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Abstract of the contribution: The contribution proposes a solution for KI#2, Registration Management for Ambient IoT Devices.
1.  Discussion
This paper proposes a new solution for Key Issue #2: Identification, Subscription, Registration and Connection management and Key Issue #1: Architecture support of Ambient IoT Devices.
In the existing registration management procedure, UE sends messages to AMF for initial registration, mobility registration update, and periodic registration update. The UE maintains a timer for periodic registration. However, AIoT device A cannot actively send messages. Furthermore, since Device A does not have a power supply, it cannot maintain a timer. Device A cannot use the existing registration management procedure. It is necessary to consider a new registration procedure for Device A.
Regarding the registration management procedure for AIoT devices, the following should be considered with respect to the topology-1 (BS < -- > Ambient IoT Device):
· AIoT devices have ultra-low complexity/power/cost and are resource-constrained, and therefore might not be able to register by themselves to the 5GS.
· Device A has no energy storage and has no capability for independent signal generation/amplification. Device A is capable of backscattering transmission only.
· The network needs to support a huge number of AIoT devices.
Based on the above consideration, the following aspect needs to be studied:
Study the registration procedure and related functionalities considering the capability and the characteristics of AIoT devices;
This paper addresses mobile registration and periodic registration.
2. 	Proposal
[bookmark: _Hlk513714389]It is proposed to agree the following changes to 3GPP TR 23.700-13.
[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037]

[bookmark: _Toc148441670]********** First Change **********
[bookmark: _Toc157661583][bookmark: _Toc160698594][bookmark: _Toc160444891][bookmark: _Toc160711449][bookmark: _Toc92875666][bookmark: _Toc160444959][bookmark: _Toc93070690]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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********** Second Change (All new texts) **********
6.X	Solution #X: Mobility Registration Update and Periodic Registration Update triggered for Ambient IoT Devices for registration update in Topology-1.
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc157501966]6.X.1	Description
This solution is targeting KI#2 Identification, Subscription, Registration and Connection management. It is related with KI#1 as well.
It is assumed each Ambient IoT device has and is identified with a unique internal ID (e.g., EPC ID), and is capable of DO-DTT transmission only.  It is assumed each the BS serves a registration area. The BS has a timer and controls the timing of starting the registration procedure for each AIoT device. AMF keeps the registration area information of the AIoT devices, determines the movement of the AIoT device as well, and controls the device registration information stored in BS. To deal with many AIoT devices, BS has also a mechanism to spread transmissions from AIoT devices.
Editor's note:	It is FFS what is registration area in terms AIoT devices.

[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc157501967]6.X.2	Procedures
6.X.2.1	Periodic triggered AIoT devices to perform Registration Update that serves also as Mobility Registration Update
The procedure of Periodic Registration Update that serves also as Mobility Registration Update is as depicted in Figure 6.X.2.1-1.
[image: ]

Figure 6.X.2.1-1: Periodic triggered AIoT devices to perform Registration Update that serves also as Mobility Registration Update
0.  Periodic notification timer (e.g., 1 hour) set by BS#1(AIoT RA#1) expires.
1.  BS#1 (AIoT RA#1) broadcasts the AIoT Registration Activation Request. It may include the following to indicate AIoT devices not expected to respond to this request: 
-	A list of EPC IDs of AIoT devices which have already registered in BS#1(RA#1).
-	Optionally, bitmask.
Editor's note:	It is FFS whether it is feasible to include the complete list of AIoT Device IDs in the Activation Request Message.
2.  AIoT device#1 verifies its own identifier against the list of EPC IDs and the bitmask to determine whether it is expected to respond. If no, then the AIoT device#1 does not respond. If yes, then the AIoT device#1 responds to the request in step1 including its device identifier. (e.g., device identifer #1).
3. 	BS#1(AIoT RA#1) sets a periodic registration timer (e.g., 6 hours) for the AIoT device #1.
4. 	BS#1(AIoT RA#1) sends the AIoT Registration Request containing device identifier #1 to AMF.
5. 	AMF notices the AIoT device#1 is situated in RA#1 based on that AMF has received the AIoT Registration Request from the the BS#1. AMF stores this RA#1 in the context of the AIoT device #1 and setconfigures AIoT Mobile Reachable Timer for the AIoT device #1 (e.g., 6 hours and 30 minutes) which is longer than the periodic registration timer configured in step-3..
6.  AMF sends Nudm_UECM_Registration request containing device identifier #1 to UDM.
7.  UDM sends Nudm_UECM_Registration response back to AMF.
8.  AMF sends the AIoT Registration Response to BS#1(AIoT RA#1). 
9.  The device registration status is transferred by BS#1(AIoT RA#1) to other BS(s) which make up the AIoT RA#1. BS#2 responds to the massage. It may include the following:
	-	Device Identifier
	-	Periodic registration timer
10. BS#1 will also receive the device registration status from other BS(s) in the same Registration Area (AIoT RA#1). For example, when another AIoT device#x becomes registered in BS#2(AIoT RA#1), BS#2(AIoT RA#1) also transfers the registration status of the AIoT device#x to BS#1(AIoT RA#1) and BS#1 responds to the transferred message.
Editor's note:	It is FFS whether the periodic registration update triggered by BS is needed for Inventory.
Editor's note:	It is FFS what is the device registration information stored in BS.
6.X.2.2	Periodic triggered AIoT devices to perform Registration Update that serves also as Mobility Regist	ration Update (Cont.)
The procedure of Periodic Registration update that serves also as Mobility Registration Update continues as depicted in Figure 6.X.2.2-1.
[image: ]

