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Introduction
In RAN1#87, the following agreement on NR network coordination aspects was made [1].

	Agreements:
· For advanced receivers based on network coordination, system-level simulation are encouraged to be evaluated in NR study item
· For system-level simulations, urban macro scenario, dense urban scenario excluding small cells, indoor hotspot scenario, and dense urban scenario including small cells with the same carrier frequency  are encouraged to be evaluated in NR study item
· Simulation assumptions of TR 38.802 can be a starting point 
· FFS whether or not to further update the simulation assumptions
· Details on additional information assumed in evaluations should be provided by each company 
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This contribution provides initial results for coordinated interference cancellation via diagonal transmission based on network coordination related to the agreements.

System level simulation results of coordinated interference cancellation
As for coordinated interference cancellation via diagonal transmission, we provide the following contributions for system-level simulation evaluations. Our companion contribution [3] discusses transmitter and receiver operations of coordinated interference cancellation when diagonal transmission is employed on the TP side. Network coordination aspects for coordinated interference cancellation are discussed in our companion contribution [4]. Physical layer abstraction methods for coordinated interference cancellation based on advanced receivers are discussed for system-level performance evaluations in our companion contribution [5]. Lastly, our companion contribution [6] discusses evaluation assumptions for advanced receivers based on network coordination.
Initial system level simulation (SLS) results are presented in this section. There are 19 hexagonal cells (3 sectors per cell). Each TP/UE is equipped with 2Tx/2Rx cross polarized antennas. The traffic is non-full buffer. Two UEs in two different serving cells are paired for coordinated interference cancellation (CIC) via diagonal transmission based on PF scheduling metrics. The channel model is 3D UMi for the dense urban scenario (single layer) with ISD=200 meters. Detailed evaluation assumptions are provided in Appendix. 
Three schemes (LMMSE-IRC, IAD, and CIC via diagonal transmission) are compared. Tables 1 and 2 provide our preliminary system level simulation results to show the potentially significant gain from coordinated interference cancellation via diagonal transmission. 

	Arrival Rate
	Average UE throughput (Mb/s)
(gain over baseline)
	5% UE throughput (Mb/s)
(gain over baseline)

	
	LMMSE-IRC
(baseline)
	IAD
	CIC via diagonal transmission
	LMMSE-IRC
(baseline)
	IAD
	CIC via diagonal transmission

	0.5
	19.24
	25.32
(31.6%)
	25.63
(33.2%)
	5.19
	11.9
(129.2%)
	13.21
(154.3%)

	1.0
	9.13
	18.13
(98.7%)
	19.25
(111%)
	1.50
	3.41
(128.2%)
	4.14
(176.5%)



Table 1. System-level performance gains of coordinated interference cancellation via diagonal mapping with ranks 1 and 2 open-loop MIMO: UMi with ISD=200 meters.

Observation 1: As for the ranks 1 and 2 open-loop MIMO transmission mode in the dense urban scenario (single layer), coordinated interference cancellation via diagonal transmission provides significant system throughput improvement over LMMSE-IRC and IAD. Our preliminary results show gains of 176.5 percent and 21.2 percent over LMMSE-IRC and IAD, respectively, at the cell edge (5%-tile) under arrival rate of 1.0 (or RU of 24.6~27.7 percent). As for the average UE throughput, gains of 111 percent and 6.2 percent over LMMSE-IRC and IAD, respectively, are shown under the same arrival rate.

	Arrival Rate
	Average UE throughput (Mb/s)
(gain over baseline)
	5% UE throughput (Mb/s)
(gain over baseline)

	
	LMMSE-IRC
(baseline)
	IAD
	CIC via diagonal transmission
	LMMSE-IRC
(baseline)
	IAD
	CIC via diagonal transmission

	0.5
	19.65
	25.49
(29.7%)
	26.08
(32.7%)
	6.36
	12.78
(100.9%)
	13.98
(119.8%)

	1.0
	11.05
	19.18
(73.6%)
	20.03
(81.3%)
	2.03
	4.42
(117.5%)
	5.09
(150.5%)



Table 2. System-level performance gains of coordinated interference cancellation via diagonal mapping with ranks 1 and 2 closed-loop MIMO: UMi with ISD=200 meters.

