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1 Background
The system level simulation results for the feasibility study for FR2 DL 256QAM have been provided in contribution [1][2]. According to the discussion before on this topic, only few companies were interested in the study for system level simulation. So in our understanding, system simulation is targeted as supplementary for link simulation to further confirm the scenario that FR2 256QAM is applicable. Given we have already at least identified the scenario of IAB, in which FR2 256QAM is intended to be deployed, so it is not necessary to extend the search or other potential feasible scenarios, because we usually define a common requirement e.g. EVM with scenario agnostic.
So based on this background we realized, this contribution provides a TP for all the system level simulation results input in both Rel-15 and Rel-16.
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5.2.x
System level simulation results

System simulation is targeted as supplementary for link level simulation to further confirm the scenario that FR2 256QAM is applicable. The simulation results from companies are listed as below and corresponding assumptions are captured in Annex A. 

5.2.x.1
Results from company A

The simulation results and proposals are based on contribution [5.2.x-1]

Figure 5.2.x.1-1 to 5.2.x.1-4 show the SINR CDF by a range of tx EVM for different modulation orders. On the right of SINR CDF are the corresponding curves for throughput loss versus tx EVM values.
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Figure 5.2.x.1-1: SINR CDF and throughput loss versus BS tx EVM for QPSK
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Figure 5.2.x.1-2: SINR CDF and throughput loss versus BS tx EVM for 16QAM
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Figure 5.2.x.1-3: SINR CDF and throughput loss versus BS tx EVM for 64QAM
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Figure 5.2.x.1-4: SINR CDF and throughput loss versus BS tx EVM for 256QAM

It can be observed from the SINR CDF that the receiving SINR will be improved when the tx EVM requirement becomes more tighter. However it seems difficult to find a trade-off Tx EVM value since the SINR improvement looks like being averaged across the tx EVM values. Thus we map the SINR CDF to throughput to quantize the improvement to SINR for different tx EVM values. It is worth to note that there is little difference for the throughput loss baseline when EVM is lowest value in the certain given range or 0%.

For the series of modulation orders, the figures show more stringent requirement is needed to meet the 5% throughput loss threshold, however by considering the feasibility and LTE requirement as baseline, and also a little margin for degradation due to phase noise, it is proposed to reuse LTE UE BS EVM requirement for QPSK, 16QAM, 64QAM and 256QAM modulation orders for NR.

5.2.x.2
Results from company B

The simulation results and proposals are based on contribution [5.2.x-2]

Figure 5.2.x.2-1 presents CDF of DL SINR results for two configurations:

· BS with 16x8 antenna array and total Tx power of 31dBm; UE with 1x1 antenna (blue curve),

· BS with 16x8 antenna array and total Tx power of 31dBm; UE with 2x2 antenna array (red curve). 
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Figure 5.2.x.2-1 CDF of DL SINR for 256QAM
It can be observed that for the first configuration (UE 1x1) the SINR equal or higher than 25dB is obtained for 15% of the best DL links, whereas SINR equal or higher than 28dB is obtained for 10% of the best DL links. In case of second configuration (UE 2x2) the same levels of SINR are accessible for 24% and 16% of the best DL links, respectively.

According to studies presented in [5.2.x-3] the SINR of 25dB at the receiver is required to ensure sufficent link quality for 256QAM modulation, the results of presented simulation study indicate that up to 25 % of users in assumed scenario will benefit from higher DL data rate, given that other Tx and Rx impairments have limited impact.
It was observed that in fixed wireless access scenario up to 25% of the users are in propagation conditions which enable benefits from 256 QAM.
<Next section>
Annex <A> (informative):
System level simulation assumptions

A.1 Assumptions from company A

According to the approved WF in [A-1], the system simulation assumptions for mmWave were agreed as following
· The assumptions agreed for UE in [A-2] can be used as a reference for urban macro scenario
The simulation methodology for EVM model and simulation metrics are as follows.

