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1. Background

This contribution evaluates Solution 19: 5GS UP Optimization for Infrequent Small Data Transmission, which maintains the UE context in the RAN while being in CM-IDLE at NAS and in the 5G Core Network. 

This evaluation takes as comparison another solution being proposed for 5G Cellular IoT, which maintains the context in the RAN, is using CM-CONNECTED with RRC inactive adding HLCom (i.e. handling of MT data when the UE is unreachable) for that case (Solution 24 for the case of RRC-Inactive). 

This contribution compares the two approaches from an impact and efficiency point of view.

2. Evaluation

2.1
Issues of CM-CONNECTED RRC inactive coexistence with power saving solutions / HLCom

Issue 1: Impact to NAS retransmission timers in AMF

Regularly, when the UE is in CM-CONNECTED state, and a network initiated NAS procedure is intiated, the AMF starts the NAS retransmission timer immiately and sends the DL NAS packet over N2 to the serving RAN node.  However, if the UE is in CM-CONNECTED with extended DRX and unreachable for long periods of times, the NAS retransmission timer would expire many times before the NAS message is delivered to UE making the NAS procedure fail. 

One potential work-around is increasing the NAS retransmission timer to very long times comparable to the extended DRX cycle, but that has negative consequences, as the AMF would very slow to react to an actual NAS delivery loss at the RAN. 

Another solution is to not start the NAS timer when the AMF has received an N2 notification that the UE may be unreachable, and instead asking the RAN node when the UE becomes reachable before starting the NAS procedure. Note that this is mimicking the AMF behaviour in CM-IDLE and has impacts in AMF, N2 signalling and RAN. 

	Observation 1: 

CM-CONNECTED with RRC inactive and power saving, adds a lot of impact to mimic CM-IDLE mode behaviour to handle NAS retransmission timers.

The proper handling of NAS retransmission timers in case of UE CM-IDLE and unreachable adds no impacts, as NAS timers are not started in the AMF until the UE moves to CM-CONNECTED.


Issue 2:
Handling of MT SMS

Regularly, if the UE is in CM-CONNECTED the AMF forwards the MT SMS payload received from the SMSF. Note that SMS infrastructure has its own retranmission timers, once the SMS is sent out. However, if the UE is in CM-CONNECTED with extended DRX and unreachable for long periods of times, the retransmissions timers in SMS infrastructure would expire many times before the AMF can deliver the MT SMS payload. 

Again, the AMF, based on N2 notification from RAN node that the UE may be unreachable, would have to have an “unreachable” flag in CM-CONNECTED and notify the SMSF. Based on SMSF request, the AMF would have to request the RAN node to bring the UE out of RRC inactive to RRC connected, and when the RAN notifies the AMF that the UE is in RRC connected, notify that the UE is now reachable. Again the AMF would be  mimicking the behaviour in CM-IDLE, adding more impacts to AMF behaviour in CM-CONNECTED. 

	Observation 2: 

CM-CONNECTED with RRC inactive and power saving adds impact to AMF to mimic CM-IDLE mode behaviour to handle MT SMS.

The proper handling of MT SMS in case of UE CM-IDLE and unreachable adds no impacts.


Issue 3:
UPF impacts for MT data in case of store & forward functionality in UPF
Regularly, if the UE is in CM-CONNECTED state, N3 recerence point is active, and MT data arrives, the UPF forwards the data over the N3 tunnel without any need to consult or request anything from the SMF. 

However, in the case CM-CONNECTED with RRC inactive, the UE is using extended DRX, and store & forward functionality is performed in the UPF, the RAN needs to notify the AMF that the UE may be unreachable, the AMF notify the SMF, and the SMF notify the UPF. 

Then the UPF based on the indication that the UE may be unreachable, needs to store the MT data even though it has an active N3 tunner, ask the SMF to bring the UE back to reachable, wait for the SMF to indicate to AMF that the UE is reachable, and then forward the data. Note that in this case, essentially the UPF is moving the N3 state to inactive, which is basically mimicking the UPF behaviour in CM-IDLE. Note also that in many cases, the UE would move to RRC connected in a different RAN node (inside the RAN notification area), so keeping the context of an N3 tunnel that is inactive brings marginal to no benefits. 

Again, the UPF behaviour of having N3 inactive and requesting the SMF to active N3 comes for free in case of CM-IDLE. The only impact is the addition of store and forward functionality which is common to any solution.   
	Observation 3: 

All solutions share the common impact of adding store and forward functionality in the UPF for long periods of time based on UE being unreachable.

CM-CONNECTED with RRC inactive and power saving adds on top the unnecessary impact to UPF to mimic CM-IDLE mode behaviour to treat N3 as inactive, start a “downlink data notification” towards SMF and wait for the SMF to notify the UPF that the UE is back to reachable to have N3 active.

The UPF behaviour towards the SMF adds no impacts (beyond S&F which is common to all solutions) in case of CM-IDLE.


Issue 4:
Control plane (AMF/SMF) impacts for MT data in case of store & forward functionality in UPF

Similar to issue 3, the control plane hanlding of MT data in case of UE being unreachable and in CM-CONNECTED adds quite some impact.

In the AMF, the AMF needs to notify the SMF that the UE is unreachable; then upon request from SMF of “downlink data notification”, the AMF needs to ask RAN to bring the UE RRC-CONNECTED and then notify the SMF when the UE is in RRC CONNECTED. This is very similar behaviour to AMF behaviour in CM IDLE.

The SMF basically needs to mimic the downlink data notification procedure which currently applies for UEs in CM-IDLE, but with the UE being in CM-CONNECTED.

Note that in idle mode, only impact is the common impact to all solution to decide extended buffering applies and notify UPF. 

	Observation 4: 

All solutions share the common impact of deciding in control plane function that extended buffering applies and notifying the UPF.

CM-CONNECTED with RRC inactive and power saving adds on top the unnecessary impact of mimicking downlink data notification procedure while UE is in CM-CONNECTED.

Downlink data notification is an existing procedure in CM-IDLE, so no added impacts.


	Conclusion 1: CM-CONNECTED with RRC inactive coexistence with power saving, forces all core network functions, i.e. AMF, SMF and UPF to replicate a lot of functionality that already exists for CM-IDLE. 

CM-IDLE is the natural state to use when the UE is unreachable for long periods of times.