Figure 6.X.2-2-1: Periodic triggered AIoT devices to perform Registration Update that serves also as Mobility Registration Update (Cont.)
0.  It is assumed that AIoT device#2 has moved to the coverage of BS#1(AIoT RA#1). Another periodic notification timer (e.g., 1hour) experies. 
1.  BS#1(AIoT RA#1) sends the AIoT Registration Activation Request again, but this time the message contains EPC ID of the AIoT device#1  for which the periodic registration timer is not expired yet.
2.  AIoT device#1 verifies its own identifier against the list of EPC IDs and the bitmask and determins not to respond.
	AIoT device#2 verifies its own identifier against the list of EPC IDs and the bitmask and determins to respond. AIoT device#2 responds to the request including its device identifier. (e.g. device identifer #2).
Afterwards, step 3 and onwards in clause 6.X.2.1 apply.
6.X.2.3	BS relocation according the update of the latest registration area of AIoT devicePeriodic Registration Update that serves also as Mobility Registration Update when Ambient IoT device moves
The procedure of Periodic Registration update that serves also as Mobility Registration Update when Ambient IoT device moves is as depicted in Figure 6.X.2.3-1.
[image: ]
Figure 6.X.2.3-1: BS relocation according the update of the latest registration area of AIoT device. Periodic Registration Update that serves also as Mobility Registration Update when Ambient IoT device moves
0.  It is assumed that after 3 hours, AIoT device#1 moves to BS#3(AIoT RA#2). Periodic notification timer (e.g., 1 hour) set by BS#3 (AIoT RA#2) expires.
1.  BS#3 (AIoT RA#2) sends the AIoT Registration Activation Request.
2.  AIoT device#1 verifies its own identifier against the list of EPC IDs and the bitmask and determins to respond. 
3.  AIoT device#1 responds to the request including its device identifier. (e.g. device identifer #1).
4.  BS#3(AIoT RA#2) sets a periodic registration timer (e.g., 6 hours) for AIoT device #1.
5.  BS#3(AIoT RA#2) sends the AIoT Registration Request containing device identifier #1 to AMF.
6.  AMF notices the AIoT device#1 is situated in RA#2 based on that AMF has received the AIoT Registration Request from the the BS#3. AMF recognizes that the AIoT device #1, which was registered to AIoT RA#1, is now registered in AIoT RA#2. AMF stores this RA#2 in the context of the AIoT device  #1 and resets the AIoT Mobile Reachable Timer for the AIoT device #1 to the initial value (e.g., 6 hours and 30 minutes).
	Since it is the same AMF, notification to UDM can be omitted.
7.  AMF sends the AIoT Registration Response to BS#3(AIoT RA#2)..
8.  AMF sends the AIoT device Deregistration Request to BS#1(AIoT RA#1) for AIoT Device#1.  BS#1(AIoT RA#1) sends the AIoT device Deregistration Response to AMF.
9.  AMF sends the AIoT device Deregistration Request to BS#2(AIoT RA#1) for AIoT Device#1.  BS#2(AIoT RA#1) sends the AIoT device Deregistration Response to AMF.
6.X.2.4	Deregistration
The procedure of Deregistration is as depicted in Figure 6.X.2.4-1.
[image: ]
Figure 6.X.2.4-1: Deregistration
1. After that, it is assumed that another 7 hours have passed, and there is no notification from AIoT device#1. Due to the expiration of AIoT Mobile Reachable Timer for AIoT device #1, AMF sets AIoT Implicit De-registration timer (e.g., 6 hours and 30 minutes) for AIoT device #1.
2. After that, it is assumed that another 7 hours have passed, and there is no notification from AIoT device#1. Due to the expiration of AIoT Implicit De-registration timer for AIoT device #1, AMF starts the Deregistration procedure for AIoT device#1.
3. AMF sends Nudm_UECM_Deregistration request to UDM including device identifer#1.
4. UDM sends Nudm_UECM_Deregistration response to AMF. 
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc157501968]6.X.3	Impacts on services, entities and interfaces
UDM:
- 	Supports the registration management for AIoT devices based on the AIoT device identifier.
AMF
- 	Storing RA of AIoT device and supports controlling contexts for the registration management stored in BS (i.e., removing them when needed).
-	Supports setting AIoT Mobile Reachable Timer and AIoT Implicit de-registration timer per AIoT device.
BS
-	Supports broadcasting the AIoT Registration Activation Request periodically.
-	Supports managing periodic registration timer per AIoT device and constructing the content of the AIoT Registration Activation Request accordingly.
-  Supports sharing the device registration status among other BSs that share the same registration area.
********** End of Changes **********
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