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Abstract of the contribution: This paper proposes improvement for MICO UE to support delay tolerant responses from application servers.
1 Background
From the study and previous version of 23.501 we decided that the UE should be able to receive responses from application servers:

From TS 23.501 ver 0.3.1:

Editor's note:
When the UE is in CM-CONNECTED after it has sent MO Data it is FFS how long the network needs to maintain the UE in CM-CONNECTED to enable delivery of MT Data from an application server and/or DL over NAS of SMS, location services etc.

From TR 23.999:

NOTE4:
It is FFS how long response time from an application server can be supported when a UE is in MO only mode e.g. how can the UE be reachable for a longer period after sending a request to an application server. 
Observation: We have included support for pending data indication to support delivery of SMS, location services when the network already has received and buffered MT data. But we do not have any solution for expected responses from MO data that has been sent out. Current MICO Mode is not so useful for reasonable slow responses from application servers. On RAN level we do not want to keep the UE in CN-CONNECTED Mode longer than needed. Our expectations is that sometimes normal TCP sessions or TLS/DTLS negotiations may take longer time than the network normally keep the UE in CN-CONNECTED Mode. Existing Pending Data Indication allows RAN to utilize for example Connected Mode DRX until for example SMS or location service data are collected and sent to the UE.
Proposal: We propose to also include Pending Data indication from the UE to allow the network/RAN to utilize similar logic for reasonable slow DL data as response from mobile initiated request.

2 Proposal

It is proposed to include the following changes into TR 23.501
* * * Start of 1st change * * *

5.4
3GPP access specific aspects

Editor's note:
3GPP access specific aspects - e.g. handover, reachability, paging.

5.4.1
UE reachability in CM-IDLE

5.4.1.1
General

Reachability management is responsible for detecting whether the UE is reachable and providing UE location (i.e. access node) for the network to reach the UE. This is done by paging UE and UE location tracking. The UE location tracking includes both UE registration area tracking (i.e., UE registration area update) and UE reachability tracking ((i.e. UE periodic registration area update)). Such functionalities can be either located at 5GC (in case of CM-IDLE state) or NG-RAN (in case of CM-CONNECTED state).

The UE and the AMF negotiate UE reachability characteristics in CM-IDLE state during registration and registration update procedures.

Two UE reachability categories are negotiated between UE and AMF for CM-IDLE state:

1.
UE reachability allowing Mobile Terminated data while the UE is CM-IDLE mode.

-
The UE location is known by the network on a Tracking Area List granularity

-
Paging procedures apply to this category.

-
Mobile originating and mobile terminated data apply in this category for both CM-CONNECTED and CM-IDLE mode.

2.
Mobile Initiated Connection Only (MICO) mode:

-
Mobile originated data applies in this category for both CM-CONNECTED and CM-IDLE mode.

-
Mobile terminated data is only supported when the UE is in CM-CONNECTED mode.

Whenever a UE enters CM-IDLE state, it starts a periodic registration timer according to the periodic registration timer value received from the AMF during a registration procedure.

The AMF allocates a periodic registration timer value to the UE based on local policies, subscription information and information provided by the UE. After the expiry of the periodic registration timer, the UE shall perform a periodic registration. If the UE moves out of network coverage when its periodic registration timer expires, the UE shall perform a registration update when it next returns to the coverage.
The AMF runs a mobile reachable timer for the UE. The timer is started or re-started with a value longer than the UE's periodic registration timer whenever the CM state for the UE changes to CM-IDLE. If this timer expires, the AMF can deduce that the UE is not reachable. However, the AMF does not know for how long the UE is not reachable, thus the AMF shall not immediately de-register the UE. Instead, the AMF should clear the PPF flag and start an Implicit De-registration timer, with a relatively large value.
NOTE:
the AMF considers the UE in CM-IDLE state always unreachable if the UE is in MICO mode (refer to clause 5.4.1.3).

With the PPF clear, the AMF does not page the UE and shall reject any request for delivering DL signalling or data to this UE.

