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UL System Level Simulation Results of GERAN CIoT Solutions: EC-GSM

1.  Introduction
A study item named “Cellular IoT” was approved in GERAN#62 for evaluating how to support low throughput and low complexity machine type communications [1].  Several proposals have been discussed under the categories of an evolved low-complex EGPRS (EC-GSM) and clean slate solutions (NB M2M and NB OFDMA).  The evaluation methodology, including the system assumptions, parameters and traffic models are captured in the draft TR 45.820 [2].
In this document, we present some preliminary uplink system level simulation results for EC-GSM solution for GERAN CIoT systems. In this work, we consider 2 traffic models to check whether the 160 bps throughput and the 10 seconds delay requirements in [2] can be satisfied.
2.  Simulation Setup and Parameters
The major system level simulation assumptions and parameters are listed in Table 1.
TABLE 1: Simulation Parameters and Assumptions
	Parameter
	Assumption

	[bookmark: _GoBack]Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site 

	Frequency band
	900 MHz

	Inter site distance 
	1732 m

	Number of carriers per cell site (3 sectors)
	3

	Frequency Hopping
	On

	Spectrum sharing with legacy GPRS
	No

	Modulation coding schemes
	MCS 1-4

	User distribution
	Devices dropped uniformly in each sector

	UE transmit power per 200 KHz 
	33 dBm 

	Bandwidth
	180 kHz

	Channel model
	TU, 1 Hz Doppler

	Antenna gains BS/UE
	18 dBi / -4 dBi

	Traffic Model
	Full-buffer, 3GPP LTE MTC Traffic models (TR 36.888, TR 45.820)

	Number of Rx antennas
	2

	Noise figure
	UL : 3 dB 

	Antennas
	BS: GERAN directional (Am=20 dB, 65 degrees) / Omni

	Pathloss 
	120.9+ 37.6log10(R),    R in kilometers

	Frequency reuse
	3

	Shadowing standard deviation
	8 dB

	Shadowing correlation distance
	110m ( 1  between sectors and 0.5 between sites )

	Shadowing site correlation factor
	50%

	Penetration loss 
	TR 45.820, scenario 1

	Penetration loss correlation factor
	50%

	Power Control 
	+ α *PL
dBm
α = 0.8 



Proportional Fair (PF) scheduling is considered in the simulations. In addition, we also consider a full-buffer traffic model with 10, 20, 30 and 40 simultaneous devices that are uniformly distributed in each sector is considered. The objective is to evaluate the performance of the proposed EC-GSM system based on the minimum throughput requirement of 160bps for challenging scenarios in which all UEs are assumed to have a full-buffer traffic. The link-to-system mapping procedure proposed in [3] is employed for the physical layer abstraction. Note that, in this framework, perfect time and frequency synchronization and channel estimation are assumed and the MCS are selected based on a pessimistic approach; i.e., the MCS level is selected based on the 10% BLER performance curve corresponding to the average measured interference to noise ratio from the pilots. This is in contrast with the conventional selection methodology wherein only the AWGN curves are considered. Furthermore, we also consider data traffic model with a deterministic number of packets per scheduling interval, wherein the duration of a scheduling interval is 52 frames or 0.24 seconds. This model is used to evaluate the packets’ delay and to check whether the system meets the 10 seconds delay requirement of [2] for the MAR exceptional reporting traffic model.

3. Simulation scenarios
In this proposal, we consider an EC-GSM system with blind repetition and scheduling penalty. The number of blind repetitions considered are 2, 4, 8, and 16. Each of these repetitions is decoded assuming coherent energy combining. The PF scheduler considers the channel quality of the devices and determines the number of repetitions based on predefined thresholds. In addition, to enhance the system capacity, we also consider the overlaid CDMA scenario described in [2]. This scenario allows up to 4 UEs to be concurrently scheduled in the same time slot.  

