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Deployment Scenarios for CIoT  

1. Introduction

The following deployment requirements have been agreed from GPC140093.
Deployment requirement  1: Cellular IoT devices are typically expected to be deployed indoor, with some devices in basements or underground or embedded in objects, where they may be subjected to deep penetration losses (up to 20 dB more than legacy GPRS). 

Deployment requirement 2.1: When the Maximum Coupling Loss is not exceeded, it is required that Cellular IoT can support a cell radius of 35 km

Deployment requirement 2.2: Operation at values of cell radius >35 km according to the Maximum Coupling Loss is desirable but a secondary objective.
Deployment requirement 3.1a: Cellular IoT is expected to be designed and optimised for stationary devices.
Deployment requirement 4.1: It is expected that the Cellular IoT technology is deployable on existing sites (e.g. re-using available MSR BS, antennas, RRH, cables etc.) with Cellular IoT technology preferably introduced as a software load on the existing radio access nodes.

Deployment requirement 5: It is expected that an initial release of a ‘clean slate' Cellular IoT technology is deployable in small amounts of licensed spectrum which may be available by (re)using GSM carriers, small unused parts of licensed spectrum for UMTS and small parts of licensed spectrum for LTE. RAN 4 should to be consulted on the deployment options in UMTS/ LTE spectrum.

The following deployment requirement has been agreed in GERAN WG2
Deployment requirement 4.2: It is expected that the Cellular IoT technology is deployable on an existing core network (e.g. re-using CN nodes and interfaces according to the selected CIoT architecture).

Deployment scenario 6: Deployment of Cellular IoT based on a GERAN evolution approach is expected to share spectrum with an existing GSM network. It is expected that Cellular IoT based on a ‘clean slate’ solution will not have to share any 200 kHz channel with GSM. 

This document clarifies the mobility deployment requirement which should be supported by an initial release of Cellular IoT and proposes to clarify the already agreed deployment requirement 4.1.

Mobility Deployment requirement
The major deployment scenario for Cellular IoT will be in applications such as ‘smart cities’, where the devices will typically be stationary. Cellular IoT is thus expected to be designed and optimised for stationary devices as the agreed deployment requirement 3.1a states.
 It is required that all the objectives of the study, including the extended coverage range requirement, capacity requirement, battery life requirement and throughput requirement, are fulfilled by a candidate technology. It is also possible that for certain applications, like pedestrians with wearable devices and asset tracking applications, Cellular IoT devices will be non-stationary. For most applications where the device is non-stationary, the speed of devices will typically be less than 30 km/h. There is also the possibility that Cellular IoT devices may be moving at high vehicular speeds e.g. in cars and trucks, where the speed can be as high as 130 km/h. 

It is a requirement that transmission and reception of data at a minimum data rate of 160 bps (above the equivalent of the SNDCP layer) is still achievable at speeds up to 30km/h.

Since the percentage of non-stationary devices in the system is expected to be low, there is no requirement from the co-signing operators for the capacity to be evaluated with non-stationary devices with system level simulations. However, it is important that the link layer performance is evaluated with link level simulations to confirm that the minimum data rate requirement can still be met in GPRS coverage conditions and for the battery life analysis to be carried out to understand the impact on battery life due to mobility up to 30 km/h. 

For devices moving at speeds higher than 30 km/h and up to 130 km/h, it is useful for operators to understand whether communication is still possible at such high speeds, even though the minimum data rate requirement is not met. It is thus desirable, but not a requirement, to have link level simulation results presented from proponents of a candidate technology to understand the physical layer performance at high speeds.

It is proposed to clarify the mobility deployment requirement with the following additional deployment requirement:
Deployment requirement 3.1b: The majority of cellular IoT devices will be stationary. The performance requirements and methodology for performance evaluation for stationary and non-stationary devices are summarised in Table 1. 

Table 1 – FS_IoT_LC Study Item requirements applicability vs CIoT devices’ speed

	
	20 dB extra-coverage
	160 bps data rate
	10-year battery life
	system capacity evaluation

	Stationary CIoT devices
	Yes
	Yes
	Yes
	Yes

	Non-stationary (up to 30 km/h) CIoT devices
	No1
  
	Yes2
	No3
	No

	Non-stationary (higher than 30 km/h) CIoT devices)
	No1
	No4
	No
	No


1GPRS coverage requirements apply

2Performance evaluated with link level simulations

3Battery life analysis is required

4Link level simulations may be provided by proponents to indicate actual performance at high speeds
2.4 Re-use of existing infrastructure

It is proposed that agreed deployment requirement 4.1 is revised as follows:

Deployment requirement 4.1(revised): It is expected that the Cellular IoT technology is at least deployable on existing radio access sites based on 3GPP Multi Standard Radio Base Station Specifications (with the re-use of existing antennas, feeder cables etc.) and can preferably be introduced as a software load on those existing radio access nodes.
2. Summary

In this contribution, the co-sourcing companies provide further clarifications on the mobility deployment requirement and also propose to revise already agreed deployment requirement 4.1. 

