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1	Introduction
Traffic models for NOMA traffic have not been studied in much detail in RAN1. We therefore perform some simple analysis of the ITU density requirements for 5G mMTC together with traffic models from earlier cellular IoT evaluations to gain some insight on how mMTC traffic might behave in NOMA applications. In particular, we discuss the loads and levels of multiplexing that can be expected based on the ITU requirements on device density and traffic-models used for cellular IoT. 
This paper is a resubmission of R1-1811541.
[bookmark: _Ref178064866]2	Discussion
In the ITU requirements for evaluation of the mMTC scenario a minimum requirement for connection density is  devices per (section 4.8 of [1]). With a rural Hexagonal grid with ISD = 1732m, thereby an area of 0.866 and independent uniform distribution of devices, the number of devices per sector, , is  where the mean  and the standard deviation . Thus, the most loaded sectors are insignificantly higher loaded than the average sector in terms of devices. The 99% percentile most loaded sector has , as shown in in the cumulative illustration in Figure 1.
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[bookmark: _Ref510625711]Figure 1	Distribution of number of devices per Hexagonal sector with  and an average user density of 
Observation: Uniform device density on mMTC ITU requirement level result in practically same number of devices in all sectors of a homogenous deployment scenario.
Following the Mobile Autonomous Reporting (MAR) periodic reports traffic-model for Cellular IoT in Annex E.2.1 of [2], with a uniform distribution of device-reporting timing-offsets, the number of packets arriving from devices with a reporting rate of  in an interval  (shorter than the reporting periodicity), given a number of  devices in a sector with this reporting rate, is , where 
	
	
	[bookmark: average_arrival](1)


With 40%, 40%, 15%, and 5% of devices reporting with rates 1, 12, 24 and 48 times a day, respectively, as in Annex E.2.1 of [2], and the high density of devices as in the ITU requirement and low variability of total number of devices between sectors in comparison to the average . The approximation  is decent. Again the variation around the mean is very small. So, with  using the mean values of  and  we in Table 1 list the mean packet arrival numbers for  and . With the weighted mean user packet frequency ,   , and  we can also approximate the total number of packets on average per sector and time period using Eq. (1) resulting in values in the rightmost column of Table 1.
[bookmark: _Ref510767847][bookmark: _Ref510688588]Table 1	Mean number of report arrivals , Eq. (1), within time-period 
	Reporting frequency 
	1 report/day
	12 reports/day
(every 2 hours)
	24 reports/day
(every hour)
	48 reports/day
(every 30 min)
	11.2 reports/day

	Device fraction 
	
	
	
	
	

	
	
	
	
	
	0.112

	
	
	
	
	
	1.12


Looking at the cumulative distribution of the number of packet arrivals in Figure 2, we find there are very few multiplexing opportunities for packets arriving during 1ms: only about 0.6% of the time do one or more packets occur in the same subframe. During a  time frame there is a 30% chance of more than 1 packet arrival among the devices in a sector and less than 1% chance of more than 4 packets. If the mMTC opportunities are reduced to every 100ms, more packets need to be multiplexed.
[image: ]
[bookmark: _Ref510768078]Figure 2	Probabilities that more than  number of packets arrive in a time interval  with Cellular IoT traffic model and  (rightmost column of Table 1). Order magnitude shift of  is equivalent to corresponding shift of device density or reporting frequency.
Since the Poisson parameter scales linearly with the packet frequency and user density we expect that traffic intensity will have to increase by an order of magnitude over the traffic model of 45.820 and ITU requirements to have a significant amount of even 2 user multiplexing opportunities.  If the connection density is increased by 10, then this corresponds to 10 UEs per square meter.  If instead the reporting frequency or packet size is increased, then the assumptions about the underlying smart traffic characteristic and use case may be incorrect.  Greater multiplexing opportunities could also be had if NOMA were scheduled periodically.  However, if only a few PRBs are used for NOMA transmission, then periodic NOMA scheduling would use even less UL resource, and so even substantial NOMA capacity gains may result in only a small net gain.
We therefore make the following observation and proposal
Observations:
· Current mMTC traffic models and ITU density requirement offer virtually no pairing opportunities (<1% of subframes). 
· Very large connection densities (or more) are required to have significant opportunities for even 2 user pairing.
· It is unclear that such a high connection density is realistic
· Higher reporting frequency or packet sizes may not be relevant to the traffic model or mMTC use case.
Proposal:
· Further study traffic parameters (such as connection densities, arrival rates, and packet sizes) that are both realistic in mMTC traffic models and use cases and that have suitable pairing probabilities for NOMA study.
3	Conclusion
We performed a simple analysis of the ITU density requirements for 5G mMTC together with traffic models used in cellular IoT evaluations, finding that limited system-level NoMA gains can be expected under those models. We made the following observations which led to the proposal below:
Observations:
· Current mMTC traffic models and ITU density requirement offer virtually no pairing opportunities (<1% of subframes). 
· Very large connection densities (or more) are required to have significant opportunities for even 2 user pairing.
· It is unclear that such a high connection density is realistic
· Higher reporting frequency or packet sizes may not be relevant to the traffic model or mMTC use case.
Proposal:
· Further study traffic parameters (such as connection densities, arrival rates, and packet sizes) that are both realistic in mMTC traffic models and use cases and that have suitable pairing probabilities for NOMA study.
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