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Abstract of the contribution: This paper proposes a solution for the Key Issue on Expected UE Behaviour.
1
Discussion

The key issue on Communication Pattern provisioning for CIoT includes two sub-issues:

-
Which parameters are necessary to be indicated to the 5GC in order to allow the 5GC to operate as effectively as EPC for devices with communication patterns and how they are provided to the AMF;
-
Investigate the relevance of parameters in Communication Pattern list for the procedures and features in 5GC.

This paper focuses on investigating all the Communication Pattern parameters defined in TS 23.682 examining their relevance and usefulness for 5GS and how it can be provided to AMF.
TS 23.682 defines the following Communication Pattern parameters:

-
Periodic communication indicator;

-
Communication duration time;

-
Periodic time;

-
Scheduled communication time;

-
Stationary indication.
In the following clauses, the above parameters are presented in a more detailed manner and it is explained how they can be used for CIoT scenarios in 5GS.
1.1
Periodic Communication Indicator

Periodic communication indicator identifies whether the UE communicates periodically or not, e.g. only on demand. This indicator is optional and is used with other parameters.

Use Case: There are some use cases in the table 2.1.2-1. The smart electric meters usually report some message periodically while smoke alarm detectors report the exception event only on demand.
Table 2.1.2-1 Traffic Models for Cellular IoT

	Category
	Application example
	UL Data Size
	DL Data Size
	Frequency

	Mobile Autonomous Reporting (MAR) exception reports
	smoke alarm detectors, power failure notifications from smart meters, tamper notifications etc.
	20 bytes
	0

ACK payload size is assumed to be 0 bytes
	Every few months;

Every year

	Mobile Autonomous Reporting (MAR) periodic reports
	smart utility (gas/water/electric) metering reports, smart agriculture, smart environment etc.
	20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.
	50% of UL data size

ACK payload size is assumed to be 0 bytes
	1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)


Potential system enhancement: Periodic communication indicator should be used with the other parameters to enhance the network. If the UE communicates periodically then the periodic time can be used to determine mobility management parameters, for example, the timer of periodic registration update should be set longer than the periodic time.
Observation 1: Periodic communication indicator can be used to identify whether the network can be enhanced for specific UEs with periodic parameters or not. If a periodic communication indicator is requested, it relies on the associated parameters.
1.2
Communication duration time

The communication duration time denotes the duration interval time of periodic communication. It should be considered optional, and may be used together with the Periodic Time Indicator. Example value: 5 minutes.

Use Case: One possible scenario is hydrology monitoring. Many sensors are deployed to upload the related information to the monitoring centre. The related information includes water volume, flow velocity, related video and so on. There is a duration time for each upload procedure. The end point of communication time can be inferred from the duration time.

Potential system enhancement: The initiation of AN release may be initiated by the AMF. With the communication duration time, the AMF could trigger AN release procedure at the end of the communication time. When there is no communication service, UE is able to enter CM-IDLE state in time. Then such mechanism could save the energy to some degree.

Observation 2: Communication duration time could be used for inferring the end time of the communication. The end time could be used to initiate the transition from CM-CONNECTED to CM-IDLE state.

1.3
Periodic time

The periodic time is the Interval Time of periodic communication. It should be considered optional and is used together with the Periodic Communication Indication. Example value: every hour.

Use Case: One possible scenario is the periodic reports of smart electric meters and the periodic time can be 30 minutes. The relevant functional department collects the electricity consumption periodically to make some statistical analysis.

Potential system enhancement: The periodic time of registration update is variable and can be set as needed. In the above scenario, the timer should be longer than 30 minutes. Then the smart meters upload the data every 30 minutes. Less periodic registration update procedure will save the signalling.

Observation 3: Periodic time could be used for determining mobility management parameters, such as determining the periodic time of registration update so as to save the signalling.

1.4
Scheduled communication time

The scheduled communication time might be the time zone and day of the week when the UE is available for DL only or UL only or bi-directional communication [optional]. Example: Time: 13:00-20:00, Day: Monday, DL only.

Use Case: One possible scenario for using scheduled communication time is the data upload of smart meter (e.g., for measuring the electricity consumption). The data upload of the smart meter could be periodic (e.g., every month or every quarter), so as to deliver the related information to the relevant functional department and formulate a charging sheet for each billing target. The scheduled time for each smart meter could be pre-configured, or set by their owners. In addition, the scheduled communication time could be along with DL only, UL only or bi-directional communication indication.

Potential system enhancement: It is noted that whether UE could enter “MICO” mode or not depends on the decision of AMF. With the Scheduled communication time and UL indication, the AMF could include MICO indication in registration accept message, so as to let UE enter MICO mode when there is no more uplink data. Such mechanism could save the energy on the UE side since in MICO mode UE will not listen the paging from the network. 