Forcing the handling of UE being unreachable for CM-CONNECTED adds a lot of unnecessary impacts in the CN.


2.2
Efficiency of CM-CONNECTED RRC inactive in case of mobile Cellular IoT

An important additional issue with CM-CONNECTED with RRC inactive is the fact that the UE needs to perform RAN notification update procedure when the UE moves outside the RAN notification area. 

As has been discussed in Rel-15, the RAN notification area currently requires full Xn connectivity, which means RNA is relatively small. For mobile devices, the UE would need to perform RAN notification updates whenever it steps outside the RNA, which could be relatively frequently. This is not an issue for smartphones that have frequent data, but for the case of Cellular IoT with infrequent data and power saving, this would create potentially frequent unwanted power consumption by UE needing to perform RRC procedure to update the network. 

Therefore, the use of CM-CONNECTED with RRC inactive in case of mobile Cellular IoT may actually cause more power consumption due to RAN notification updates. 

In case of CM-IDLE, updates are no issue as the UE can move without signalling in the whole registration area. 
	Conclusion 2: CM-IDLE is the most efficient state to use for UEs in need of power saving.


3. Proposal

It is therefore clear that 5G UP optimization, which is enabled with the UE being in CM-IDLE, fits better in terms of efficieny and nework impact the requirements of Cellular IoT, in particular coexistence with power saving and handling MT data whne the UE is unreachable.

It is proposed to capture the observations and conclusions above in TR 23.724.

4. Proposed text to TR 23.724

First Change 

6.19
Solution 19: 5GS UP Optimization for Infrequent Small Data Transmission
6.19.1
Introduction

This solution addresses the Key Issue 1: Support for infrequent small data transmission. This solution has commonality with RRC procedure for RRC-Inactive, which can resolve Key issue 2: Frequent small data communication.

This solution is to optimize small data transmission for theUEs from CM-IDLE mode. It enables transfer of user plane data without need for the Service Request procedure. It is proposed to keep AS context in the NG-RAN including information the UPF connection and relevant QoS flow(s) to be used for the connection, even when UE moves into CM-IDLE. When UE resumes the connection, the NG-RAN uses the information to activate DRB, AS security and User Plane connectivity over N3 for the small data packet delivery to the UPF. The UPF also keeps N3 tunnel information for the PDU session to allow UL data transmission.
This solution has following characteristics:

-
The AS context contains information related to the N3 tunnel, N2AP association, UE context and DRB context, AS security information, Header Compression context, and any necessary for RRC resume. The AS context is configured during PDU session establishment or registration.

Editor's note:
The content of the AS Context should be further confirmed by RAN WG.

-
UE and NG-RAN may perform header compression for IP data based on the Header Compression context.

-
The AS context is kept in NG-RAN and UE after the connection suspend procedure.

-
AS security context is established between the NG-RAN and the UE. Therefore, existing AS security mechanism is re-used.
-
NG-RAN performs Connection Suspend procedure to suspend the connection for the UE. NG-RAN indicates release cause set to RRC-suspend, and includes the resume ID which is stored by the UE.
Editor's note:
It should be further confirmed by RAN WG to use RRC Connection Release procedure for connection suspend.
-
UE performs Connection Resume procedure using resume ID from CM-IDLE/RRC-IDLE state. So this solution is also applicable to MICO mode UE.
Editor's note:
It should be further confirmed by RAN WG to use Connection Resume procedure that is used for RRC-Inactive in NR.
-
After the UE performs RRC resume procedure, if NG-RAN determines if the AS context for the UE is valid, then the NG-RAN derives the AS security information, DRB, QoS flow and N3 tunnel information for the UE. The NG-RAN activates AS security, related DRB(s) and N3 tunnel(s).
-
As NG-RAN keeps N3 Uplink Tunnel Endpoint ID in the AS context, user plane for uplink transmission is maintained. Also UPF keeps N3 Uplink Tunnel Endpoint ID to allow UL data.
-
In case of serving NG-RAN is changed, new NG-RAN sends N3 Downlink TEID to SMF, and SMF updates this information to UPF so that path for downlink data transmission becomes available.
-
In case of selective activation of UP connections during service request procedure or CN-initiated selective deactivation of UP connection (see TS 23.502 [7]),  when the UE enters CM-IDLE via Connection Suspend procedure the AS context only contains the PDU session(s) that are active. When there is MO Data, the procedure is as follows:

-
The UE performs Connection Resume procedure at RRC layer. The UE and NG-RAN resume the PDU sessions that were active during Connection suspend procedure.

-
RRC layer notifies NAS the change of state to RRC connected and the PDU session(s) that are active. The NAS needs to be aware that all PDU session(s) that were active during Connection suspend procedure will be reactivated at the next RRC resume procedure, regardless of whether NAS needs this or not. If the NAS requires to further activate PDU session(s) that is/are not active, the UE initiates service request from CM connected, i.e. after Conenction resume procedure is complete, to activate the necessary PDU session(s).

NOTE:
Given that IoT devices are not likely to have a large number of PDU sessions, to reduce power consumption and signalling it is recommended that selective activation/deactivation of UP connection(s) is not used and all PDU sessions are activated when the UE is in CM-CONNECTED.
6.19.2
Functional Description
6.19.2.1
General
The AS context is stored in NG-RAN and it includes the relevant UPF or PDU session related information for the UE, which has been provided during PDU session establishment. During PDU Session establishment procedure, SMF provides N2 SM information which is stored in the NG-RAN in the AS Context. The UE and the NG-RAN use Resume ID to identify AS context.
When NG-RAN suspends the RRC connection to the UE, NG-RAN notifies the AMF with the AS context to be kept in the AMF as transparent. If new serving NG-RAN fails to retrieve the AS context from the old NG-RAN, the NG-RAN asks to the AMF to retrieve the AS context stored in the AMF.
When UE in CM-IDLE to send UL data or the UE receives paging message, the UE request to resume RRC Connection, if there is suspended AS context stored in the UE. During resume procedure, the NG-RAN derives necessary information to activate AS security, DRB and the path over N3 to the UPF. After RRC connection established, the UE can send UL data, and then the RAN forwards the data on the N3 interface. Given all information required to forward UL data is derived from the AS context for the UE, the NG-RAN does not have to signal to the AMF before sending UL data. The NG-RAN conditionally (e.g. if a DL tunnel is expected to be needed based on AS RAI) notifies AMF of UE's connection resume without depending on timing of UL data forwarding.

