low
	30% tp

	3.2
	1x2 16QAM 1/2 10MHz 1PRB
	R.1
	ETU70
	Low
	30% tp

	3.3
	1x2 16QAM 1/2 20MHz 1PRB
	R.1
	ETU70
	Low
	30% tp


Step 4: The selected scenarios are then distilled into a smaller table, and new columns are added to include the AWGN ripple and the signal ripple to follow f) g) and h) above.
One scenario of each modulation type is chosen, and scenarios 1.6a, 1.6b, 2.1a, 2.1b, 2.5a, 2.5b are added to explore the effect of AWGN and Signal ripple not tracking. 

The final table resulting from this is shown in section 4 below.

4. Summary of chosen scenarios

After implementing steps 1) to 4) a total of 12 scenarios are proposed:

	Scenario
	Description
	Ref. Chan
	Propagation model
	Ant. Corre-lation
	Verification point
	AWGN

ripple
	Signal

ripple
	Perform-ance loss [dB]

	1.4
	1x2 QPSK 1/3 10MHz
	R.2
	HS-train
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	

	1.6
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp
	(2.0 dB
	(2.0 dB
	

	1.6a
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp
	(2.0 dB
	flat
	

	1.6b
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp
	flat
	(2.0 dB
	

	1.7
	1x2 16QAM 1/2 10MHz
	R.3
	ETU300
	high
	70% tp
	(2.0 dB
	(2.0 dB
	

	2.1
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	

	2.1a
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	(2.0 dB
	flat
	

	2.1b
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	flat
	(2.0 dB
	

	2.3
	1x2 64QAM 3/4 5MHz
	R.6
	EVA5
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	

	2.5
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	

	2.5a
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	(2.0 dB
	flat
	

	2.5b
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	flat
	(2.0 dB
	

	Note 1: Where both AWGN and signal are shown with ripple, both are passed through the same filter and therefore track. Where only AWGN or signal is shown with ripple, it is passed through the filter and the other is flat. 

Note 2: Reference Channels, Propagation models and correlation are defined in 36.101

Note 3: Original unmodified demodulation scenarios “x.y” were defined in R4-090188.


In all cases the Performance loss is a figure in dB, relative to the SNR required to meet the stated % Throughput with flat AWGN and flat wanted signal.

The Performance loss figures can then be used to determine “sensitivity factors” for RAN5. A sensitivity factor is simply the ratio (effect on the test result in dB) / (size of test equipment uncertainty in dB). The concept is familiar to RAN5 and is widely used in determining WCDMA RRM Test Tolerances.
5. Filter response

The original filter used to generate the ripple in R4-093178 [2] was defined as per the following extract:

The fluctuations in the AWGN and user signal are modeled by feeding both signals through a normalized FIR filter with a sinusoidal frequency response. The properties of this filter are as follows:

· Tap amplitudes: [0.9485, 0, 0, 0.3162]

· Periodicity of the sinusoidal response: 28 resource blocks

· Maximum ripple: (2.5 dB

· Maximum difference between two consecutive resource blocks: 0.7 dB. 

The simulation assumptions in section 4 of this document differ slightly from those in R4-093178 [2], so the filter for simulations needs to be modified to align with the proposed ripple values.
Following discussion on the RAN4 e-mail reflector, the revised FIR filter characteristics below were agreed, and are fully documented in R4-093673 [5]:
Bandwidth   Tap configuration [h(0) h(1) h(2) ..]

1.4MHz         [0.0032  0.0012  0.0621  0.9324  0.0621  0.0012  0.0032]
5MHz            [1.0066  0  0.2280]

10MHz          [0.9509  0  0  0  0.2154]
20MHz          [0.9638  0  0  0  0  0  0  0  0.2183]

The properties of these revised filters are:

Bandwidth   Ripple   Difference       

1.4MHz         1.4 dB   0.59 dB

5MHz            4.0 dB   0.58 dB

10MHz          4.0 dB   0.58 dB

20MHz          4.0 dB   0.58 dB

The ripple is the difference between the minimum and maximum gain within the configured bandwidth and the difference is the maximum difference between two adjacent resource blocks.

The ripple is hence set to the maximum value allowed of +/-2dB, except for the 1.4 MHz bandwidth where the maximum ripple cannot be reached due to the limitation for the RB to RB gain difference. The maximum gain difference is slightly higher than the allowance of 0.5 dB. All filters are normalized to unit power in order to avoid any SNR scaling.
6. Recommendations

· Agree the scenarios and filters defined in sections 4 and 5 of this document
· Use the agreed scenarios and filters to obtain results for Performance loss
· Analyse Performance loss results to determine suitable sensitivity factors for Test Tolerances
· Determine next steps for other requirements such as MIMO, CSI…  
Depending on the outcome, it is possible that some steps may be iterative.  
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