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Introduction
The following TP is proposed to TR 37.911 for the Connection Density evaluation.
Text proposal
<Start of changes – unchanged text omitted>
[bookmark: _Toc516617897][bookmark: _Toc10677845]------------------------------------------
5.1	Connection density
As defined in Report ITU-R M.2514-0 [2], 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). 
The evaluation methodology follows section 8.2 in Report ITU-R M.2514, with assumptions, including system level configurations and traffic model. The QoS evaluated is that a 32-byte packet is successfully received.
The Full-buffer system-level simulation approach followed by link level simulation (referred to as “full buffer system level simulation” below) has been used for the evaluation, following the methodology and principles outlined in section 7.1.3 of Report ITU-R M.2412, adapted accordingly for satellite deployment.  
In a first step this evaluation method employs a full buffer system level simulation to derive the uplink SINR distribution. 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 500 devices/km2, while the time resource, i.e. the packet delay, at the 99th percentile SINR is less than 10 seconds and the utilized total bandwidth does not exceed 30 MHz.
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. It also does not model synchronization and system information acquisition, control channel and downlink data channel performance.
[bookmark: _Toc10677846]5.1.1	NR satellite access
The connection density of NR satellite access is evaluated using the method described in clause 5.1. The Rural mMTC-s test environment is used for evaluation, with detailed evaluation assumptions as defined in Annex A.4 Configurations with frequency reuse factor (FRF) equal to 1 and 3 have been evaluated.
The evaluation results of NR satellite access (applicable for FDD frequency bands defined in 3GPP TS 38.108/38.101-5) are shown in Table 5.1.1-1 expressed as the average performance presented by the contributing companies. The bandwidth evaluated to be required to fulfil the requirement is also provided, noting that the minimum bandwidth required is determined by the minimum defined system channel bandwidth: 5 MHz for NR satellite access. It is observed that NR satellite access fulfills connection density requirement under full buffer system level simulation followed by link level simulation.
Table 5.1.1-1 Evaluation results of connection density for NR satellite access
(Full buffer system level simulation followed by link level simulation)

	Traffic model
	Frequency reuse factor
	ITU Requirement
	Connection density(/km2)
	Bandwidth (kHz)
	Number of samples

	1 message/day/device
	FRF1
	500
	[7334]
	180
	[4]

	
	FRF3
	500
	[28115]
	540
	[4]

	1 message/2 hours/device
	FRF1
	500
	[611]
	180
	[4]

	
	FRF3
	500
	[2340]
	540
	[4]



5.1.2	E-UTRA satellite access
The connection density of E-UTRA satellite access (NB-IoT satellite access and eMTC satellite access) is evaluated using the method described in clause 5.1. The Rural mMTC-s test environment is used for evaluation, with detailed evaluation assumptions as defined in Annex A.4. Deployments with frequency reuse factor (FRF) equal to 1 and 3 have been evaluated. 
The evaluation results of NB-IoT satellite access and eMTC satellite access (applicable for FDD frequency bands defined in 3GPP TS 36.108/36.102) are shown respectively in Table 5.1.2-1 and Table 5.1.2-2 expressed as the average performance presented by the contributing companies. The bandwidth evaluated to be required to fulfil the requirement is also provided, noting that the minimum bandwidth required is determined by the defined system channel bandwidth: 200kHz for NB-IoT satellite access and 1.4MHz for eMTC satellite access. It is observed that NB-IoT satellite access and eMTC satellite access both fulfill connection density requirement under full buffer system level simulation followed by link level simulation.
Table 5.1.2-1 Evaluation results of connection density for NB-IoT satellite access
(Full buffer system level simulation followed by link level simulation)
	Traffic model
	Frequency reuse factor
	ITU Requirement
	Connection density(/km2)
	Bandwidth (kHz)
	Number of samples

	1 message/day/device
	FRF1
	500
	TBD
	TBD
	TBD

	
	FRF3
	500
	TBD
	TBD
	TBD

	1 message/2 hours/device
	FRF1
	500
	TBD
	TBD
	TBD

	
	FRF3
	500
	TBD
	TBD
	TBD



Table 5.1.2-2 Evaluation results of connection density for eMTC satellite access
(Full buffer system level simulation followed by link level simulation)
	Traffic model
	Frequency reuse factor
	ITU Requirement
	Connection density(/km2)
	Bandwidth (kHz)
	Number of samples

	1 message/day/device
	FRF1
	500
	TBD
	TBD
	TBD

	
	FRF3
	500
	TBD
	TBD
	TBD

	1 message/2 hours/device
	FRF1
	500
	TBD
	TBD
	TBD

	
	FRF3
	500
	TBD
	TBD
	TBD



[bookmark: _Toc21288820]A.4 	Detailed assumptions and results for connection density
The detailed assumptions and results for connection density can be found in the attached document "A.5_ConnectionDensity.zip".
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