6.19.2.2
Mobility
Connected mode mobility is supported by existing handover procedures.
When the UE requests RRC resume and if the NG-RAN doesn't have valid AS context to resume the UEs connection, the NG-RAN performs context fetch to retrieve the valid AS context that is kept in the last serving NG-RAN.

If there is Xn connectivity, the new NG-RAN performs NGAP procedure for context fetch with the last serving NG-RAN. If there is no Xn connectivity, the new NG-RAN requests the context from the last serving NG-RAN

NOTE:
For the case that the old NG-RAN is not within Xn connectivity area, RAN3 WG need to study whether indirect context retrieval via AMF or another NF is to be defined.
If the NG-RAN node fails to fetch the valid AS context, the NG-RAN should reject resume and UE follows procedures that will be defined in stage-3.
When the UE enters a new TA currently not part of the UE registration area, the UE requests RRC resume and will initiate a NAS registration update. The SMF shall subscribe UE location change to the AMF in order to determine UPF re-allocation and update N3 tunnel information. The SMF may subscribe change of serving NG-RAN node to the AMF in order to determine update of N3 tunnel information.

6.19.2.3
Security
This solution allows existing AS security mechanism as it is.
6.19.3
Support of EPC Interworking

Editor's note:
This clause describes if and how EPC-5GC interworking is supported by this solution.
6.19.4
Procedures

6.19.4.1
PDU Session Establishment
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Figure 6.19.4-1: UE-requested PDU Session Establishment for 5GS UP Optimization
It is assumed that the UE has already registered in the 5G system.

When UE requests PDU session establishment, the UE indicate to use 5GS UP optimization to the AMF, and the AMF indicates the request of 5GS UP optimization to the SMF. During PDU Session establishment procedure, the SMF informs NG-RAN of the established PDU session is used for 5GS UP Optimization. The SMF needs to know usage of 5GS UP optimization for the PDU session for keeping N3 UL TEID. The NG-RAN needs to know usage of 5GS UP optimization for determining to apply RRC suspend/resume and store the information for the PDU Session in the AS context.

1.
The UE provides an indication that it wants to use 5GS UP Optimization (e.g., use of Resume/Suspend procedure) to the AMF.

Editor's note:
It is assumed that NG-RAN broadcasts system information with indicating the support of resume/suspend.

2.
AMF selects an SMF that supports the use of 5GS UP Optimization
3.
The AMF indicates the support of 5GS UP Optimization in the Nsmf_PDUSession_CreateSMContext Request operation. Then the SMF considers this PDU session establishment message is for 5GS UP Optimization, and can determine the UP connection for this PDU session should not be de-activated.
The AMF provides the registration area of the UE to the SMF in order to assist that the SMF selects the UPF which can be maintained while UE mobility happens within the registration area.

NOTE:
It is assumed UPF would not be changed in the registration area. If UE moves out of the registration area, UPF can be re-allocated during mobility registration procedure, by invoking Nsmf_PDUSession_UpdateSMContext.

…
8.
SMF selects a UPF that supports the 5GS UP optimization.
…

11.
SMF includes the indication of 5GS UP Optimization in N2 SM message to the NG-RAN so that NG-RAN can decide to perform RRC suspend procedure to the UE, and to store information for the PDU session in the AS context.

…

6.19.4.2
UL data transmission from CM-IDLE
The following figure shows an example of how MO small data packet is delivered from the UE.
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Figure 6.19.4.2-1: MO data Transmission using 5GS UP Optimization
1a/1b.
The UE triggers RRC Connection Resume procedure including Resume ID which identifies the AS context stored in the NG-RAN. Using the valid AS Context for the UE, the NG-RAN performs AS security check, DRB is established, and NG-RAN enables N3 UL TEID for data delivery.


If the Resume ID indicates another NG-RAN within Xn connectivity, i.e., old NG-RAN, the NG-RAN performs direct context fetch via Xn.

NOTE:
For the case that the old NG-RAN is not within Xn connectivity, RAN3 WG need to study whether indirect context fetch via AMF or another network function is to be defined.

If NG-RAN fails to get valid AS context, it rejects RRC Connection Resume with an appropriate cause, so that the UE performs the related NAS procedure.

UE can send UL data right after successful RRC Connection Resume procedure. The NG-RAN forwards the UL data received from the UE to the UPF by using N3 UL TEID in the AS context.

2.
If NG-RAN expect no DL data e.g. based on AS RAI, this procedure stops here. If NG-RAN expect DL data, the NG-RAN notifies the AMF that UE connection has been resumed by sending N2AP message which includes N2 SM info and PDU Session ID. The NG-RAN includes N3 DL TEID for the PDU session in the N2 SM message.

3.
The AMF enters CM-Connected state. The AMF identifies the UE context, and forwards N2 SM message to the SMF.

4.
The SMF identifies the UE and the PDU session. If there is N2 SM message in the Nsmf_PDUSession_UpdateSMcontext request message, the SMF performs N4 Session Modification to update N3 DL TEID to the UPF.


If there is DL data arrived for the UE, the UPF forwards the data to the NG-RAN using N3 DL TEID.

5.
The SMF sends Nsmf_PDUSession_UpdateSMcontext response. If there is any change for the PDU session e.g., in case of the QoS targets cannot be fulfilled for a QFI, the SMF informs this information in the N2 SM information.

6.
The AMF acknowledges the connection resume to the NG-RAN. If there is change of PDU session as received in N2 SM message from the SMF, NG-RAN can performs RRC reconfiguration.

6.19.4.3
DL data transmission
The following figure shows an example of how MT small data packet is delivered to the UE in CM-IDLE.
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Figure 6.19.4.3-1: MT data Transmission using 5GS UP Optimization

1.
At arrival of DL data, UPF notifies to SMF.

2a.
The SMF determines the AMF serving the UE, and invokes Namf_Comm_N1N2MessageTransfer to the AMF including PDU Session ID.

2b.
The AMF responds to the SMF.

