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Introduction
During the NR Rel 18 Workshop, higher order modulation (e.g., 4K QAM in DL, 1K QAM in UL) was proposed as an enhanced NR FWA feature [2], [3], [5]. Higher order modulation could also support higher capability UEs, CPE and IAB, when used for FWA scenarios. The 4096QAM topic was also captured in meeting summary [1] under Enhanced CPE section. A few questions regarding target SINR conditions to allow 4K QAM were raised. This contribution presents CableLabs views on enhancements for NR-FWA, focused on 4K QAM. 

NR FWA Enhancements
Other access technologies background
IEEE 802.11
IEEE 802.11ax supports modulations up to QAM1024 for 802.11ax. IEEE 802.11be, focusing on WLAN indoor and outdoor operation with stationary and pedestrian speed in below 7 GHz frequency bands, enhances 802.11 ax and supports 4K QAM. For example, the latest 802.11be draft [7, Section 36, Table 36-34] specifies 5/6QAM4096, supporting high user throughput short range communications use cases, with a maximum EVM=-38dB (AWGN condition).

Wired Access (DOCSIS)
Data Over Cable Service Interface Specification (DOCSIS) is a telecommunication standard enabling high user data via hybrid coaxial fiber (HFC) systems.  It supports high order modulation to increase data rate capacity. For example, DOCSIS3.1 specifies 4K QAM ([6] Table 46) with SNR (at a modem) = 41dB. 

Both IEEE 802.11 be and DOCSIS target stationary or fixed devices providing high data rate for such devices. To obtain similar or better quality of service (e.g., data rate) compared to existing technologies, NR should support 4096QAM, targeting at the least fixed wireless devices. 

Observation 1
NR FWA could provide competitive user throughput rates, if supporting 4096QAM.

Observation 2
NR should support 4096QAM, providing a similar performance with other similar access technologies.

Challenges and possible mitigation
In order to evaluate the performance of NR FWA based on 4096QAM, we analyze a RMa scenario, using outdoor below the roof with an antenna height =2m and a gNB antenna height=35m. Two propagation subcases are analyzed: LOS and composite LOS/NLOS. The simulation assumptions are shown in Appendix. 
We target the path length (coverage) for two SINR cases: 41 dB (equivalent to 8/9 4K QAM [6]) and 38 dB, (supporting 5/6QAM4096 [7]) for a network load =25/50/75%. In our simulations, we assume 2000m as the mobile cell edge (SINR=-4.5dB under the assumed network interference conditions). 
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	a. RMaLOS
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	b. RMaComp


Figure 1. DL user SINR for 25, 50 and 75% network loads for RMa LOS and RMa Composite (LOS/NLOS) scenarios.
Based on the assumptions used for this simulated scenario, we observe:
· RMaLOS could achieve full cell coverage (cell radius 2000m) for 8/9QAM4096 for an outage =2% and network load=25% or lower.
· RMaLOS could achieve full cell coverage (cell radius 2000m) for 5/6QAM4096 for an outage =2%, a network load of 75% or lower
· RMaLOS could achieve full cell coverage (cell radius 2000m) for 5/6QAM4096 for an outage =1%, a network load up to 25%.
· RMaComp could achieve full cell coverage (cell radius 2000m) for 5/6QAM4096 for an outage =2% and a network load up to 25%.
It should be mentioned:
· That the NR FWA system could operate on 4096QAM rates for higher network loads, if the outage requirements are relaxed.
· The achievable user throughput (8/9QAM4096) under our assumptions is 271Mbps, being comparable with other wired access technologies, for 4 user/beam and 48 active users per cell.
Observation 3
The NR FWA system could operate in LOS conditions, on higher network loads and employing high order QAM4096 rates for network outages of 2%.

Observation 4
The NR FWA system could operate in LOS conditions, on moderate network loads and employing high order QAM4096 rates for network outages of 1%.

Observation 5
The NR FWA system could operate in LOS/NLOS Composite conditions, on light network loads and employing high order QAM4096 rates for network outages of 2%.

Observation 6
An NR FWA system could achieve competitive user throughput rates vs. wired access technologies, when implemented 4096QAM.


Proposal 1
NR RAN shall support 4096QAM.

The actual simulations were based on other non-3GPP access technologies [6], [7] 4096QAM SINR threshold, which in return use different LDPC and coding implementations. A further study item should explore adequate NR LDCP and coding implementations, which may potentially identify lower 4096QAM SINR thresholds.


