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Deployment Scenarios for CIoT  

1. Introduction

This document clarifies the deployment scenarios which should be supported by an initial release of Cellular IoT. They should not be considered as alternatives to each other, but may coexist at the same time and place. It is proposed to capture the deployment scenarios in an annex of the TR 45.820 for Cellular IoT for future reference.

2.  Deployment scenarios

2.1 Deep coverage (in building)

One of the main motivations of the study on Cellular IoT is the inability of legacy GPRS to reach devices suffering deep penetration losses, e.g. smart meters and sensors in basements or underground or devices embedded in objects with poor antenna performance. 

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). 
2.2 Extended geographic coverage
The majority of CIoT devices are expected to be deployed in ‘smart cities’ where the cell radius will be no more than a few kilometres. However, it is expected that Cellular IoT devices will also be deployed in rural areas. In order to ease the achievement of the extra-coverage requirements it is also expected that the frequency bands used for CIoT allow for good propagation conditions e.g. sub –GHz bands with reduced path loss and consequently increased coverage. In some cases an extended geographic coverage will therefore be possible.

Under good radio propagation conditions, the cell radius of GSM/GPRS is limited by the range of “timing advance” control to 35 km. 

The large Maximum Coupling Loss (agreed as 164 dB in this study) means that CIoT devices not experiencing deep penetration losses will be much more likely than GSM devices to be within radio coverage at long geographic ranges. Hence it is important that the CIoT system does not impose other (e.g. timing) restrictions that limit the range to less than GSM’s 35 km. 

An ‘extended range’ feature of GSM/GPRS allows the MS’s transmission to occupy parts of two adjacent timeslots and the range can be extended to about 120 km at the cost of significantly reduced system capacity. This allows GSM/GPRS devices to be deployed in remote locations. However, in order to achieve ranges > 35 km, high antenna masts are normally needed and this implies that the cost of the device is not paramount and other non-CIoT technologies could be used. Hence it is desirable, but not a requirement that the CIoT system can (with good radio propagation) support ranges > 35 km.

Deployment requirement 2: When the Maximum Coupling Loss is not exceeded, it is required that Cellular IoT can support a cell radius of 35 km (support of higher values of cell radius > 35 km according to the Maximum Coupling Loss is desirable but not a requirement). 
2.3 Mobility

The major deployment scenario for Cellular IoT will be in applications such as ‘smart cities’, where the devices are expected to be mostly stationary (e.g. in buildings) or moving at low speeds in crowded roads, e.g. up to 30 km/h. It is thus important that Cellular IoT is optimised for speeds below 30 km/h.

However, the possibility of Cellular IoT devices moving at higher speeds cannot be ignored since another typical application for Cellular IoT is for tracking purposes, e.g. tracking of parcels, vehicles, etc. It is thus desirable that Cellular IoT is optimised for stationary devices and handles speeds below 30 km/h well. 
There is no requirement to introduce complexity to optimise the system capacity at such high speeds or for evaluation of the system capacity with system level simulations at such high speeds (considering that most devices in the system would be stationary or moving at low speeds up to 30 km/h). It is sufficient to evaluate the link layer performance at high speeds as an evaluation of its ability to maintain communication in legacy GPRS coverage conditions and to characterise the system behaviour in terms of techniques to preserve battery life with the assumption of legacy GPRS coverage conditions.
Any design change to support high mobility scenario should not significantly increase the cost, complexity and power consumption relative to an optimum design for low mobility devices. 
Deployment requirement 3.1: Cellular IoT is expected to be designed and optimised for stationary devices and should handle the low mobility scenario (speeds up to 30 km/h) well.

Deployment requirement 3.2: Performance at speeds of higher than 30 km/h and up to 130 km/h needs to be evaluated by using link level simulations and analysis of the cell reselection performance at speeds higher than 30 km/h.  No system level simulation or coverage beyond legacy GPRS is required. It is FFS how the link level simulation will be defined.