3.
The AMF send a paging message to the NG-RAN
4.
The NG-RAN performs paging to the UE

5.
The UE triggers RRC Connection Resume procedure including Resume ID which identifies the stored AS context in the NG-RAN. Using the valid AS Context for the UE, the NG-RAN performs security check, DRB is established, and NG-RAN enables N3 UL TEID for data delivery.

If the Resume ID indicates another NG-RAN within Xn connectivity, i.e., old NG-RAN, the NG-RAN performs direct context fetch via Xn.

NOTE:
For the case that the old NG-RAN is not within Xn connectivity, RAN3 WG need to study whether indirect context fetch via AMF or another network function is to be defined.

If the NG-RAN fails to retrieve valid AS context, it rejects the RRC connection Resume with an appropriate cause, so that the UE performs Service Request.
6.
The NG-RAN notifies the AMF that UE connection has been resumed by sending N2AP message which includes N2 SM message and PDU Session ID. The NG-RAN includes N3 DL TEID for the PDU session in the N2 SM message.
7.
The AMF enters CM-Connected state after receiving the N2AP message. The AMF determines the SMF based on the PDU Session ID received from step 2a and 6, and the AMF sends N2 SM message to the SMF.

8.
The SMF identifies the UE and the PDU session. Based on the received N2 SM message, the SMF performs N4 Session Modification to update N3 DL TEID to the UPF. The UPF forwards the data to the NG-RAN using N3 DL TEID.

9.
The SMF sends Nsmf_PDUSession_UpdateSMcontext response.

10.
The AMF acknowledges the connection resume to the NG-RAN.
6.19.4.4
Connection Suspend procedure

This procedure is used by the NG-RAN to suspend the connection if 5GS UP Optimization is supported.
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Figure 6.19.4.4-1: Connection Suspend procedure

1.
The NG-RAN initiates the Connection Suspend procedure to the AMF. In the N2 message, the NG-RAN includes all PDU Session ID(s) that have been activated.
2.
The AMF sends Nsmf_PDUSession_UpdateSMContext Request to inform connection suspend of the PDU Session, based on the PDU session ID(s) in step 1.

3.
The SMF determines to disable N3 DL TEID for the PDU session as UE goes to RRC suspended while SMF keeps N3 UL TEID to allow uplink data transmission when UE resumes the connection. The SMF performs N4 Session Modification procedure with UPF to disable N3 DL TEID. The UPF enables Downlink Data Notification.

4.
The SMF sends Nsmf_PDUSession_UpdateSMContext Response to the AMF.

5.
The AMF sends UE Context suspend response to the NG-RAN to successfully complete the connection suspend procedure.

6.
The NG-RAN sends RRC message to suspend the RRC Connection toward the UE with including the Resume ID to be used for identifying the AS context for the RRC connection resume. The UE keeps the AS context.
6.19.5
Impacts on existing entities and interfaces

Editor's note:
This clause describes impacts to existing entities and interfaces.
In UE:

- 
Maintain UE AS context in CM-IDLE when UP optimization is enabled
-
Connection suspend/resume procedure for UP optimization

NOTE:
Whether RRC resume/suspend procedure for RRC-INACTIVE can be extended for UP optimization is in RAN2 scope.

In RAN:

-
Connection suspend/resume procedure in N2 and RRC.

-
Maintain UE AS context in CM-IDLE when UP optimization is enabled
In AMF:

-
Connection suspend/resume procedure
6.19.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.

This solution provides an eficicent infrequent small data delivery in terms of signalling.

By using the CM-IDLE state, it coexists without any further changes with any power saving solution relying on the UE becoming unreachable (e.g. extended idle mode DRX, or any MICO extension for MT data) and with any High Latency Communication solution for CM-IDLE. Therefore, the UE and network impact of this solution is relatively small. 

Next Change

6.24
Solution 24: High latency communication with extended buffering and event notifications
6.24.1
Introduction

This clause addresses the high latency communication key issue #3.

6.24.2
Functional Description
Functions for High latency communication may be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions e.g. UE Power Saving Mode, extended idle mode DRX or MICO. "High latency" refers to the initial response time before normal exchange of packets is established. That is, the time it takes before a UE has woken up from its power saving state and responded to the initial downlink packet(s).

High latency communication is handled by extended buffering of downlink data in the UPF/SMF. Optionally High latency communication can also be handled by notification procedures.

High latency communication by extended buffering of downlink data in the UPF/SMF is controlled by the AMF/SMF. The AMF asks the SMF/UPF, to buffer downlink data until the UE is expected to wake up from its power saving state, see clause 6.24.4.1. If a SMF/UPF change is invoked, the buffered packets are forwarded and will not be lost. The number of packets to buffer is decided by the SMF/UPF, but the AMF may optionally provide supporting information. Optionally, a suggested number of packets to buffer may also be provided by the SCS/AS as input to the SMF/UPF, see key issue 10.

An SCS/AS may optionally use notification procedures to handle High latency communication (see clause 6.24.4.2). The SCS/AS requests to receive notification when a UE wakes up from its power saving state to be able to send downlink data to the UE when the UE becomes reachable. Especially, for long latencies (e.g. infrequent mobile terminated communication) this is suitable. This notification procedure can be triggered based on following monitoring events (see clause 4.15.3.1 in TS 23.502 [7]):

-
Monitoring event: UE Reachability; or

-
Monitoring event: Availability after DDN failure.

An SCS/AS may request a one-time "UE Reachability" notification when it wants to send data to the UE. Alternatively, the SCS/AS may request repeated "Availability after DDN failure" notifications where each notification is triggered by a DDN failure, i.e. the SCS/AS sends a downlink packet which is discarded by SMF/UPF but which triggers the AMF to send an event notification to the SCS/AS next time the UE wakes up.

If CM-CONNECTED with RRC inactive state is activated for the UE, the downlink data handling (i.e. extended buffering) and notification is handled in the 5GC in the same way applied for CM-IDLE state, with additional support of information from RAN side. The RAN support information for high latency communication is provided through the N2 notification procedure, see clause 4.8.3 in TS 23.502 [7].

The tools for High latency communication make the behaviour of the 3GPP network predictable when sending mobile terminated data to UEs applying power saving functions. The network will deliver downlink packets with high reliability for both stationary and mobile UEs when the UE wakes up from its power saving state. Therefore, SCS/AS can adapt its retransmissions to reduce the load on both the SCS/AS itself and the network.

