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Abstract: This contribution proposes to add the Home automation use case in TR 22.859 version 0.0.0 and to identify the potential new requirements of this use case.
****First CHANGE****

[bookmark: _Toc524419768]3	Definitions, symbols and abbreviations
[bookmark: _Toc524419769]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
…




****Next CHANGE****

[bookmark: _Toc524419771]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
Abbreviation format (EW)
<ACRONYM>	<Explanation>



 

****2nd CHANGE****
5.X Traffic Scenario: inHome
[bookmark: _Toc528919280]5.X.1 Description
Houses have many opportunities to be automated, the traditional light bulbs, power sockets to thermostats, sprinkler systems, leak detection and the new smart appliances such as ovens, washing machines, faucets etc. For these devices, to be known as PIN UEs (P-UE) they can have the following characteristics:
i)	some have continuous power and others don’t;
ii)	some have strict latency requirements e.g. items that are part of an alarm system, while others provide delay tolerant data;;
iii)	need to perform an action so an individual sees an action as instantaneous; and
iv)	need to perform an action but they don’t have strict latency requirements e.g. sprinklers need to come on but it doesn’t matter if its few seconds late.
The P-UEs listed above and many others not can communicate with hubs, gateways where some control can take place at the gateway e.g. thermostats and sprinkler controllers are usually self-contained within the P-UE whereas power sockets and light bulbs might communicate with PIN UE that manages the PIN that control their actions. In addition, thermostats etc can also communicate with these PIN UEs that manage the network. Power sockets, light bulbs and switches can also act as relay type devices.

NOTE 1:	A thermostat controller may have remote sensors that communicate with the thermostat. Effectively there can be a PIN within a PIN.
In case of the PIN UE that manages the PIN these could be placed in one corner of the house. When planning a network in a house many houses suffer from problems of coverage due to the number of floors and other obstacles (i.e. walls, doors, columns, furniture). When the PIN UE that manages the PIN connects to a broadband network most houses have only one entry network point where the gateway can be installed.
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[bookmark: _Hlk515557]Figure 5.X.1-1: inHome scenario
Recabling a house in order to install more small cells to increase the coverage will not be an option for most houses. Furthermore, with the use of millimeter waves there is the danger that the signal is blocked even by people while moving and alternative connections are needed. Therefore, enhanced “fully meshed relays” will play a key role in achieving extensive fault tolerant coverage in inHome scenarios while avoiding additional base stations and cables. These fully meshed relays allow the resident of the home to position relays to create a network that is fault tolerant e.g. should a relay fail, devices such as those that detect motion or a door opening can still reach the PIN UE that manages the PIN. Data is encrypted from the end device to the PIN UE that manages the PIN.
NOTE 2:	It is up to the home resident to plan their network accordingly so a single failure in the PIN does not stop a P-UE communicating with any other PIN UE.  The home resident is aware that certain types of devices can act as relays.

5.X.2	Pre-conditions
Let’s consider an average house can be around 100m2-120m2 with 3 floors Regarding devices and applications within the home we can categorize them in the following groups:
a)	Lighting, Appliances, sockets and Climate Control: This is the traditional home automation and control network where continuous power is available to each function.  These PIN UEs can act as fully mesh relays due to being continually powered. Their time to change state (e.g. light bulb from off to on) needs to occur within 200ms.
b)	Security Systems: This includes traditional security components such as motion detector, door / window sensors, automatic lock (PIN UEs). These items are battery powered, incase of door / window sensors it can be expected that the battery should last for 2+ years. Due to nature of these PIN UEs the delay to inform the a PIN UE that manages the PIN network that an event has occurred needs to be 200ms. Some devices will need to rely on mesh relays for routing their data.
PIN-user is aware that they need to plan their network (PIN) and walls, doors etc can present challenges to planning a network.
PIN-user is aware which devices (P-UE) can act as a relay and which ones cannot.
Some example dimensions of products PIN UEs are:
I	Light switch (P-UE): 1.76 x 2.2 x4.1 inches (USA), 86 x 86 x 41 mm (EU);
II	Power outlet (P-UE): 1.75 x 2.1 x 4.2 inches (USA), 86 x 86 x 50 mm (EU);
III	Motion sensor (P-UE): 18 x 71 x 19 mm, Battery ER14250[footnoteRef:1]; [1:  An example product https://manuals.fibaro.com/door-window-sensor-2/] 

