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1. Introduction
During the previous meetings, RAN1 discuss on the evaluation assumptions for MA schemes considering different use cases and target KPIs. In RAN1#85, the characteristics of contention based UL transmission and main issues were discussed and agreed as follows [1]:

Agreements:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration

· Case 2: Realistic open-loop power control with certain alpha and P0 values

· Case 3: Close-loop power control

· Receiver impact

 “Autonomous/grant-free/contention based UL non-orthogonal multiple access” is called as contention based UL or contention based MA for short in this document. Traffic model and system level simulation methodologies for evaluation of contention based MA are proposed in the following. 
2. Discussion
In order to satisfy challenging KPIs of each use cases, several NoMA(Non Orthogonal Multiple Access) schemes are proposed. The philosophy of NoMA is to multiplex more UEs than orthogonal resources with the use of non-orthogonal (or quasi-orthogonal) resources for various purposes: to achieve massive connectivity and/or high spectral efficiency. In addition, in order to obtain control signaling overhead, latency reduction and power efficiency, contention based NoMA is considered. Unlike the conventional scheduling based access, dynamic and explicit scheduling grant from eNB is not expected for contention based UL, and multiple UEs can share the same time and frequency resources. 
Target use cases for the contention based NoMA we consider is the case as follows and it should be focused on the autonomous transmission for small data payload size only:
· mMTC to support massive connectivity/control signalling overhead saving/batter power efficiency

· eMBB for small data packet transmission like TCP ACK/NACK

· URLLC for latency reduction for small data packet transmission as long as the ultra-reliability is guaranteed

In the previous meetings, most of evaluation assumptions for MA are agreed upon, however, evaluation methodologies and traffic models are not yet decided for evaluation of contention based NoMA schemes. 

2.1. Issus on the existing NB-IoT traffic model 

There was some discussion on reuse of traffic model defined in NB IoT[2] for general mMTC traffic. The traffic model in NB IoT is defined as in table below.   

Table E.2-1: MAR periodic UL reporting traffic model[2]
	Characteristic
	

	Application payload size distribution
	Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.

	Periodic inter-arrival time
	Split of inter-arrival time periodicity for MAR periodic is:  1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)


As seen in the table above, the traffic model assumes periodic inter-arrival time, i.e. 1day, 2hours, 1hours and 30minuites, which are rather fitted to scheduled mode due to the periodicity of data packet arrival. In other words, periodic data packet arrival cannot be expected in contention based mode. In addition, it is not that easy to run the system level simulation due to quite large time scale (one day/2hour/1hour/0.5hour) of the above traffic model. Therefore, a new traffic model for contention based MA should be defined newly defined in NR.
2.2. Proposed traffic model and simulation methodologies contention based NoMA
In the following, we propose a traffic model for contention based MA targeting small payload transmission in UL. 
Due to the randomness of the data packet arrival and data transmission from UE side, data packet arrival rate per UE is assumed to be Poisson arrival with the arrival rate of λ (0< λ<1). In addition, as mentioned above, small data payload transmission is assumed for contention based MA Considering this, it would be better to fix the target payload size, for example 40bytes, for contention based MA.

Unlike conventional grant-based multiple access, connectivity is one of key metric in SLS for the evaluation of contention based NoMA schemes. Here, we need to clarify that the definition of connectivity; it is noted that the connectivity metric in RAN1 SLS should be the number of maximally supportable active UEs meeting the target(minimum) data rate in a given bandwidth. In other words, it seems more reasonable not to count the dormant or sleep mode UEs in RAN1 SLS with respect to the connectivity KPI. 
As a mean to increase the connectivity, RAN1 considers NoMA schemes and in order to evaluate the maximally supportable UE in each NoMA scheme we propose following simulation methodologies. We propose to fix target data rate assuming the payload size per every packet arrival is fixed as, for example, 40 bytes. Given that small payload size, it is proposed to restrict the simulation bandwidth instead of assuming whole system bandwidth in SLS in order to reduce simulation burden. In other words, the gain from NoMA over OMA is expected to achieve when more UEs access than the amount of orthogonal resources and in order to make this environment, the number of UEs in the SLS should be much enormous than that of conventional simulation environment, e.g. (e)MBB use case due to the nature of mMTC traffics we assumed, i.e. small payload size. Therefore, we propose limit the bandwidth for simulation as X PRBs (X may be 4 or 8).
2.3  Performance metric for SLS
The performance metric of contention based MA schemes should be the number of supportable UEs and Figure 1 shows a way to evaluate the number of supportable UEs in the SLS. The graph shows the tendency of number of UEs (N) and probability of success for each packet (Ps), which will be derived from SLS. As the number of UEs becomes larger, the Ps becomes decreased and we can find the number of UEs meeting the target Ps. The number of UE meeting the target Ps can be interpreted as a supportable number of UEs of the scheme. Here, for simplicity, retransmitted data is not considered. 

On the other hand, in order to get the results of the tendency of Ps as a function of N, SLS should be performed for every different number of UE droppings and it also causes additional simulation burdens. Therefore, as notated in the figure 1, Ps as a function of λ, instead of as a function of N, can be considered as a performance metric. In other words, it is assumed that every packet arrival has its own connection, which is similar to FTP model 3, each UE has multiple packet arrivals different from FTP model 1 where each UE has a single traffic arrival. If we can interpret that each packet arrival has its own connection and the connection is interpreted as a number of connected UEs, we can evaluate the number of supportable UEs via SLS while keeping acceptable simulation burdens. 
Additionally, by adjusting the target value of Ps, we can evaluate the contention based MA for each use cases, namely mMTC or URLLC, where URLLC requires very tight success probability. 
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Figure 1. Supportable number of UEs 
Table 1 SLS parameters for mMTC in contention based UL 

	Attributes 
	Value or assumptions

	Data packet arrival rate per UE 
	Poisson arrival with arrival rate, λ

	Target payload size  
	[40] bytes

	Simulation Bandwidth 
	[4] PRBs

	Target success probability 
	0.9


3. Conclusions

In this contribution, traffic model and system level simulation methodologies for evaluation of contention based MA are proposed as in Table 1. Performance metric for evaluation of each MA schemes in contention based UL should be the number of supportable UEs in a given simulation bandwidth. 
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