If the Implicit De-registration timer expires before the UE contacts the network, the AMF implicitly de-register the UE.

5.4.1.2
UE reachability allowing mobile terminated data while the UE is CM-IDLE

5.4.1.2.1
General characteristics

For this category, the UE reachability is determined by the following aspects:

-
The UE reachable time window: when the UE is reachable for paging in CM-IDLE. In the absence of any negotiation of UE reachable time window, the UE is assumed always reachable for paging while in CM-IDLE.

Editor's note:
How to negotiate when the UE becomes reachable is FFS and has dependency on RAN procedures for paging.

-
UE reachable area: This area is equal to the registration area provided by the AMF during initial registration or registration update procedures.

-
High latency communication: The handling of the mobile terminated data in the core network when the UE is unreachable for extended periods of time.

Editor's note:
High latency communication handling for 5G system is FFS.

5.4.1.3
Mobile Initiated Connection only (MICO) mode

A UE may indicate preference for MICO mode during initial registration or registration update. The AMF, based on local configuration, UE indicated preferences, UE subscription information and network policies, or any combination of them, determines whether MICO mode is allowed for the UE and indicates it to the UE during Registration procedure.

The UE and core network re-initiates or exits the MICO mode at subsequent registration signalling. If MICO mode is not indicated explicitly in Registration procedure and registration procedure is successful, then both the UE and the AMF shall not use the MICO mode i.e. the UE behaves as a normal UE and the network treats the UE as a normal UE.
The UE may include Pending Data Indication in the Service Request to indicate to the network that the UE is expecting a response from an application server as result from a coming MO initiated data transfer. 
The AMF assigns a registration area to the UE during the registration procedure. When the AMF indicates MICO mode to a UE, the registration area is not constrained by paging area size. If the AMF serving area is the whole PLMN, based on local policy, and subscription information, may decide to provide an "all PLMN" registration area to the UE. In that case, re-registration to the same PLMN due to mobility does not apply.

If mobility restrictions are applied to a UE in MICO mode, the AMF needs to allocate an allowed area/non-allowed area to the UE as specified in clause 5.3.4.1.
When the AMF indicates MICO mode to a UE, the AMF considers the UE always unreachable while in CM-IDLE. The AMF rejects any request for downlink data delivery for UE in MICO mode and CM-IDLE with an appropriate cause. The AMF also defers downlink transport over NAS for SMS, location services, etc. The UE in MICO mode is only reachable for mobile terminated data or signalling when the UE is in CM-CONNECTED mode.

In order to allow for timely delivery of mobile terminated data and/or signalling, when a UE in MICO mode transitions to CM-CONNECTED, the AMF may provide a Pending Data indication to the RAN node. If the RAN node receives this indication, the RAN node may take this information into account when determining user inactivity. The indication from AMF to RAN may differentiate whether the indication originates from the UE or from the network.
A UE in MICO mode need not listen to paging while in CM-IDLE. A UE in MICO mode may stop any access stratum procedures in CM-IDLE, until the UE initiates CM-IDLE to CM-CONNECTED mode procedures due to one of the following triggers:

-
A change in the UE (e.g. change in configuration) requires an update its registration with the network.

-
Periodic registration timer expires.

-
MO data pending.

-
MO signalling pending (e.g. SM procedure initiated).

Editor's note:
It is FFS whether the AMF indicates to the RAN that the UE is in MICO mode.

If a registration area that is not the "all PLMN" registration area is allocated to a UE in MICO mode, then the UE determines if it is within the registration area or not when it has MO data or MO signalling.

5.4.1.4
Mobile Deregistration at the End of Communication

Editor's note:
It is FFS to define the name of this functionality.

A UE can perform deregistration at the end of communication without additional NAS signalling. The UE may indicate preference for the deregistration at the end of communication during registration procedure. The AMF determines whether it is supported for the UE, and indicates during the registration signalling. When the AMF applies the deregistration at the end of communication to the UE, the AMF considers the UE enters RM-DEREGISTERED at the release of N2 connection for the UE, and the UE moves to RM-DEREGISTERED when leaving CM-CONNECTED.
5.4.2
UE reachability in CM-CONNECTED

For a UE in CM-CONNECTED state:

-
the AMF knows the UE location on a serving (R)AN node granularity.

