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Abstract of the contribution: This paper discusses LADN design considerations based on the UE power consumption and human mobility patterns.
1
Discussion
SA2 agreed with the concept of Local Area Data Network (LADN) in SA2 #119 and agreed on the LADN basic operations during the SA2#120 meeting.
Since the granularity of LADN service area can be smaller than the Registration Area, there are still remaining issues based on the UE movements across the LADN service area after the UE establishes the PDU session for the LADN.
Technical Issue 1. Whether to perform the registration update procedure when the UE crosses the LADN service area boundary.
Since the LADN service area is not the same as (e.g. mostly smaller than) the registration area, one might consider reporting the UE location whenever the UE crosses the LADN service area boundary so that the network determines whether the UE is located within the LADN service area.

To decide whether the UE reports its location to the network, we consider the UE power consumption. To analyze how much the UE consumes its power by performing registration update procedure, we compute the rate (i.e. the number of mobility registration update during a unit time) at which a UE in a closed region moves out of the border of the region, we use the fluid flow model in [1] and [2]. The boarder cross rate (i.e. the number of mobility registration update) is proportional to the perimeter (L) of the area and inversely proportional to the area (A) of the service region where [image: image2.png]


 is the average velocity of the UE as the formula (1).
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Assuming n hotspots (i.e LADN service area) with its perimeter (l) are deployed in one registration area (which area is A), the boarder cross rate is as the formula (2):
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The UE power consumption increases by [image: image6.png]Poy *

AR



 where [image: image8.png]Prou



 is the unit power consumption by performing one registration update in the UE and [image: image10.png]


 is the increased number of the registration update. The UE power consumption becomes significantly larger as the number of hotspot increases. To minimize avoid unnecessary power consumption and to reduce the signalling messages, we conclude that the UE shall not perform the registration update procedure when it crosses the LADN service area.

Proposal 1. The UE shall not perform the registration update procedure when it crosses the LADN service area.

Technical Issue 2. Whether to disconnect or deactivate the session
Since we decide that the UE does not perform registration update when it crosses the boundary of the LADN, we should design the behavior when the UE is located out of LADN service area after the UE establishes the PDU session. 
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Fig. 1. Design Considerations for LADN
We describes the three scenarios illustrated in the Fig. 1 where we need to decide whether to disconnect the PDU session or not. 
Case A1. UE moves out of the registration area that contain the LADN service area.
In the case A1 of the Fig. 2 (i.e. the UE movement across the tracking area boundary), when the UE moves out of the area with performing registration update procedure since it also moves out the registration area, we need to decide whether to disconnect or deactivate the session. 
This scenario may include the AMF relocation. If the UE moves across the AMF pool area, the new AMF may not have the configured LADN information and it may not have the proper connection to the serving SMF for the LADN. In this case, the network need to disconnect the PDU session. In this scenario, the old AMF triggers the disconnection of the PDU session during the AMF relocation procedure.
If the moves within the same AMF pool area, the network deactivates the PDU session based on the network policy.
Proposal 2A. It is proposed to disconnect the PDU session when the UE moves out of the registration area that include the LADN service area if the UE moves across the AMF pool area.
Proposal 2B. It is proposed to deactivate the PDU session when the UE moves out of the registration area that include the LADN service area within AMF pool area.
Case A2. The UE moves out of the LADN service area within the registration area while UE is in active mode
In the case A2 of the Fig. 2, the UE moves of the area in active mode and the network is aware that the UE is out of the area during the handover procedure, we need to decide whether to disconnect or deactivate the session. 
To decide whether we disconnect or deactivate the PDU session, we consider the human mobility pattern. According to the research, humans have a tendency to return to the locations they visited frequently before [3]. The probability function of finding an individual at his/her L-th most visited location is known as P(L) ~ L-α[4]. It means that if the LADN service area is one of most visited location, it is high probability that the UE returns the same location. Since it assumed that an operator constructs the registration area based on the UE mobility pattern, we conclude that the UE movements within the registration area shall not disconnect the PDU session. 

It is proposed to deactivate the session without disconnecting the PDU session within the registration area. The UE can come back to the area even after it transits to the idle mode. The UE may wakes up to establish the PDU session again. In order to avoid the signalling overhead and service interruption, we propose to deactivate the session instead of disconnecting the session within the registration area.
Proposal 3. It is proposed to deactivate the PDU session when the UE moves out of the LADN service area within the registration area.
Case A3. UE is located out of the LADN service area within the registration area after UE moves out of the area in idle mode

In the case A3 of the Fig. 1, the UE is located in A3 after the UE moves out of the area without performing registration update procedure in idle mode and the network is unaware that the UE is out of the area. At this moment, even if the UE application has uplink data to send for the PDU session, the UE shall not trigger Service Request since it is out of the area. 
Proposal 4. The UE shall not trigger Service Request for the LADN when it is located out of the LADN service area.

When a downlink packet arrives at the network for the PDU session, the network does not page the UE in the whole registration area but it pages the UE only in the LADN service area. After receiving no response from the UE, since the UE is out of the area, the network discard the downlink packet. 
Proposal 5. The AMF pages the UE not in the whole area but only in LADN service area when the downlink packet comes to the UPF.

At the same location A3 in the fig. 1, the UE can wake up due to the uplink/downlink traffic arrival for the other PDU session or perform periodic registration update procedure. When it happens, the network becomes aware that the UE is out of the LADN service area. Even for this case, the network does not perform anything on the LADN session since the UE can moves into the LADN service area without sending any notification to the network in idle mode.
Proposal 6. The AMF does not perform anything on the LADN session within the registration area even if the AMF is aware that the UE is out of LADN service area.
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2
Proposals
Proposal 1. The UE shall not perform the registration update procedure when it crosses the LADN service area.

Proposal 2A. It is proposed to disconnect the PDU session when the UE moves out of the registration area that include the LADN service area if the UE moves across the AMF pool area.

Proposal 2B. It is proposed to deactivate the PDU session when the UE moves out of the registration area that include the LADN service area within AMF pool area.
Proposal 3. It is proposed to deactivate the PDU session when the UE moves out of the LADN service area within the registration area.
Proposal 4. The UE shall not trigger Service Request for the LADN when it is located out of the LADN service area.

Proposal 5. The AMF pages the UE not in the whole area but only in LADN service area when the downlink packet comes to the UPF.

Proposal 6. The AMF does not perform anything on the LADN session within the registration area even if the AMF is aware that the UE is out of LADN service area.
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