6.24.3
Support of EPC interworking

Editor's note:
This clause describes if and how EPC-5GC interworking is supported by this solution.

6.24.4
Procedures

6.24.4.1
Extended buffering

Functions for High latency communication may be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions (see KI#4). "High latency" refers to the initial response time before the delivery of MT packets is possible. That is, the time it takes before a UE has woken up from its power saving state and responded to the initial downlink packet(s).

The High latency communication includes invoking extended buffering of MT data at the UPF when the UE is in a power saving state and not reachable. The handling shall be specified in the Network Triggered Service Request procedure. Establishing the user plane for delivering the buffered data when the UE contacts the AMF by signalling shall be specified in the Registration procedure. The AMF uses its parameter DL Data Buffer Expiration Time in the MM context information to know if there is buffered DL data to be delivered when the UE becomes reachable. When set, the DL Data Buffer Expiration Time shall be cleared at any user plane setup to the RAN when the buffered DL data can be delivered. At Registration procedure with AMF change, the old AMF shall indicate in the context response to the new AMF that buffered DL data is waiting and hence the new AMF shall establish the user plane for delivery of the buffered DL data. When the DL Data Buffer Expiration Time has expired, the AMF considers no DL data to be buffered and no indications of Buffered DL Data Waiting are sent during context transfers at Registration procedure. At Registration procedure with UPF change, the buffered DL data is forwarded to the new UPF.

For HLCOM, it's the SMF/UPF that provides extended buffering, and the AMF provides buffering related support information towards SMF/UPF.

For UE in CM-IDLE mode and UE in CM-CONNECTED RRC-Inactive mode, AMF provides buffering support information to SMF/UPF based on the NAS level information negotiated between UE and AMF based on the following:

-
MICO related parameters.

-
Other UE sleep cycle related parameters (related to KI#4).

-
eDRX related parameters (related to KI#4). A UE using MICO mode is assumed to be able to benefit from Extended buffering. Any DL data being buffered for the UE can be delivered to the UE when it contacts the network.

Editor's note:
The details for the handling of extended buffering is FFS and is dependent on KI#4 Power saving functions.

6.24.4.2
DL data in CM-IDLE mode

For UE in CM-IDLE mode, the figure below shows the call flow of AMF providing buffering related support information to SMF/UPF and downlink data handling. Extended buffering is used for UE that is using a power saving method (see KI#4). Extended buffering should not be used for a UE which has a monitoring event, 'UE Reachability' or 'Availability after DDN failure', configured.
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Figure 6.24.4.2-1: Data Buffering in SMF/UPF for CM-IDLE mode

The Network Triggered Service Request procedure as specified in TS 23.502 [7] clause 4.2.3.3 would be updated based on the description below.

1.
The application sends downlink data to UPF.

2.
The UPF sends a Downlink Data Notification (DDN) message to the SMF if there is no N3 tunnel.

3.
The SMF initiates Namf_Comm_N1N2MessageTransfer_Reqeust service towards AMF to setup N3 tunnel.

4.
The AMF checks the UE reachability in CM-IDLE mode, and UE not reachable due to power saving. If UE is not reachable due to eDRX/DRX, the AMF schedules a paging.

5.
The AMF sends Namf_Comm_N1N2MessageTRansfer Response to indicate the UE is unreachable. If the UE is unreachable due to power saving, the AMF also indicates DL Buffering Requested and provides buffering supporting information (e.g. DL Buffering Duration time and optionally a DL Buffering Suggested Packet Count).
The AMF stores a new value for the DL Data Buffer Expiration Time in the MM context for the UE based on the DL Buffering Duration time. The DL Data Buffer Expiration Time is used for UEs using power saving state and indicates that there are buffered DL data waiting in the UPF. When the DL Data Buffer Expiration Time has expired, the AMF considers no DL data to be buffered and no indications of Buffered DL Data Waiting are sent during context transfers at Registration procedure.
NOTE:
If AMF is configured to support Notify on availability after DDN failure as specified in clause 6.24.4.5.2, Extended data buffering is not invoked.

6.
The SMF sends DDN failure with DL Buffering Requested indication and buffering supporting information to UPF. The SMF includes the DL Buffering Duration time and optionally a DL Buffering Suggested Packet Count.
7.
The UPF starts extended data buffering based on the buffering support information. The UPF stores a new value for the DL Data Buffer Expiration Time based on the DL Buffering Duration time and does not send any additional Data Notification if subsequent downlink data packets are received in the UPF before the DL Buffer Expiration Time has expired for the UE.
8.
When UE enters CM-CONNECTED mode, the AMF notifies the same SMF that received the UE unreachable indication in step 5.

At, for example, periodic or mobility registration update as specified in TS 23.502 [7] clause 4.2.2.2 extended buffering is handled with the following addition to step 22 (Registration Accept). If the DL Data Buffer Expiration Time for the UE in the AMF has not expired, the user plane setup procedure is activated. The message sequence should be similar for the UE triggered Service Request procedure specified in clause 4.2.3.2 of TS 23.502 [7] from the step when AMF activates the User Plane connections of the PDU Session(s).
9.
SMF/UPF trigger the setting of N3 tunnel and delivery the buffered data packets.
6.24.4.3
DL data in CM-CONNECTED mode without CN extended buffering
The figure below shows the handling of downlink data in CM-CONNECTED mode without extended buffering in CN but with temporary buffering in the RAN . This procedure is used for UEs not applying any power saving method. For UEs that do apply power saving methods (i.e. potentially very long buffering times), see clause 6.24.4.4.
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Figure 6.24.4.3-1: DL data in CM-CONNECTED mode without extended buffering

1.
DL data arriving in UPF is forwarded on the N3 towards RAN.

2a.
If the RRC connection is in RRC Inactive mode, RAN pages the UE. DL data is temporarily buffered in the RAN. If the UE does not respond to paging, e.g. may be temporarily unreachable, the RAN discards the DL data.

2b.
If the RRC connection is in active mode, or transitions to active mode, the DL data is sent to the UE.