-
when the UE reachability can be managed by the NG-RAN, see TS 38.xxx [x], the AMF shall periodic Registration Area Update timer value and the TAI List constituting UE's Registration Area to the NG-RAN.

-
the NG-RAN notifies the AMF when UE becomes unreachable from RAN point of view.

UE RAN reachability management is used by RAN for UEs in RRC Inactive state, see TS 38.xxx [x]. The location of a UE in RRC Inactive state is known by the RAN on a RAN Paging Area granularity. A UE in RRC Inactive state is paged in cells of the RAN Paging Area it is currently registered in. The RAN Paging Area can be a subset of cells configured in UE's Registration Area or all cells configured in the UE's Registration Area. UE in RRC Inactive state performs Paging Area Update (PAU) when entering a RAN Paging Area that the UE is not registered in.
At transition into RRC Inactive state RAN configures the UE with a periodic PAU timer value and the timer is restarted in the UE and in the RAN. After the expiry of the periodic PAU timer in the UE, the UE in RRC Inactive state performs periodic PAU.

Editor's note:
The value of the periodic PAU timer will be defined together with RAN WGs.

To aid the UE reachability management in the AMF, upon the expiry of the periodic PAU timer in RAN, the RAN releases the N2 signalling connection for that UE indicating to the AMF that the UE is unreachable due to expiry of the periodic PAU time. RAN may decide to delay the release the N2 signalling connection. If the RAN releases the N2 signalling connection, the AMF shall enter CM-IDLE state see clause x.y.z.
Editor's note:
Further actions, e.g. when to start the implicit deregistration timer, in AMF in CM-IDLE state after unreachable notification is received, are FFS.

5.4.3
Paging Policy Differentiation

Paging policy differentiation is an optional feature that allows the AMF, based on operator configuration, to apply different paging strategies for different traffic or service types provided within the same PDU session.

When 5GS supports Paging Policy Differentiation (PPD) feature is supported, the DSCP value (TOS in IPv4 / TC in IPv6) is set by the application to indicate to 5GS which Paging Policy should be applied for a certain IP packet. For example, as defined in TS 23.228 [xx], the P-CSCF may support Paging Policy Differentiation by marking packet(s) to be sent towards the UE that relate to a specific IMS services (e.g. conversational voice as defined in IMS multimedia telephony service).

In case of Network Triggered Service Request and the SMF has activated the PPD feature, the UPF shall include the DSCP in TOS (IPv4) / TC (IPv6) value from the IP header of the downlink data packet in the data notification message sent to the SMF. SMF sets the Paging Policy Indicator (PPI) to the received DSCP value, and includes the PPI and the 5QI in the N11 message sent to the AMF. If the UE is in CM IDLE, the AMF uses the 5QI and the PPI to derive different paging strategies, and may include the PPI in the paging message sent to RAN over N2. It shall be possible for the operator to configure the SMF and AMF in such a way that the Paging Policy Differentiation feature only applies to certain HPLMNs and may utilise specific DNNs and 5QIs.

NOTE 1:
Network configuration needs to ensure that the information used as a trigger for Paging Policy Indication is not changed within the 5GS.

NOTE 2:
Network configuration needs to ensure that the specific DSCP in TOS (IPv4) / TC (IPv6) value, used as a trigger for Paging Policy Indication, is managed correctly in order to avoid the accidental use of certain paging policies.

Editor's note:
The relationship between "paging priority" and PPD are FFS.

For a UE in RRC Inactive state RAN may, for certain QoS flows, use the DSCP in TOS (IPv4) / TC (IPv6) information received in the IP header containing the UE's IP address (the inner IP header) and associated QoS profile as input for the paging policies applied in RAN for RAN paging.
* * * End of 1st change * * *
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