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[bookmark: _Toc500511339]7	Self evaluation of mMTC technical performance
[bookmark: _Toc500511340]7.1	Connection density
As specified in Report ITU-R M.2410, connection density is the system capacity metric defined as the total number of devices fulfilling a specific quality of service (QoS) per unit area (per km2) with 99% grade of service (GoS).
In Report ITU-R M.2412, the required QoS is that a 32-byte packet is successfully received within 10 s. 
The connection density can be evaluated using one or both of two alternative methods: The Full-buffer system-level simulation followed by link level simulation, and the Non-full-buffer system level simulation. These are defined in section 7.1.3 of Report ITU-R M.2412. The detailed assumptions for these approaches, including system level configurations and traffic model, are defined in Table 5 – d) in Report ITU-R M.2412. 
7.1.1	NR
The connection density of NR is evaluated by using the full buffer system level simulation followed by link level simulation (referred to as “full buffer system level simulation” below).
In a first step this evaluation method employs a full buffer system level simulation to derive the uplink SINR distribution for a candidate technology. In a second step link level simulation are performed to determine the uplink spectral efficiency and data rate as functions of SINR. When combined these three functions supports the calculation of the expected long-term time-frequency resources required for each SINR to support the specified traffic model.
Connection density is in a final step conceptually derived by the system bandwidth, declared for the candidate technology, divided by the average required frequency resource. The requirement is fulfilled if the recorded connection density exceeds the 1.000.000 devices/km2, while the time resource, i.e. the packet delay, at the 99th percentile SINR is less than 10 s.
This evaluation method is targeted to evaluate the connection density in terms of the capability of uplink data transmission. The capacity calculation is based on an  assumption of ideal resource allocation among the multiple packets and users (e.g., there is no collision on resource allocation). The packet delay calculation does not consider the delays introduced by the connection access procedure.
Under this evaluation method, NR FDD is evaluated. The Urban Macro – mMTC test environment is used for evaluation. Both evaluation configuration A (ISD=500 m) and evaluation configuration B (ISD=1732 m) are considered.
The evaluation results of NR FDD are shown in Table 7.1.1-1 expressed as the average performance presented by the contributing companies. It is observed that NR fulfills connection density requirement under full buffer system level simulation followed by link level simulation. Detailed simulation assumptions and results can be found in Annex B.z.5.
Table 7.1.1-1 Evaluation results of connection density for NR FDD
(Full buffer system level simulation followed by link level simulation 
packet arrival rate: 1 packet / 2 hour / device)
(a) Evaluation configuration A (ISD=500 m)
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement (device/km2)
	Channel  model A
	Channel model B

	
	
	
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)

	1x2 SIMO OFDMA 
	15 kHz
	1,000,000
	3
	35,569,150
	180
	3
	35,082,937
	180



(b) Evaluation configuration B (ISD=1 732 m)
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement (device/km2)
	Channel  model A
	Channel model B

	
	
	
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)