6.24.4.4
DL data in CM-CONNECTED mode with Extended buffering

This procedure shows how DL data in CM-CONNECTED mode with Extended buffering is handled. Extended buffering is used for UE that is using a power saving method (see KI#4). Extended buffering should not be used for a UE which has a monitoring event, 'UE Reachability' or 'Availability after DDN failure', configured. For a UE in RRC inactive mode, the AMF provides buffering related support information to SMF/UPF and downlink data handling.
The figure shows the Direct Model case. For the Indirect Model case the UPF may be replaced by a UPF-NIMF.

Editor's note:
It is assumed eDRX/DRX with RRC Inactive is supported (see KI#4 and KI#2)
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Figure 6.24.4.4-1: DL Data Buffering in SMF/UPF for RRC_Inactive mode

0.
Depending on local configuration, Data Buffering is established when RAN transition a UE using eDRX to RRC_Inactive state, the RAN sends a N2 Notification to AMF. RAN provides buffering support information if there is any. The AMF notifies SMF/UPF that the PDU session is subject for extended data buffering and includes buffering support info;
1.
The application sends downlink data to UPF, and UPF will start to apply extended data buffering based on the indication received in step 0b above e.g. using the buffering information for the extended buffering.

2.
[conditional] The SMF may either request UE reachability report via Namf_MT_EnableUEReachability, based on notification from UPF which can either be similar to the DDN in CM-IDLE mode or a modification of the existing DDN message.

The SMF may optionally just wait for the next MO data from UE in step 5 to trigger the sending of downlink data without invoke enabling the UE reachability reporting above.
3.
The AMF may use the N2 Notification procedure to retrieve UE reachability info. If UE is currently in RRC inactive state and not reachable, the RAN may provide new buffering support information, if there is any. RAN schedules a paging at next possible UE paging occasion and marks that a notification to AMF is required when the UE contacts the network next time. RAN also indicates to AMF that it has scheduled a paging for the next possible UE paging occasion.

NOTE:
The N2 request message that can trigger the RAN paging can be N2 UE Notification Request.
4.
The AMF notifies the SMF/UPF with the latest reachability info (either UE is reachable or still not reachable with new buffering support information). If the UE is reachable, step 5 is skipped and the procedure continues in step 6.

5a.
RAN may perform paging when the UE becomes reachable for paging.

5.
When UE contacts with the network, either due to RAN paging or due to a UE triggered procedure before the RAN paging, and the AMF receives either a N2 notification triggered by a RRC resume, or an N2 Path Switch Request if a RRC resume triggers a RAN node change, the AMF notifies the SMF/UPF of the UE reachability.

6.
UPF thus can deliver buffered downlink data to UE.

7.
If the UE does not contact with the network before expiry of the timer set in the SMF/UPF for the extended buffering duration, the buffered data is discarded in the SMF/UPF.

8.
RAN moves the UE to RRC Inactive state.
6.24.4.5
Notification procedures

If SCS/AS selects to send downlink data when UE becomes reachable, it can use one-time UE-Reachability notification (see clause 6.24.4.5.1). If SCS/AS may also select the Notification of UE availability after downlink data delivery failure (see clause 6.24.4.5.2).
If AMF or RAN receives MT control plane signalling for a UE which is not reachable currently, the AMF activates a UE availability notification to the originating NF (see clause 6.24.4.5.5).
6.24.4.5.1
Event Subscription and Notification of UE reachability

If an SCS/AS wants to send downlink packet(s) when UE becomes reachable, the SCS/AS can subscribe for one-time "UE Reachability" monitoring event by following either Event Exposure using NEF specified in TS 23.502 [7] clause 4.15.3, or Core Network Internal Event Exposure specified in TS 23.502 [7] clause 4.15.4. The SCS/AS sends the packet data when it receives notification that the UE is reachable.
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Figure 6.24.4.5.1-1: TS 23.502 [7]: Event Subscription of UE reachability notification

If UE is in CM-CONNECTED and RRC state is unknown (i.e. N2 notification procedure is not activated yet), the AMF shall trigger N2 Notification procedure to retrieve UE information from RAN as shown below ( see also TS 23.502 [7] clause 4.8.3 for details).
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Figure 6.24.4.5.1-2: Event Subscription and Notification for UE reachability

1.
AF (i.e. SCS/AS) subscribe to AMF for UE reachability report through Namf_EventExposure_Scubscriber Request service operation, when there is pending DL data towards UE.

2.
If UE is in CM connected state, AMF send N2 Notification Request to the RAN to retrieve UE reachability info. If UE is in RRC inactive state and it is not currently reachable, RAN responds back to AMF indicating UE is not reachable. RAN schedules a paging at next possible UE paging occasion and also indicates to AMF that paging is scheduled for the next possible UE paging occasion. RAN marks that a notification to AMF is required when UE contacts the network next time.
NOTE:
The N2 request message that can trigger the RAN paging can be N2 UE Notification Request.
3a.
RAN may perform paging when the UE becomes reachable for paging.

3b. UE contacts the network with RRC resume, either due to RAN paging or due to UE triggered procedure before the RAN paging.

4.
RAN reports, either a N2 notification, or an N2 Path Switch Request if a RRC resume triggers a RAN node change, to the AMF that UE is RRC connected and reachable.

5.
AMF notifies NEF/AF/SCS/AS that UE is reachable.

6.
AF/SCS/AS sends downlink data to UE.
Editor's note:
There are dependencies to KI Power saving.

If the SCS/AS optionally wants to fine-tune the delivery of the downlink data within the time-window when the UE is reachable, the SCS/AS can configure optional parameters with proper value (as described in clause 6.24.4.5.3).

6.24.4.5.2
Notification of Availability after DDN failure

If an SCS/AS wants to get notifications when the UE becomes reachable after a proceeding downlink data delivery failure, the SCS/AS can subscribe for the "Notification of availability after DDN failure" monitoring event.

This is a different monitoring event from the "UE Reachability" monitoring event specified in 6.24.4.5.1. This information is provided to the AMF at registration through subscription data, see clause 6.24.4.5.3. The AMF notes this and sets a Notify-on-available-after-DDN-failure flag after a DDN failure. If the flag is set when the UE next contacts the network, the serving node notifies the NEF that the UE is reachable and clears the flag.

An important use case for this feature is the application that wants to communicate with a UE that sleeps for a long time. If downlink packets from the application are not delivered, the application recognizes that the UE is not available by lack of response within a reasonable time from the UE, and then await notification from the network (i.e. from the AMF via the NEF) of UE reachability.