IV	Light bulb (P-UE): 3 x 4.9 x 3 inches (USA), 6.5 × 6.5 × 14 cm (EU).
A PIN has at least one PIN UE that manages the PIN. This PIN UE contains a list of PIN UEs that are in the PIN, what each PIN UE is allowed to do (act as a relay in the PIN, end device) and what credentials they use to access the PIN. A PIN UE may be used to provision each PIN UE in the gateway PIN UE.
[bookmark: _Toc528919282][bookmark: _Hlk530271]5.X.3	Service Flows
Florence (PIN-User) has decided to build a home automation network (PIN) and has purchased a number of devices i.e. some light bulbs, power sockets, a gateway that acts as a voice assistant and door / window sensors (these are known as P-UE). The instructions on the P-UE indicate that the P-UE should be no more than 100m from the GP-UE however this might be affected by walls, furniture etc. To improve connectivity some P-UE can help extend coverage of the PIN e.g. relays. The light bulbs and power sockets indicate that these devices can help extend the coverage. Florence installs her P-UEs one by one using her smartphone and designates that each P-UE will communicate with the PIN UE that manages the PIN. Checking her APP she can see each individual P-UE on her smartphone and she sees one of the P-UEs, door sensors, is offline. She moves a PIN UE that acts as a relay, smart light bulb, and then opens and closes the door and sees in real time the door sensor reports the action. A while later her son turns the light switch off as he sees it in the wrong position. Later that day Florence sees the P-UE, door sensor, offline again and finds out her son turned the light switch off. She decides to install a smart light switch near the door sensor to prevent that issue from occurring again. Florence (PIN-User) can now speak to the voice assistant that turns the light bulbs on and off in real time. The door sensor reports when the door is opened and closed with notifications on her smartphone in real-time. She configures the PIN via her smartphone so that only her and her husband get notifications from the door / window sensor on their smartphone and only her husband and herself can control the lights and power sockets via their smartphones.
Florence (PIN-User) also installs a smart door lock (P-UE) that she can control from her phone. She also gives her son and husband access to control the lock, her son is only allowed to control the lock when he leaves for school and when he returns. Only Florence (PIN-User) is able to add additional devices or remove them from the PIN using her smartphone.
Over the course of the next few weeks Florence extends her PIN to also include a switchable outlet (P-UE) in the garden “garden outlet”. This is about 30m from the house and her PIN UE that manages the PIN is another 10m in the house in another room. In the course of getting the communications to work with the “garden outlet” she installs power outlets and switches in other rooms and her garage. She discovers that 2 of the power outlets have successfully allowed her to control the switchable outlet in the garden. Over the course of the year an outlet fails and she notices her “garden outlet” cannot be controlled. The outlet that failed was not one of the known ones that helped her achieve connectivity last time, she replaces the failed outlet and installs another one in the same room. She does a test on both the new and replaced outlets and finds out if both are disconnected her “garden outlet” stops working but if one is working the “garden outlet works”.
Later a new version of the PIN that managed the PIN comes out and Florence (PIN-User) just needs to have it. She brings the new device, and via the APP transfers her P-UEs from the old PIN UE that managed the PIN to the new PIN UE that manages the PIN.
When Florence installs a new device (P-UE) into the PIN the instructions indicate that the device that manages the PIN has to be within 2m so that the 2 devices can successfully communicate.
[bookmark: _Toc27760573]5.X.4	Existing features partly or fully covering the use case functionality
Editor’s Note:	The existing features that are not related to TBD
5.X.5	Potential Functional Requirements
[PR 5.X.6-1]	The 5G system shall support the ability to create a Personal IoT Network.



[PR 5.X.6-3]	A PIN shall support both delay and non-delay tolerant services PIN. Maximum delay for non delay tolerant services shall be 200ms from the sending UE to the receiving UE (e.g. ask the voice assistant to turn a light on).
Editor’s Note:	A reference needs to be added to support the 200ms else the metric needs to be deleted.


 





[PR 5.X.6-8]	The PIN shall have at least one P-UE designated as a GP-UE.
[PR 5.X.6-9]	The PIN shall support a CP-UE. A CP UE can add (Register) or delete (Deregister) a P-UE in the PIN. 
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