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1 Introduction
A new Rel-15 work item “Even further enhanced MTC for LTE” [1]as approved in RAN#75. 
The objective is to specify the following improvements for machine-type communications for BL/CE UEs.

New requirements:

•
Lower UE power class [RAN4 lead, RAN2]
The reduction of the output power will have some impact on the uplink coverage and system capacity.  In this contribution, the system level simulation assumption is discussed for the new low output power BL UE so the impact on system capacity and uplink coverage by different low output power class BL UE can be investigated further.
2 Discussion
2.1 Evaluation methodology

2.1.1 Scenario 

3GPP case 1 and case 3 [5] is recommended to be used as base for system level simulation scenario. Table 1 lists parameters for 3GPP case 1 and 3.
Table 1. System level parameters.
	Parameter
	Case 1
	Case 3

	Carrier Frequency
	2000 MHz
	2000 MHz

	Network deployment including ISD
	Macro only, ISD = 500m
	Macro only, ISD = 1732m

	Mobility
	3 km/h
	3 km/h

	BS antenna elements
	2 RX, 2 TX
	2 RX, 2 TX

	UE antenna elements
	1 RX, 1 TX
	1 RX, 1 TX

	Mobile NF
	9dB
	9dB

	Base station NF
	5dB
	5dB

	Device power class
	23, 18, 14, 10 dBm
	23, 18, 14, 10 dBm

	Base station power class
	46 dBm 
	46 dBm

	Band width
	FDD: 10 +10 MHz
	FDD: 10 +10 MHz


Proposal 1: 3GPP case 1 and 3 is recommended for system level evaluations and common agreement on the parameters listed in Table 1 is needed.
2.1.2 Simulation parameter assumption
Table 2 lists assumptions recommended to be used for evaluations of low output power BL UE. 

Table 2. Assumptions used to evaluate low output power BL UE.

	Protocol layer parameters

	Higher layer procedure
	RRC Resume

	RLC mode
	Acknowledged

	Physical layer parameters

	UE Carrier bandwidth
	1.4MHz (6 PRB) 

	Frame structure
	FDD

	System parameters

	ISD
	500m or 1732m

	Cell grid
	Hexagonal macro grid

	System size
	21 cells


Proposal 2: Additional  simulation parameters for low output power BL UEs need to be agreed and Table 2 lists recommended parameters to be used for simulations.
2.1.3 Traffic model

During the work on NB-IoT in Release 13 system capacity evaluations were performed based on the methodology described in the study on Cellular system support for ultra-low complexity and low throughput Internet of Things, see TR 45.820 [2]. One important part of the assumptions used in this study was the traffic model which was intended to model future massive MTC traffic patterns. It contained two type of message transfers; Mobile Autonomous Reporting (MAR) and Network Command (NC).
According to this model 80% of the devices are assumed to send a MAR with Pareto distributed application level payload ranging between 20 and 200 bytes. In 50% of the cases the network is assumed to respond to the MAR with an application level acknowledgment that for simplicity is assumed to contain 0 bytes payload.
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Figure 1. Pareto distributed payload ranging between 20 and 200 bytes with mean 33.6 bytes [3]
For the remaining 20% of the devices the network is assumed to send a 20 byte command. In 50% of these cases the devices are assumed to respond with an uplink report following the same Pareto distribution as the MAR.

On top of these packet sizes comes overhead from application, security, transport and internet protocols as summarized in the below table.

Table 3. Application, security, transport, and internet protocol overheads.

	Protocol layer
	Overhead [bytes]

	COAP
	4

	DTLS
	13

	UDP
	8

	IP
	40

	Total
	65


The MAR and NC arrival intensities were assumed to range between 30 minutes to 24 hours to model different types of devices with different traffic profiles. Table 4 summarizes these assumptions. It can be noted that this implies that a device on average is active once every 2.14 hours.

Table 4. Mobile autonomous reporting and network command periodicity and distribution across the device population.

	Report periodicity [hours]
	Device distribution [%]

	24 
	40

	2
	40

	1
	15

	0.5
	5


Proposal 3: Follow the Release 13 MAR and NC traffic models described in TR 45.820 [2]and summarized herein when evaluating low output power BL UE.

2.1.4 Performance metric
2.1.4.1 Network resource usage

The uplink resource utilization can be simulated assuming a certain load situation (or access attempts per second). The resource usage can then be compared in different load situation for different low output power class BL UE.
Proposal 4: Network resource usage in uplink is recommended to be used as one performance metric in the system evaluations of BL UE.
2.1.4.2 User plan latency 
The definition of latency for infrequent small packets specified in chapter 7.1.6 [4];  the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, can be used as a performance metric in the system evaluations.
Proposal 5: Use the latency definition for infrequency small packet in chapter 7.1.6 [4] as one performance metric in the system evaluations.
2.1.4.3 Number of repetitions

The number of repetitions needed for a successful uplink transmission will be larger for low output power UEs than for legacy UEs and can be used as a performance metric to compare different power classes.  

Proposal 6: Use the average number of uplink repetitions as one performance metric in the system evaluations.   

3 Conclusions

Proposal 1: 3GPP case 1 and 3 is recommended for system level evaluations and common agreement on the parameters listed in Table 1 is needed.
Proposal 2: Additional  simulation parameters for low output power BL UEs need to be agreed and Table 2 lists recommended parameters to be used for simulations.
Proposal 3: Follow the Release 13 MAR and NC traffic models described in TR 45.820 [2]and summarized herein when evaluating low output power BL UE.

Proposal 4: Network resource usage in uplink is recommended to be used as one performance metric in the system evaluations of BL UE.
Proposal 5: Use the latency definition for infrequency small packet in chapter 7.1.6 [4] as one performance metric in the system evaluations.

Proposal 6: Use the average number of uplink repetitions as one performance metric in the system evaluations.   
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