	1x2 SIMO  OFDMA 
	15 kHz
	1,000,000
	4
	1,267,406
	180
	3
	1,529,707
	180


7.1.2	LTE
The connection density of NB-IoT and eMTC are evaluated using both the full buffer, and the non-full buffer system level simulation as defined in Report ITU-R M.2412. 
As indicated in Section 7.1.1, the full buffer system level simulation method targets to evaluate the connection density in terms of the capability of uplink data transmission. It does also not model synchronization and system information acquisition. control channel and downlink data channel performance. It assumes ideal resource allocation among the multiple uplink packets and users (e.g., there is no collision on resource allocation), and the delays introduced by access procedure are not considered. 
In the non-full buffer system level simulation, the idle mode synchronization and system information acquisition performance and delays are taken into account. The chosen system access procedure, the uplink data transmission and the connection release procedures are modelled. The link level performance of all relevant physical channels and signals are modelled, and the system level resource allocation and the delays associated with the modeled protocols are considered. The connection density is recorded at the user arrival rate at which 99% of all uplink packet is successfully received within 10 s. 
Since the non-full buffer system level simulation provides a more detailed level of modelling the evaluation results are, as expected, different from the full buffer system level simulation.
For both evaluation methods, the Urban Macro – mMTC test environment is used. Both evaluation configuration A (ISD=500 m) and evaluation configuration B (ISD=1732 m) are considered.
The evaluation results of NB-IoT and eMTC are shown in Table 7.1.2-1 for full buffer system level simulation, and in Table 7.1.2-2 for non-full buffer system level simulation, respectively. For non-full buffer system level simulation, both the Early Data Transmission (EDT) and the RRC Resume procedures are evaluated. Since EDT procedure is shortened compared to RRC Resume procedure, the evaluation results are different. 
It is observed that both NB-IoT and eMTC fulfill connection density requirement under either evaluation method, using either system access procedures. 
Detailed simulation assumptions and results can be found in Annex B.z.5.
Table 7.1.2-1 Evaluation results of connection density for NB-IoT and eMTC
(Full buffer system level simulation followed by link level simulation
packet arrival rate: 1 packet / 2 hour / device)
(a) Evaluation configuration A (ISD=500 m)
	Technical feature
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement (device/km2)
	Channel  model A
	Channel model B

	
	
	
	
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)

	NB-IoT
	1x2 SIMO 
	15 kHz
	1,000,000
	2
	43,691,789
	180
	2
	43,626,653
	180

	eMTC
	1x2 SIMO 
	15 kHz
	1,000,000
	3
	35,235,516
	180
	3
	34,884,438
	180



(b) Evaluation configuration B (ISD=1 732 m)
	Technical feature
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement (device/km2)
	Channel  model A
	Channel model B

	
	
	
	
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)

	NB-IoT
	1x2 SIMO 
	15 kHz
	1,000,000
	3
	2,335,319
	180
	2
	2,376,936
	180

	eMTC
	1x2 SIMO 
	15 kHz
	1,000,000
	3
	1,212,909
	180
	3
	1,511,989
	180



Table 7.1.2-2 Evaluation results of connection density for NB-IoT and eMTC
(Non-full buffer system level simulation 
packet arrival rate: 1 packet / 2 hour / device)
(a) Evaluation configuration A (ISD=500 m)
	Technical feature
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement (device/km2)
	Channel  model A
	Channel model B

	
	
	
	
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)

	NB-IoT (EDT)
	1x2 SIMO, Single-tone
	15 kHz
	1,000,000
	1
	8,047,087
	180
	1
	8,077,017
	180

	NB-IoT (EDT)
	1x2 SIMO, Multi-tone
	15 kHz
	1,000,000
	-
	-
	-
	1
	16,000,000
	180

	NB-IoT (RRC Resume)
	1x2 SIMO Multi-tone
	15 kHz
	1,000,000
	1
	1,233,000
	180
	1
	1,225,000
	180

	eMTC (RRC Resume)
	1x2 SIMO 
	15 kHz
	1,000,000
	1
	1,893,000
	360
	1
	1,893,000
	360



(b) Evaluation configuration B (ISD=1 732m)
	Technical feature
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement (device/km2)
	Channel  model A
	Channel model B

	
	
	
	
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)

	NB-IoT (EDT)
	1x2 SIMO, Single-tone
	15 kHz
	1,000,000
	1
	1,198,000
	360
	1
	1,203,880
	360

	NB-IoT (EDT)
	1x2 SIMO Multi-tone
	15 kHz
	1,000,000
	-
	-
	-
	1
	1,250,000
	360

	NB-IoT (RRC Resume)
	1x2 SIMO Multi-tone
	15 kHz
	1,000,000
	1
	1,018,000
	2700
	1
	1,034,000
	1980

	eMTC (EDT)
	1x2 SIMO 
	15 kHz
	1,000,000
	1
	1,107,000
	540
	1
	1,140,000
	540

	eMTC (RRC Resume)
	1x2 SIMO 
	15 kHz
	1,000,000
	1
	1,026,000
	3240
	1
	1,038,000
	2520




3GPP