Based on the above discussion, the following observation and proposal are made:

Observation 2: As for the ranks 1 and 2 closed-loop MIMO transmission mode in the dense urban scenario (single layer), coordinated interference cancellation via diagonal transmission provides significant system throughput improvement over LMMSE-IRC and IAD. Our preliminary results show gains of 150.5 percent and 15.2 percent over LMMSE-IRC and IAD, respectively, at the cell edge (5%-tile) under arrival rate of 1.0 (or RU of 22.2~23.6 percent). As for the average UE throughput, gains of 81.3 percent and 4.4 percent over LMMSE-IRC and IAD, respectively, are shown under the same areal throughput.

Proposal 1: Codeword-level advanced receivers based on network coordination such as coordinated interference cancellation via diagonal transmission should be supported in NR.

Conclusion
Inter-cell interference management is an essential aspect of NR in order to achieve high system throughput. This contribution provides initial evaluation results on coordinated interference cancellation via diagonal transmission. 

Observation 1: As for the ranks 1 and 2 open-loop MIMO transmission mode in the dense urban scenario (single layer), coordinated interference cancellation via diagonal transmission provides significant system throughput improvement over LMMSE-IRC and IAD. Our preliminary results show gains of 176.5 percent and 21.2 percent over LMMSE-IRC and IAD, respectively, at the cell edge (5%-tile) under arrival rate of 1.0 (or RU of 24.6~27.7 percent). As for the average UE throughput, gains of 111 percent and 6.2 percent over LMMSE-IRC and IAD, respectively, are shown under the same arrival rate.
Observation 2: As for the ranks 1 and 2 closed-loop MIMO transmission mode in the dense urban scenario (single layer), coordinated interference cancellation via diagonal transmission provides significant system throughput improvement over LMMSE-IRC and IAD. Our preliminary results show gains of 150.5 percent and 15.2 percent over LMMSE-IRC and IAD, respectively, at the cell edge (5%-tile) under arrival rate of 1.0 (or RU of 22.2~23.6 percent). As for the average UE throughput, gains of 81.3 percent and 4.4 percent over LMMSE-IRC and IAD, respectively, are shown under the same areal throughput.
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Appendix
Table 3: Parameters of system-level simulation evaluations for coordinated interference cancellation

	Parameters
	Dense urban 
(Single layer)

	Carrier frequency
	Macro layer: 4GHz

	Subcarrier spacing
	15kHz

	System Bandwidth
	20MHz

	Layout
	Macro Layer: Hexagonal grid, 3 sectors per site, 19 macro sites

	ISD
	Macro layer: 200m

	Minimum distances
	35m for macro cells and 5m for micro cells

	Channel model
	3D UMa (Macro layer) and 3D UMi (Micro layer)

	TP Tx power
	44dBm/20MHz

	TP antenna configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1)
 (dH,dV) = (0.5, 0.8)λ.

	TP antenna pattern
	According to TR 36.873

	TP antenna height
	25m for macro cells and 10m for micro cells

	UE antenna configuration
	Cross Pol (-45/45 degree)

	UE antenna pattern
	Omnidirectional

	UE antenna height
	follow 38.802

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	UE Dropping
	indoor UE 80%, outdoor UE 20%

	UE speed
	3km/h

	UE receiver
	   Baseline for calibration purpose : MMSE-IRC
Codeword-level interference-aware receiver

	Association of UE to TP
	Baseline: RSRP for intra-frequency

	Transmission scheme
	closed-loop rank 1 and 2 SU-MIMO with rank adaptation, open-loop rank 1 and 2 SU-MIMO with rank adaptation

	Coordination cluster size for ideal backhaul
	Depending on one dominant interferer on the UE side

	Coordinated TP measurement set size
	Size of one TP measurement, but semi-static

	Feedback assumption
	Non-ideal CSI-RS/IMR channel/interference estimation (# of CSI ports = 2)

	Traffic model
	Non full buffer FTP traffic model 1/3, S = 0.1Mbytes (optional) or 0.5Mbytes

	Traffic load (Resource utilization)
	20%

	RS modelling
	Realistic

	Channel estimation
	Realistic

	Overhead modelling
	Realistic

	Handover margin
	3dB

	Backhaul link delay
	0ms

	Coordination assumptions
	Complexity of coordination / information exchange shall be taken into account