4. System level simulation results
4.1 Simulation of received signal strength:
Scenario 1 of the building penetration loss specified in [2] is considered in our simulations.  The penetration loss values were generated for 1000 uniformly distributed devices within the cell area to obtain sufficient statistics for penetration loss parameters. In Figure 1, we present the CDF of the UEs received power assuming the channel parameters specified in table 1. It can be seen that the 50th percentile of the UEs received power is -91.5dBm. 
[image: C:\Users\ymfouad\Desktop\Contributions April Intel\Receieved signal strenth.bmp]
Figure 1.  CDF of the received signal strength.
4.2 System performance under a full-buffer traffic model:
The uplink MAC throughput CDFs are presented in Figure 2. The scheduling mechanism discussed in Section 3 is simulated.  We assume 160 bps as the target MAC throughput for the GERAN CIoT devices. The results indicate that less than 1% of the UEs are in outage irrespective of the number of simultaneous UEs in the system. This number increases to 2% if we consider the packet transmission overhead; e.g., coding overhead. It is worthwhile mentioning that the presence of 20 simultaneous UEs in every scheduling interval corresponds to a system with approximately 642862 UEs according to the traffic model described in [4], given the assumption that UEs session were successfully transmitted within one scheduling interval. 
[image: C:\Users\ymfouad\Desktop\Contributions April Intel\collected Ul results May 7\full buffer\without penalization\combined_Full_Buffer_without_penalization.bmp]
Figure 2.  The UL device throughput CDFs of the EC-GSM system.
Finally, it is worth mentioning here that the CIoT applications in practice are expected to have very infrequent and sparse transmissions. Thus, the full-buffer traffic model assumption in the simulations helps in understanding the worst case performance for EC-GSM deployment.  
4.3 System performance for MAR exception reporting:
In this section, we evaluate the UL performance of the EC-GSM system with respect to MAR exception reporting traffic. In this type of traffic, the packet size is fixed to 20 bytes and the main objective is to check whether the system meets the 10 seconds delay requirement of [2]. In addition, in this simulation, we assume the UE transmit power is fixed at 33dBm; i.e., there is no power control. In Figure 3, we provide our simulation results for different numbers of packets per scheduling interval per cell; i.e., 2, 4, 6 and 10. According to traffic model of [5], these numbers correspond to 64286, 128572, 192859 and 321431 devices per cell, respectively. Note that to obtain the number of UEs per cell, we considered the same periodicity of the MAR periodic reporting; i.e., approximately 6.8 reports per second per cell on average correspond to 52547 UEs per cell.
[image: C:\Users\ymfouad\Desktop\Contributions April Intel\Combined Results UL and DL May 17\UL\packets per scheduling interval no power control with 20 bytes packet size 50 UEs MAx\combined_delays.bmp]
Figure 3.  The UL packet delays CDFs of the EC-GSM system and MAR exception reporting.
As can be seen from this figure, under the above discussed loading scenarios, the 95th percentile is always able to meet the 10 seconds delay requirement. For instance, for the case in which the traffic is set at 4 packets per scheduling interval, i.e., 128572 UEs per cell, the 95th percentile resides at 0.82 seconds, which is far below the 10 seconds requirement threshold. The percentage of utilized resources for the simulation scenarios depicted in Figure 5 were found to be as follows:
	
	2 Packets
	4 Packets
	6 Packets
	10 Packets

	Percentage of Utilized resources
	3.8%
	6.3%
	8.2%
	11.88%


Table 1.  Percentage of utilized resources for EC-GSM.
To further validate the performance of the system, we depicted the CDF of the carrier to interference ratio for the 10 packets per scheduling interval load scenario in Figure 4. 
[image: C:\Users\ymfouad\Desktop\Contributions April Intel\Combined Results UL and DL May 17\UL\packets per scheduling interval no power control with 20 bytes packet size 50 UEs MAx\CIR for 10 packets per scheduling interval.bmp]
Figure 4.  CDF of the carrier to interference ratio.
From this figure, it can be clearly seen that the system is interference limited and thus the usage of the link to system mapping technique of [3] becomes vital to accurately evaluate the system performance. 
4.4 System performance for MAR periodic reporting and Network Command traffic models:
	In this section, we evaluate the uplink performance of the EC-GSM with respect to the traffic model described in [2] for system capacity evaluation. In this traffic model it is assumed that 20% of the packets will be generated from the Network Command traffic model whereas the remaining 80% will be generated from the MAR periodic reporting traffic model [2].  Hence, in this traffic model, the size of 80% of the transmitted packets follow a Pareto distribution with minimum and maximum payload sizes of 20 and 200 bytes, respectively, whereas the size of the remaining 20% is fixed to 20 bytes. We consider a maximum of 50 simultaneous UEs in the system. The uplink offered traffic versus the carried traffic and the packets’ delay CDF for the traffic model [2], are presented in Figures 5 and 6, respectively. The scheduling mechanism discussed in Section 3 was employed here as well. From Figure 5, it can be clearly seen that there exists a linear relationship between the offered traffic and carried traffic, which indicates that all the offered traffic was transmitted without causing a significant increase in the buffer size. In other words, it indicates that the system is capable of handling the traffic while without having a significant impact on the packet delays as shown in Figure 6.

[image: C:\Users\ymfouad\Desktop\Contributions April Intel\Combined Results UL and DL May 17\UL\packets per scheduling interval power control 20percent Network controlled traffic  80  percent MAR autonomous\offerred_Traffic_VS_Carried_Traffic.bmp]
Figure 5.  The offered traffic versus carried traffic of the traffic model in [2].
[image: C:\Users\ymfouad\Desktop\Contributions April Intel\Combined Results UL and DL May 17\UL\packets per scheduling interval power control 20percent Network controlled traffic  80  percent MAR autonomous\combined_delays.bmp]
Figure 6.  Packets’ delay CDFs of the traffic model in [2].

5. Summary
In this contribution, we have presented our preliminary uplink system simulation results for the EC-GSM systems with full-buffer traffic as well as the MAR traffic model of [2].  Our results indicate that under the worst case load, i.e., the full-buffer traffic, approximately 99% of the devices would be able to receive at least 160 bps MAC throughput with blind repetitions for the simulation framework assumed in the study when the number of simultaneous UEs in the system is less than 40. Hence, we conclude that EC-GSM can efficiently operate in the very challenging scenario of full-buffer traffic. In addition, under the MAR traffic model, the system is able to operate efficiently and satisfy the 10 second delay requirement for the MAR exception reporting for at least 10 packets per scheduling interval. Furthermore, for the MAR periodic reporting traffic scenario, the system is capable of handling 60 packets per scheduling interval within reasonable packet delays. 
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