Deployment requirement 3.1b: The majority of cellular IoT devices will be stationary. The performance requirements and methodology for performance evaluation for stationary and non-stationary devices are summarised in Table 1. 

Table 1 – FS_IoT_LC Study Item requirements applicability vs CIoT devices’ speed

	
	20 dB extra-coverage
	160 bps data rate
	10-year battery life
	system capacity evaluation

	Stationary CIoT devices
	Yes
	Yes
	Yes
	Yes

	Non-stationary (up to 30 km/h) CIoT devices
	No1
  
	Yes2
	No3
	No

	Non-stationary (higher than 30 km/h) CIoT devices)
	No1
	No4
	No
	No


1GPRS coverage requirements apply

2Performance evaluated with link level simulations

3Battery life analysis is required

4Link level simulations may be provided by proponents to indicate actual performance at high speeds
Deployment requirement 4.1(revised): It is expected that the Cellular IoT technology is at least deployable on existing radio access sites based on 3GPP Multi Standard Radio Base Station Specifications (with the re-use of existing antennas, feeder cables etc.) and can preferably be introduced as a software load on those existing radio access nodes.
GERAN WG1 is requested to discuss and agree on the additional deployment requirements and agree on the text proposal provided to capture agreed deployment requirements. 
TR Text proposal

//unrelated sections are omitted

4.1.2 
Support of massive number of low throughput devices

A system that can support a large number of devices, each generating a small amount of data is required. 
At cell level, it is expected that each household in a cell may have up to 40 MTC devices and the household density per cell is according to the assumptions in Annex A of TR 36.888 [3]. The resulting MTC device density per cell is provided in Annex E. 
//unrelated sections are omitted

Annex <A>: Deployment Scenarios for Cellular IoT

	Scenario
	Description

	Deep coverage (in building)
	Cellular IoT devices are typically expected to be deployed indoor, with some devices in basements or underground or embedded in objects, where they may be subjected to deep penetration losses (up to 20 dB more than legacy GPRS). 



	 Extended geographic coverage
	When the Maximum Coupling Loss is not exceeded, it is required that Cellular IoT can support a cell radius of 35 km.

Operation at values of cell radius >35 km according to the Maximum Coupling Loss is desirable but a secondary objective.

	Mobility
	The majority of cellular IoT devices will be stationary. Cellular IoT is expected to be designed and optimised for stationary devices.
The performance requirements and methodology for performance evaluation for stationary and non-stationary scenarios are summarised in the following table. 

20 dB extra-coverage

160 bps data rate

10-year battery life

system capacity evaluation

Stationary CIoT devices

Yes

Yes

Yes

Yes

Non-stationary (up to 30 km/h) CIoT devices)

No1
Yes2
No3
No

Non-stationary (higher than 30 km/h) CIoT devices)

No1
No4
No

No

1GPRS coverage requirements apply

2Performance evaluated with link level simulations

3Battery life analysis is required

4Link level simulations may be provided by proponents to indicate actual performance at high speeds.

	Re-use of existing infrastructure
	It is expected that the Cellular IoT technology is at least deployable on existing radio access sites based on 3GPP Multi Standard Radio Base Station Specifications (with the re-use of existing antennas, feeder cables etc.) and can preferably be introduced as a software load on those existing radio access nodes.
It is required that the Cellular IoT technology is deployable on existing core networks (e.g. re-using CN nodes and interfaces according to the selected CIoT architecture). 

	Use of small amounts of licensed spectrum
	It is expected that an initial release of a ‘clean slate' Cellular IoT technology is deployable in small amounts of licensed spectrum which may be available by (re)using GSM carriers, small unused parts of licensed spectrum for UMTS and small parts of licensed spectrum for LTE.

Editor’s Note: RAN 4 need to be consulted on the deployment options in UMTS/ LTE spectrum.

	Spectrum sharing with GSM
	Deployment of Cellular IoT based on a GERAN evolution approach is expected to share spectrum with an existing GSM network. It is expected that Cellular IoT based on a ‘clean slate’ solution will not have to share any 200 kHz channel with GSM.
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