For UE in CM-IDLE mode, the figure below shows the flow of AMF providing UE availability to NEF/AF after DDN failure.
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Figure 6.24.4.5.2-1: Notification - Availability Notification after DDN Failure (CM-IDLE)

1.
The application sends downlink data to UPF.

2.
The UPF sends a Downlink Data Notification (DDN) message to the SMF if there is no N3 tunnel.

3.
The SMF initiates Namf_Comm_N1N2MessageTransfer_Reqeust service towards AMF to setup N3 tunnel.

4.
The AMF checks the UE reachability in CM-IDLE mode. If UE is not reachable, i.e. due to a power saving method (see KI#4) or paging fails, The AMF send Namf_Comm_N1N2MessageTRansfer Response to indicate the failure.

5.
The SMF sends DDN failure to UPF and the UPF discards data packets.

6.
The AMF shall set the "Notify on availability after DDN failure" flag. The AMF also schedules a CN paging for next possible UE paging occasion.
7.
When UE enters CM-CONNECTED mode, the AMF notes that UE is available and that the Notify-on-availability-after-DDN-failure flag for the UE is set.

8.
The AMF triggers Namf_EventExposure_Notification towards the NEF/Application.

9.
The AMF also clears the Notify-on-availability-after-DDN-failure flag for the UE.

10.
The application realizes the UE is reachable and re-sends data.
For UE in RRC-Inactive state where the N3 tunnel exists, RAN can discard the data if UE is not reachable. But it shall indicate to AMF that downlink data is discarded, and AMF shall set the "Notify on availability after DDN failure" flag. At next N2 notification with change to RRC-Connected (assuming N2 notification is already activated during configuration in 6.24.4.5.3) or Patch Switch Request, AMF triggers notification to application.

The figure below shows the flow of AMF providing UE availability to NEF/AF after DDN failure.
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Figure 6.24.4.5.2-2: Notification - Availability Notification after DDN Failure (CM-CONNECTED / RRC-Inactive)

1.
The application sends downlink data to UPF/RAN.

2.
The RAN check the UE reachability in RRC_Inactive mode. If UE is not reachable, i.e. due to KI#4 (such as eDRX) or RAN paging fails, RAN sends a N2 Notification to indicate the failure. RAN schedules a RAN paging at next possible UE paging occasion. The RAN also marks that a notification to AMF is required when the UE contacts the network next time The RAN also indicates if RAN paging is scheduled for next possible UE paging occasion.
NOTE: The N2 request message that can trigger the RAN paging can be N2 UE Notification.
3.
The AMF shall set the "Notify on availability after DDN failure" flag.

4.
AMF may optionally send an event notification to the NEF and SCS/AS as a confirmation that the DL data in step 1 was received and that an 'Availability after DDN failure' notification will be sent as soon as the UE becomes available.

5a.
RAN may perform paging when the UE becomes reachable for paging.

5b.
When UE contacts the network with RRC resume, either due to RAN paging or due to a UE triggered procedure before the RAN paging, the RAN notifies AMF either through N2 notification, or Path Switch Request in case of RRC resume triggering RAN node change).

6.
When the AMF receives the notification about UE availability from RAN and the AMF has a Notify-on-availability-after-DDN-failure flag set for the UE (set by step 3), the AMF clears the Notify-on-availability-after-DDN-failure flag for the UE and sends a Namf_EventExposure_Notification towards the NEF/AF/SCS/AS.

7.
The application realizes the UE is reachable and re-sends downlink data.

8.
RAN moves the UE to RRC Inactive state.
6.24.4.5.3
Configuration for notification related approaches

6.24.4.5.3.1
Configuration of notifications via UDM

The figure below illustrates the procedure of configuring monitoring events parameters at the UDM or the AMF. The procedure is similar to external parameter provisioning in TS 23.502 [7] clause 4.15.6.2

The procedure is also used for replacing and deleting a monitoring event configuration.

Editor's note:
If this existing procedure shall be updated for High Latency or a new procedure defined is FFS
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Figure 6.24.4.5.3.1-1: Monitoring event parameters configuration and deletion via UDM procedure

1.
AF (SCS/AS) provides one or more configuration parameter(s) related to monitoring even for HLCOM to be updated in Nnef_ParameterProvision_UpdateRequest to the NEF.


The PUI identifies the UE and the Transaction Reference ID identifies the transaction request between NEF and AF (SCS/AS).
2.
If the AF (SCS/AS) is authorised by the NEF to provision the parameters, the NEF requests to update and store the provisioned parameters as part of the subscriber data via Update Request message, the message includes the provisioned data and NEF reference ID.


If the requester is not authorised to provision data, then the NEF continues in step 4 indicating the reason to failure in Nnef_ParameterProvision_Update response.

3.
UDM/UDR resolves the PUI to SUPI and stores the monitoring events parameters as part of the subscription data and responds with Update response message.


If the SUPI cannot be derived from the PUI, then the Update Response indicates the reason in the cause value.
4.
NEF responds the request with Nnef_ParameterProvision_update response. If the procedure failed, the cause value indicates the reason.
5.
UDM/UDR notifies the AMF of the updated subscriber data via Nudm_SDM_UpdateNotification Notify message.
6.
The AMF handling according to clause 6.24.4.5.4

6.24.4.5.3.2
Configuration directly at AMF
Editor's note:
It is FFS whether the existing procedure for configuration directly at the AMF in TS 23.502 [7] is sufficient or if it needs updates for HLCOM.

6.24.4.5.4
AMF handling to trigger RAN notification

For UE in CM-IDLE, or CM-CONNECTED with RRC states known as RRC inactive, AMF triggers notification towards NEF as specified in clause 6.24.4.5.2 from step 8 when UE becomes RRC active (i.e. when AMF receives NAS signalling from UE or RAN indicates UE is in RRC active through N2 Notification procedure).

For UE in CM-CONNECTED with RRC state known as RRC active, AMF immediately triggers notification procedure towards NEF as specified in clause 6.24.4.5.2 from step 8.

For UE in CM-CONNECTED with RRC state unknown, AMF shall trigger the N2 Notification procedure to retrieve the UE RRC state info and act accordingly as specified above based on RRC states information from RAN.