Proposal 2
Study adequate 4096QAM LDPC coder/decoder implementations targeting more effective  SINR 4096QAM thresholds

Conclusions
We analyzed the benefits and challenges of NR supporting 4096QAM for FWA use case.
Observation 1
NR FWA could provide competitive user throughput rates, if supporting 4096QAM.

Observation 2
NR should support 4096QAM, providing a similar performance with other similar access technologies.

Observation 3
The NR FWA system could operate in LOS conditions, on higher network loads and employing high order QAM4096 rates for network outages of 2%.

Observation 4
The NR FWA system could operate in LOS conditions, on moderate network loads and employing high order QAM4096 rates for network outages of 1%.

Observation 5
The NR FWA system could operate in LOS/NLOS Composite conditions, on light network loads and employing high order QAM4096 rates for network outages of 2%.

Observation 6
An NR FWA system could achieve competitive user throughput rates vs. wired access technologies, when implemented 4096QAM.


Proposal 1
NR RAN shall support 4096QAM.

Proposal 2
Study adequate 4096QAM LDPC coder/decoder implementations targeting more effective  SINR 4096QAM thresholds
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Appendix
A. System and cell assumptions:
	System Input Parameter Name
	Value
	
	Cell
	Value

	System Interference
	19 cells honey-comb model
	
	Outage Probability [%]
	1 or 2

	Cluster of cells PLOS[footnoteRef:1] [1:  PLOS: Probability of Line of Sight] 

	 [19]
	
	Sectors/cell
	3

	Mobile Cell Edge [m]
	2000
	
	gNB rmsEIRP [dBm/10MHz]
	62

	Network traffic load [%] 
	25/50/75
	
	Active users/beam
	4

	Frequency Reuse (FR)
	3
	
	Number of beams per sector
	4

	Number of SLS iterations
	1e5
	
	Active users per cell
	24

	Max Body Loss [dB]
	0
	
	Number of beams/sector
	4

	NLOS small scale fading
	Rayleigh
	
	Central frequency [MHz]
	3700

	LOS small scale fading
	Rice (K=12dB)
	
	Cell edge SINR [dB]
	-4.54

	Propagation scenario
	Outdoor
	
	RF Waveform polarization
	H

	Average street width [m]
	12
	
	NR Band
	n77

	Average building height [m]
	8
	
	MIMOx4 relative EIRP [dB]
	-6


Table 1. System and cell assumptions
B. gNB and CPE assumptions
	gNB
	
	
	CPE
	

	Antenna V electrical tilt [deg]
	-2
	
	Oversampling ratio
	x4

	Cross-Polarized beam
	N/A
	
	Noise Figure [dB]
	6

	DL MIMO rank
	x4
	
	Antenna height, above clutter [m]
	2

	Antenna height, above clutter 
	35
	
	CPE rmsEIRP
	30

	Antenna Array type
	URA
	
	Antenna array type
	UCA

	Antenna sub-arrays
	[1 4] 
	
	Sub-array config
	[1 1]

	Sub-array antenna elements
	[2 8]
	
	Antenna sub-array [antenna elements]
	[4 4]

	Array gain bore-sight [dBi]
	21.7
	
	Array gain (circular coverage)
	19.3

	Array HPBW (-3dB) [deg]
	~12
	
	Array HPBW 0-3dB) [deg]
	360


Table 2. gNB and CPE assumptions
C. PHY assumptions
	PHY

	Duplexing
	TDD
	
	Subcarrier Spacing (SCS)
	30

	TDD specs
	12:1:1
	
	Ch BW [MHz]
	60

	PDCCh syms/slot
	1
	
	PRB
	106

	DMRS syms/slot
	1
	
	Interference Cancellation
	None

	Slots/subframe
	2
	
	Link Adaptation
	Enabled

	Subframe/frame
	10
	
	Subcarrier per PRB
	12


Table 3. PHY and environment assumptions
D. Antenna arrays
	[image: ]
	[image: ]

	a. gNB Multi-beam azimuth pattern
	b. gNB array Elevation pattern


Figure 2. gNB antenna array. Multi-beam azimuth and elevation patterns.
gNB array: 256 AE, 4 sub-arrays, 8x8 AE/subarray, cosine element power: [2.5 2.5], AE spacing [0.5 0.5] l; size y-z [~1300mm ~325] mm, x normal panel
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	a. CPE azimuth steering beam pattern (-20, 0, 20)
	b. CPE elevation pattern


Figure 3. CPE antenna array. Azimuth and elevation patterns.
CPE array: steering beam, 2x8 AE array, cosine element power: [2.5 2.5], AE spacing [0.75 0.75] l; estimated size y-z [422 x  106] mm, x axis normal panel
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