EVM model

· The tx EVM is modeled corresponding to the MCS by adding a certain white noise to the transmitter, and the white noise follows the distribution as
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Simulation metrics

The simulation results are for SINR statistics at the UE side, of which the interference is consisted by own system co-channel interference. Considering the co-channel interference variation with tx EVM, the tx EVM requirement shall be determined by comparing SINR degradation across a range of EVM values. Further, the SINR degradation for the certain EVM can be quantized by mapping to the corresponding throughput loss to evaluate the system performance more directly. 
A.2 Assumptions from company B
Figure A.2-1 presents simulation layout in suburban area with single-storey or double-storey buildings and vegetation with area of 700m x 600m, consist of 16 blocks with 20 buildings each. For each block two sectors BS is used, with one sector per 10 buildings. There is assumption that 90% of buildings have outside CPEs, and 10% of buildings closest to BS use inside CPEs. Geometry and details are presented in figure A.2-1. Table A.2-1 provides parameters used in simulations for BS and CPE.

[image: image11]
Figure A.2-1. Simulation layout

Table A.2-1. Simulation parameters

	BS

	Carrier frequency
	28 GHz

	Channel Bandwidth
	800 MHz

	Antenna pattern
	According to [A-3]

	Gain of antenna element
	6 dBi

	Antenna array (H × V)
	16x8

	Tx power (without loss) / polarization
	31 dBm

	Height of antenna
	8 m

	CPE

	UE density
	1 UE / sector

	Antenna pattern
	According to [A-3]

	Gain of antenna element
	6 dBi

	Antenna array (H × V)
	1x1 / 2x2

	Height of antenna
	1,5 m

	Orientation in horizontal plane 
	Towards BS

	Orientation in vertical plane
	Towards BS

	Noise Factor
	9 dB


As 3GPP TR 38.901 does not specify channel model for suburban area, the 3GPP UMi Street Canyon model has been used, with modification of path loss and angular spread characteristics according to measurement campaign performed in real suburban campaign in 28 GHz frequency band [A-4].

Propagation conditions that are assumed in simulations are described in table A.2-2. Path loss channel models used in simulations are described in table A.2-3.

	BS – CPE separation in 2D
	Conditions
	Note

	Up to 20 m
	LOS/Indoor
	BS and CPE on the same street. All LOS CPEs are Indoor

	Beyond 20 m
	VLOS/Outdoor
	BS and CPE on the same street. LOS with Vegetation (VLOS) [A-4]

	Different street
	NLOS/Outdoor
	BS and CPE on different streets.


Table A.2-2. Assumed propagation conditions

Table A.2-3. Path loss channel model according to [A-4]

	Propagation conditions
	Path loss [dB] 

(d [m]: distance between BS and CPE)
	Standard deviation [dB]

	LOS
	61,4 + 24,0 · log10(d)
	4,2

	VLOS
	45,1 + 40,6 · log10(d)
	6,4

	NLOS
	80,3 + 31,3 · log10(d)
	4,8

	O2I
	15,1
	2,5


Angular spread models for departure and arrival (Azimuth Spread of Departure (ASD); Zenith Spread of Departure (ZSD); Azimuth Spread of Arrival (ASA); Zenith Spread of Arrival (ZSA)) used in simulations are presented in table A.2-4.

Table A.2-4. Angular spread model for departure and arrival
	Propagation conditions
	log10

(ASD/1º)
	log10

(ZSD/1º)
	log10

(ASA/1º)
	log10

(ZSA/1º)

	LOS
	3GPP

UMi SC [A-5]
	3GPP

UMi SC [A-5]
	


[A-4]
	3GPP

UMi SC [A-5]

	VLOS
	


[A-4]
	3GPP

UMi SC [A-5]
	


[A-4]
	3GPP

UMi SC [A-5]

	NLOS
	


[A-4]
	3GPP

UMi SC [A-5]
	


[A-4]
	3GPP

UMi SC [A-5]
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