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1. Introduction
During RAN#93 Plenary meeting new work item on 256QAM DL support for frequency range 2 was agreed in [1]. It is observed that there is very high data rate demand in some cases, and huge throughput needs for the backhaul, thus high order modulation of 256QM in frequency range 2 will provide additional benefits. 
In this contribution we discuss and present system level simulations for 256QAM in DL for FR2. 
2. Discussion
In WID [1] objectives for phase 1 of this work item are as follows:
Phase 1:  Continue and complete the feasibility and performance benefit study to identify applicable scenarios
1) Both system and link simulations as well as RF and baseband implementation need to be considered in the Rel-16 evaluation to study the benefits of FR2 DL 256QAM.

2) This phase is planned from RAN4#91 and should end by RAN4#93.

One of the scenarios where 256QAM modulation in FR2 will provide additional benefits is Fixed Wireless Access (FWA) or backhaul in suburban areas. Thus, in this contribution we present system level simulations results for such typical case.    

Figure 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 1. Table 1 provides parameters used in simulations for BS and CPE.
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Figure 1. Simulation layout

Table 1. Simulation parameters

	BS

	Carrier frequency
	28 GHz

	Channel Bandwidth
	800 MHz

	Antenna pattern
	According to [4]

	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 [4]

	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 [2].
Propagation conditions that are assumed in simulations are described in table 2. Path loss channel models used in simulations are described in table 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) [2]

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


Table 2. Assumed propagation conditions

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

UMi SC [3]
	


[2]
	3GPP

UMi SC [3]

	VLOS
	


[2]
	3GPP

UMi SC [3]
	


[2]
	3GPP

UMi SC [3]

	NLOS
	


[2]
	3GPP

UMi SC [3]
	


[2]
	3GPP

UMi SC [3]


Figure 2 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). 
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] 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. Tx and Rx impairments are further discussed in companion contribution [6].
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Figure 2. CDF of DL SINR for 256QAM

Observation 1: Up to 25% of users in assumed scenario have at least 25 dB SINR. which is required to benefit from 256QAM. 
3. Conclusion

In this contribution system level simulation results for FR2 DL 256 QAM have been presented. 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.
Observation 1: Up to 25% of users in assumed scenario have at least 25 dB SINR. which is required to benefit from 256QAM.
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