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1 [bookmark: _GoBack]Introduction
In RAN1#82, the following agreement on traffic model  was agreed  for  MuST [1]:

Agreements:
· Adopt the following option for the traffic model in system-level evaluation:
· FTP traffic model 1 with 
· Packet size of 0.1 Mbytes for resource utilization of 60%, 80% and 90%, and
· Packet size of 0.5 Mbytes for resource utilization of 60%
· Statistics of the number of UEs simultaneously scheduled in a subframe should be reported
· Duration of the simulation should also be reported in terms of the number of subframes

In this contribution, we show simulation results with 0.1Mbytes packet size and discuss the feasibility of using results at 80% and 90% of resource utilization. 
Simulation Results with 0.1Mbyte Packet Size
RAN1 never used results at 80% and 90% of resource utilization (RU) for system performance evaluation before. It is well understood that the system can be unstable at high RUs.  To understand the system behavior at or above 80% of resource utilization for 100kBytes packet size, we have conducted system simulations with a 2x2 antenna configuration. The details of the simulation assumption can be found in the Appendix. 
Table 1shows the resource utilization vs. offered traffic for both OMA and NOMA [2]  in a 2x2 antenna setup.   It can be seen that the 70% and 80% RU occur at about 0.9bps/Hz/cell  and 0.95 bps/Hz/cell offered traffic, respectively.   
[bookmark: _Ref430904676]Table 1: Resource utilization at different offered traffic: 2x2 antenna configuration
	

	Offered Traffic (bps/Hz/cell)

	
	0.8
	0.825
	0.85
	0.875
	0.9
	0.925
	0.95
	1.0

	OMA
	0.55433
	0.60263
	0.63017
	0.66916
	0.70816
	0.75322
	0.78323
	0.83873

	NOMA
	0.55267
	0.57904
	0.63466
	0.64928
	0.68786
	0.73812
	0.76788
	0.83302



Table 2 shows the served vs. offered traffic ratio at different offered traffic loads. It can be seen that even at 1.0bps/Hz/cell offered traffic load, which corresponds to about 83% of RU,  there are still over 95% of the packets getting delivered. 
Table 2: Served to offered traffic ratio
	

	Offered Traffic (bps/Hz/cell)

	
	0.8
	0.825
	0.85
	0.875
	0.9
	0.925
	0.95
	1.0

	OMA
	100.00%
	99.11%
	99.28%
	98.46%
	98.01%
	97.86%
	96.14%
	94.38%

	NOMA
	99.49%
	99.40%
	98.94%
	98.99%
	98.94%
	97.86%
	97.16%
	95.37%




Figure 1 to Figure 3 show the number of active UEs in the system over time with 0.8, 0.9 and 0.95 bps/Hz/cell offered traffic loads , respectively.  From Figure 1, it can be seen that the number of active UEs are stabilized after 2000 subframes for both OMA and NOMA, and the numbers stayed within a range afterwards.  This corresponds to a stable system. In this case, the resource utilization is about 55% for both OMA and NOMA.
Similar behaviour is observed for NOMA in Figure 2. However, the number of active UEs for OMA are slowly increasing over time, which indicates that the system is likely at the edge of instability for OMA at about 70% of RU.
At about 80% of RU, the number of active UEs for both OMA and NOMA keep increasing overtime as shown in Figure 3.  The system is clearly unstable. 
Observations:  
· Served to offered traffic ratio is not a good indicator of system stability. The served to offered traffic ratio can still be more than 95% when a system is actually unstable 
· 70% of RU seems to represent  the upper limit of a stable system with FTP traffic model -1 even for 100kBytes packet size.   The system can become unstable at >70% of RU

[image: ]
[bookmark: _Ref430904095]Figure 1.  The number of active UEs  in the system  overtime (  offered traffic = 0.8bps/Hz/cell, corresponding to about 55% RU)
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Figure 2. The number of active UEs  in the system  overtime (  offered traffic = 0.9bps/Hz/cell, corresponding to about 70% RU)
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[bookmark: _Ref430902506]Figure 3. The number of active UEs  in the system  overtime (  offered traffic = 0.95bps/Hz/cell, corresponding to about 80% RU)

Conclusion
In this contribution, we have shown the system behaviours at various resource utilization levels with FTP traffic model-1 and with 100kBytes packet size.  We have the following observation:
Observations:  
· Served to offered traffic ratio is not a good indicator of system stability. The served to offered traffic ratio can still be more than 95% when a system is actually unstable 
· 70% of RU seems to represent  the upper limit of a stable system with FTP traffic model-1 even for 100kBytes packet size.   The system can become unstable at >70% of RU
Based the above observations, we have the following proposals:
 Proposals:
· System evaluation for MUST should not consider  greater than 70% of resource utilization
· Drop the 80% and 90% RU from the system evaluation options 
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Appendix: 
Simulation Assumptions:
	Carrier frequency 
	2 GHz 

	Bandwidth 
	10 MHz 

	Scenarios 
	3GPP MUST homogeneous scenario

	Cell layout 
	19 sites, 3 sectors per site 

	Wrapping 
	Geographical distance based 

	BS antenna
	2Tx, cross-polarized, 17dBi, 12deg downtilt

	UE antenna
	2Rx, cross-polarized, omni

	UE receiver 
	Far UE: MMSE-IRC 
Near UE: ideal interference cancellation

	OMA Scheduling 
	Wideband (i.e. proportional fair in time) SU-MIMO

	NOMA Scheduling
	· Wideband
· Limited to two UEs in pairing, each with rank 1, same PMI Scheduling metric:  multi-user PF
· Power ratios: [0.95 0.90 0.85 0.8 0.75 0.7]  for far UE

	PMI/CQI  feedback mode 
	Mode 3-1

	Link adaptation
	Ideal

	Outer loop LA 
	OFF

	Traffic model 
	FTP Model-1: 100KB packet size, total 5000 UEs

	UE speed 
	3 km/h 

	Codebook 
	Rel.10 2Tx 
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