6.24.4.5.5
Notification of Availability after MT control plane signalling

If the network invokes any MT control plane signalling delivery to a UE when UE is not reachable due to a power saving state (e.g. MICO, eDRX etc), the AMF activates a UE availability notification to the originating NF.

For UE in CM-IDLE mode, the figure below shows the flow of AMF providing UE availability to NF after MT control plane signalling delivery failure.
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Figure 6.24.4.5.5-1: Notification - Availability Notification after MT control plane signalling failure (CM-IDLE)

1.
Any NF, e.g. SMF, in 5GC may trigger MT control signalling to UE through Namf_Communication_N1N2MessageTransfer Service Operation (). The N1N2TransferFailure Notification Target Address is included to subscribe to unreachability event in step 5. The MT control signalling may for example be SMF that triggers MT control signalling due to DL data.

2.
If the UE is currently not reachable due to a power saving method (see KI#4), the AMF returns a Namf_Communication_N1N2TransferFailureNotification with cause to indicate power saving as the failure and indicate that AMF will send a notification as soon as the UE becomes reachable. If the UE is currently not doing power saving, the AMF initiates the network triggered service request procedure and responds to the consumer NF with a result indication, If the AMF detects that the UE fails to respond to paging, the AMF invokes the Namf_Communication_N1N2TransferFailureNotification to indicate the failure to the consumer NF with a result indication and indicate that AMF will send a notification as soon as the UE becomes reachable. The AMF sets the "Notify on availability after MT control plane signalling failure" flag if not already set and schedules a CN paging if not MICO mode and if not already scheduled. The AMF remembers the NF to notify.

3.
When eDRX is used, the AMF may perform paging when the UE becomes reachable i.e. in PTW.

4.
When UE enters CM-CONNECTED mode, either due to AMF paging or due to a UE triggered procedure before the paging, the AMF notes that UE is available and that the Notify on availability after MT control plane signalling flag for the UE is set.

5.
The AMF triggers Namf_EventExposure_Notify service towards the corresponding NF(s) in step 1/2. The AMF also clears the "Notify on availability after MT control plane signalling failure" flag for the UE.

6.
The NF realizes that the UE is reachable and re-sends the control plane signalling if needed.

For UE in RRC-Inactive state where the N2 connection exists, the RAN can indicate the non NAS delivery due to UE not reachable. And the AMF shall set the "Notify on availability after MT control signalling" flag. At next UE contact to network, AMF is notified and triggers a notification towards corresponding NF.

The figure below shows the flow of AMF providing UE availability to NF after MT control plane signalling delivery failure in RRC inactive state.
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Figure 6.24.4.5.5-2: Notification - Availability Notification after MT control plane signalling failure (CM-CONNECTED / RRC-Inactive)

1.
Any NF, e.g. SMF, in 5GC may trigger MT control signalling to UE through Namf_Communicaiton_N1N2messagerTransfer Request () (event subscription parameters may be included in case the UE is not reachable) and AMF sends N2 Downlink NAS transport to RAN if AMF considers the UE in CM-CONNECTED mode. The MT control signalling may for example be SMF that triggers MT control signalling due to DL data.

2.
The RAN checks the UE reachability if UE is in RRC_Inactive state. If UE is not reachable, i.e. due to KI#4 (such as eDRX) or if RAN paging fails, the RAN sends a NAS non-delivery message to AMF to indicate the failure. If UE is not reachable due to eDRX, the RAN schedules RAN paging for the next possible UE paging occasion (if not already scheduled). and includes an indication to AMF that a paging has been scheduled. The RAN marks that a notification to AMF is required when the UE contacts the network next time.
NOTE: The N2 request message that can trigger the RAN paging can be N2 UE Notification Request.
3.
AMF sends Namf_Communication_N1N2messageTransfer Response to the corresponding NF in step 1 and indicating that AMF will send a notification as soon as the UE becomes reachable. The AMF sets the "Notify on availability after MT control plane signalling failure" flag if not already set. The AMF remembers the NF to notify.
4.
RAN may perform paging when the UE becomes reachable i.e. in PTW.

5.
When UE contacts the network with RRC resume, either due to RAN paging or due to a UE triggered procedure before the RAN paging, the RAN notifies AMF (either through N2 notification, or Path Switch Request in case of RRC resume triggering RAN node change).

6.
When the AMF receives the notification about UE availability from RAN and the AMF has a "Notify on availability after MT control plane signalling failure" flag set for the UE (set by step 3), the AMF sends Namf_EventExposure_Notification towards the corresponding NF(s) in step 3 and clears the "Notify on availability after MT control plane signalling failure" flag for the UE.

7.
The NF realizes the UE is reachable and re-sends the MT signalling.

8.
RAN moves the UE to RRC Inactive state.
6.24.5
Impacts on existing entities and interfaces
Editor's note:
This clause describes impacts to existing entities and interfaces.

The AMF, SMF and UPF are enhanced to support extended buffering as described in clause 6.24.4.
-
The UPF has the following additional impacts:

-
New behavior of buffering data even when N3 is active.

-
New Namf_MT_EnableUEReacahability procedure.

-
In the SMF:

-
New Namf_MT_EnableUEReacahability procedure

-
New request to UPF to buffer data even when N3 is still active

-
In the AMF:

-
New N2 notification procedure to learn the UE may be unreachable even when the UE is CM-CONNECTED and N@ is active.

-
New N2 notification trigger to request to RAN to notify the AMF when the UE becomes reacahable

-
New Namf_MT_EnableUEReacahability procedure
The N11 and N4 interfaces are enhanced to support extended buffering as described in clause 6.24.4.

The NEF are enhanced to support Notification procedures as described in clause 6.24.4.

In the RAN:

-
RAN paging with extended unreachable cycles.

-
N2 notifications procedure to indicate to CN that the UE is unreachable/reachable. 

In the UE:

-
Extended DRX in CM-CONNECTED with RRC-INACTIVE
6.24.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.
DL data in CM-CONNECTED with Extended Buffering as described in clause 6.24.4 has extensive impacts in all network functions. CM-CONNECTED solutions coexistence with power saving fucntions that make the UE unreachable for large periods of time, create impacts across all network functions to replicate CM-IDLE behaviours.  Moreover, it is not clear how MT SMS and NAS retransmission timers are handled in this solution. 
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