2.4 Re-use of existing infrastructure

In order to compete effectively with non-3GPP technologies in the M2M ecosystem, it is highly desirable that operators are able to deploy Cellular IoT re-using their existing infrastructure. Cellular IoT should therefore allow 3GPP operators to re-use key assets such as existing core networks (e.g. CN nodes and interfaces) and sites (e.g. MSR BS, antennas, power and pre amplifiers (Remote Radio Head) and connections (cables/fibres) between BaseBand Unit and RRH) with minimal cost, e.g. by only software upgrade of BBU.  The use of a new better-optimized core network is a potential future evolution option for Cellular IoT which does not need to be progressed in the first release.    
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 4.2: It is expected 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). 
2.5 Use of small amounts of licensed spectrum for Cellular IoT
An initial release of a ‘clean slate’ Cellular IoT technology should be deployable using small amounts of licensed spectrum (typically a substantially reduced number of 200 kHz RF channels compared to legacy GSM), which can be obtained by:

1. (re)using one or a few GSM carriers;
2. using small unused parts of licensed spectrum for UMTS, e.g. unused spectrum in a 5 MHz allocation for UMTS where the chip rate is 3.84 Mcps;

3. using small parts of licensed spectrum for LTE.

It is anticipated that 3GPP TSG RAN WG4 involvement is needed as per points 2 and 3 above to verify that such deployments will not cause any non-negligible impacts to legacy WCDMA/LTE system(s) deployed in the same frequency band and will adhere to the regulatory requirements which apply to the spectrum bands in which the system operates.

Standalone deployment of Cellular IoT based on a GERAN evolution approach in small amounts of unused spectrum is not foreseen due to the wider bandwidth requirement of GSM.

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.

2.6 Spectrum sharing between GSM and Cellular IoT
Deployment of Cellular IoT based on a GERAN evolution approach is expected to share spectrum with an existing GSM network. Standalone deployment of Cellular IoT based on a GERAN evolution approach is not foreseen as it would require a relatively large amount of spare licensed spectrum. Moreover, it is not expected that a ‘clean slate’ Cellular IoT solution should be deployable by sharing one or more 200 kHz channels with GSM.

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. 

3. Summary

In this contribution, the co-sourcing companies summarise the deployment scenarios they believe that should be supported by an initial release of Cellular IoT technology, i.e.: 

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: When the Maximum Coupling Loss is not exceeded, it is required that Cellular IoT can support a cell radius of 35 km (support of higher values of cell radius > 35 km according to the Maximum Coupling Loss is desirable but not a requirement). 
Deployment requirement 3.1: Cellular IoT is expected to be designed and optimised for stationary devices and should handle the low mobility scenario (speeds up to 30 km/h) well.

Deployment requirement 3.2: Performance at speeds of higher than 30 km/h and up to 130 km/h needs to be evaluated by using link level simulations and analysis of the cell reselection performance at speeds higher than 30 km/h.  No system level simulation or coverage beyond legacy GPRS is required. It is FFS how the link level simulation will be defined.

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 4.2: It is expected 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). 

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.

Deployment requirement 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. 

3GPP TSG GERAN WG1 and WG2 are respectfully requested to take into account those deployment scenarios for the design of Cellular IoT technology. A draft text proposal is provided to capture the deployment scenarios mentioned above. 

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 (higher values than 35 km are desirable but not a requirement).

	Mobility
	Cellular IoT is expected to be designed and optimised for stationary devices and should handle the low mobility scenario (speeds up to 30 km/h) well.

Performance at speeds of higher than 30 km/h and up to 130 km/h needs to be evaluated by using link level simulations and analysis of the cell reselection performance at speeds higher than 30 km/h.  No system level simulation or coverage beyond legacy GPRS is required. It is FFS how the link level simulation will be defined.

	Re-use of existing infrastructure
	 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.
It is expected 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:  3GPP TSG RAN WG4 involvement is needed as long as UMTS and LTE bands usage is concerned.

	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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