Observation 4: Scheduled communication time could be used for determining MICO mode UE so as to save energy consumption of some specific devices.

1.5
Stationary indication

Stationary indication identifies whether the UE is stationary or mobile. 

Use Case: One use case is that a UE is a household electric appliance (e.g., smart water meter), which is fixed in at home and does not move around.
Potential system enhancement: With the Stationary indication, the AMF can configure the Registration Area (i.e., TAI list) with a single TA that contains the UE’s location, which might save the paging resources especially when the number of such kind UE is large. Note that it is possible that AMF might deduce the RA based on historical and statistical data (while in TS 23.501, only mobility pattern/mobility restrictions are clearly identified), which might realize the same mechanisms. However, whether AMF might consider the historical information or not is implementation related, and the historical or statistical solution may not work when the available information is not enough.
Observation 5: Stationary indication could be used for determining the paging procedure for some specific UEs.

“Expected UE Moving Trajectory” is in the list of Expected UE Behaviour in Rel-15 5GC and according to its description “Stationary indication” should be regarded as an example of an “Expected UE Moving Trajectory”. So “Stationary indication” can be merged into “Expected UE Moving Trajectory”.
2
Proposal
It is proposed to capture following solution.
**** Start of Change ****
6. X
Solution #X: Communication Pattern provisioning for CIoT
6.X.1
Introduction
This solution addresses Key Issue #X (Expected UE Behaviour), and partially addresses Key Issue #4 (Power Saving Functions) as well as Key Issue #3 (High Latency Communication). It focuses on dealing with which parameters shall be provided to 5GC, investigating their relevance and analysing how they can be provided to AMF.

This solution proposes that the Communication Pattern parameters including Stationary indication, Periodic communication indicator, Communication duration time, Periodic time and Scheduled communication time are provided to 5GC so as to optimize the resource usage for CIoT. In the below table, “Stationary indication” has been merged into “Expected UE Moving Trajectory” and the relevance between them has been marked in the description content.

NOTE: 
The term “communication pattern” has been re-named to a more generic term "Expected UE Behaviour" (see approved S2-177625 in SA2#123).
Table 6. X.1-1: Description of Expected UE Behaviour (Communication Pattern) parameters

	Expected UE Behaviour parameter
	Description

	Expected UE Moving Trajectory
	Identifies the UE's expected geographical movement

Example: A planned path of movement or if the UE is stationary.

	Periodic Communication Indicator
	Identifies whether the UE communicates periodically or not, e.g., only on demand. [to be used with the Communication Duration Time and the Periodic Time, or both]

	Communication Duration Time
	Duration interval time of periodic communication [to be used together with Periodic Communication Indicator]

Example: 5 minutes.

	Periodic Time
	Interval Time of periodic communication [to be used together with Periodic Communication Indicator]

Example: every hour.

	Scheduled Communication Time
	Time and day of the week when the UE is available for DL only or UL only or bi-directional communication.

Example: Time: 13:00-20:00, Day: Monday, DL only.


6.X.2
Functional Description

It shall be possible to provide the parameters for CIoT in Table 6. X.1-1 to the AMF. The reasons are as follows:

-
Expected UE Moving Trajectory, to configure the UE with a Registration Area (TA-list) that includes the TAs along the Expected UE Moving Trajectory.
-
Periodic communication indicator, to identify whether the network can be enhanced for specific UEs with the periodic parameters or not. If a periodic communication indicator is requested, it relies on the associated parameters.
-
Communication duration time, to be used for inferring the end time of the communication. The end time could be used to initiate the transition from CM-CONNECTED to CM-IDLE state.

-
Periodic time, to be used for determining mobility management parameters, such as determining the periodic time of registration update so as to save the signalling.

-
Scheduled communication time, to be used for determining MICO mode UE so as to save energy consumption of some specific devices.
NOTE:
How Expected UE Behavior infleunces CM-CONNECTED to CM-IDLE state transitions, mobility management paramters, and MICO mode may also be infleunced by the parameters (Maximum Response Time and Maximum Latency) that are provided by solutions to Key Issue #10 (Network Parameter Configuration API via NEF).
6.X.3
Support of interworking
Editor's Note: This clause describes if and how EPC-5GC interworking is supported in this solution.

6.X.4
Procedures

The external parameter provisioning procedure defined in TS 23.502 clause 4.15.6.2 (External Parameter Provisioning) can be reused to provide Communication Pattern parameters to 5GC.
6.X.5
Impacts on existing entities and interfaces

Editor's Note: This clause describes impacts to existing entities and interfaces.
**** End of Changes ****
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