SA WG2 Meeting #143E
S2-2100825
February 24 – March 9, 2021
(revision of S2-210nnnn)
Source:
MediaTek Inc.
Title:
FS_MUSIM: KI#1&3 – Handling of Busy and Leaving indications
Document for:
Approval

Agenda Item:
8.10.1, (8.10.2)
Work Item / Release:
FS_MUSIM / Rel-17
Abstract: This contribution discusses the procedures used for NAS Busy and NAS leaving/returning.
1 
Introduction
Current discussions display some disagreements regarding:

-
which of the Service Request and the Registration Request procedures to use to support NAS Busy and NAS leaving/returning.
-
whether NAS Busy and NAS Leaving/Returning are the same procedures

-
whether and how to apply the optional paging restrictions beyond the agreement to limit their applications to [leaving; returning]

This contribution discusses the above and provides a way forward.

2
Background
2.1
Paging response
Paging response in 5GS i.e. UE response to a Paging Request is carried out by:

-
a Service Request; or

-
a Registration Request (mobility and periodic registration update); or

- 
a Control Plane Service Request (CP CIoT).[Not discussed further below]
As defined in TS24.501, the sending of the Registration Request is restricted to the case when the UE is in state 5GMM‑REGISTERED.ATTEMPTING-REGISTRATION-UPDATE. This is a special case when the UE has failed the registration procedure for mobility and periodic registration update due to a missing response from the network, or other circumstances. In this (sub)state no other 5GMM procedure is initiated by the UE, and no data are sent or received.

Paging response in EPS is similar to 5GS i.e. by means of a Service Request or Tracking Area Update Request. As defined in TS24.301, the sending of the Tracking Area Update Request is restricted to the case when the UE is in state EMM-REGISTERED.ATTEMPTING-TO-UPDATE, as for 5GS.
Observation 1: responding to paging with a registration request or tracking area update request occurs only in case the UE has failed a registration procedure (mobility-periodic) or TAU and thus attempting the same procedure once again. No data are sent/received. The UE rather than properly responding to the page reacts to it to trigger the previously failed registration attempt.

Proposal 1: In 5GMM-REGISTERED.ATTEMPTING-REGISTRATION-UDPATE state (resp. EMM-REGISTERED.ATTEMPTING-TO-UPDATE state in EPS), upon being paged, the UE sends a Registration Request (mobility/periodic) (resp. TAU Request) as defined today – this is not affected by MUSIM.

Observation 2: the normal response to a Paging Request is the Service Request message, whether in 5GS or EPS.
2.2
Follow-on request / (signalling) active flag
Upon registration for mobility and periodic registration update, the UE may set the Follow-on request indicator (5GS) or (signalling) active flag (EPS) indicating pending UL traffic – this prevents the network releasing the NAS signalling connection i.e. returning to idle upon completion of the registration procedure.
2.3
Existing NAS functionality

2.3.1
5GS
The following functionality is supported in 5GS NAS:

i)
PDU session status IE: In the mobility-periodic registration procedure and the service request procedure, the UE and the network are able to notify each other of the PDU sessions’ status. This allows the UE and the network to keep in synch regarding whether PDU Sessions still exist (not inactive) or not (inactive) and thus whether incoming traffic in either directions is expected or not. Any PDU Session marked as INACTIVE by the UE (resp. network) is locally released in the network (resp. UE); a PDU Session marked INACTIVE no longer exists. The PDU Session Establishment procedure is necessary to reactivate inactive PDU Sessions.
ii)
MICO mode: At registration, the UE may negotiate the use of MICO mode with the network, thus interrupting all downlink traffic upon the network accepting the use of MICO mode. 

NOTE:
There is at most 15 PDU Sessions

2.3.2
EPS

The following functionality is supported in EPS NAS:

iii)
EPS bearer context status IE: In the tracking area update procedure and the service request procedure, the UE and the network are able to notify each other of the EPS bearers’ status. This allows the UE and the network to keep in synch regarding whether EPS bearers Sessions still exist (not inactive) or not (inactive) and thus whether incoming traffic in either directions is expected or not. Any EPS Bearer marked as INACTIVE by the UE (resp. the network) is locally deactivated in the network (resp. UE). The default/dedicated EPS bearer context activation procedure is necessary to reactivate an inactive default/dedicated EPS Bearer.
NOTE:
There is at most 15 EPS Bearers
3
Discussion

3.1
NAS Busy Indication vs NAS Leaving/Returning Indication
3.1.1
Background

The current discussion focuses on the following points:

-
Whether to use Service Request signalling or Registration signalling for Busy and Leaving/Returning

-
Whether to combine Busy and Leaving indication into a single indication

-
Whether a Returning indication is needed

-
When to apply paging restrictions i.e. [Leaving; Returning] as currently agreed or also beyond as is to be discussed.
NAS Busy Indication: The UE triggers the sending of the NAS Busy indication upon reception of a Paging Request in [EPS] EMM-IDLE, [5GS] 5GMM-REGISTERED/ IDLE state when: it is unable to satisfy the page, it is able to respond and the network supports this indication. Upon reception of the NAS Busy Indication the MME/AMF abandons the ongoing paging, which prevents e.g. further paging escalation. NAS Busy does not affect the UE behaviour in Observation 1. A later paging may of course occur. 
As per Observation 2, the NAS Busy Indication can be expected to be sent using the Service Request message.
NAS Leaving Indication: The UE triggers the sending of the NAS Leaving indication when in [EPS] EMM-CONNECTED, [5GS] 5GMM-REGISTERED/CONNECTED state, when the network supports this indication. The UE may indicate paging restrictions to the network, when needed and if supported by the UE and the network. Upon leaving, the UE transits to [EPS] EMM-IDLE, [5GS] 5GMM-REGISTERED/IDLE state. The NAS Leaving Indication is sent by the UE to the Core Network such that when the UE is in [EPS] EMM-IDLE, [5GS] 5GMM-REGISTERED/IDLE state, the SMF blocks notifications to the AMF according to the indicated restrictions if any.
As documented in TR23.761, paging restrictions can consist of:

a)
An indication that the UE should only be paged for voice (MMTel voice or CS domain voice (for EPS)), or
b)
An indication that the UE should not be paged at all, or
c)
PDN connection(s) for MT notification/paging restriction. 
[PDU Session(s) for 5GS]
3.1.2
Proposal

5GS: Given existing 5GS NAS functionality (§2.3) it is observed that:
-
a) can be realized partly with i) i.e. the UE indicating PDU session status as “Inactive” as necessary to prevent incoming traffic for PDU Sessions that would otherwise cause paging, except potentially the PDU Session used to carry QoS flow with 5QI=5 (i.e. IMS SIP signalling) to remain reachable for voice, but also other IMS services. Handling the PDU Session Status requires otherwise no new mechanism in the network or UE. 
-
b) can be realized with ii) i.e. MICO mode or i) with all PDU Sessions marked as “Inactive”.
-
c) can be realized with i) i.e. the UE indicating PDU session status as “Inactive” for PDU Sessions it no longer wishes to maintain. Handling the PDU Session Status requires no new mechanism in the network or UE.
With this, upon leaving, unless a PDU session status is marked as “Inactive” for a PDU Session, paging can be expected to occur for this PDU Session once the UE is in 5GMM-REGISTERED/IDLE state. 
Making a PDU Session “Inactive” requires PDU Session Establishment to reactivate it, the question is then whether a “lighter” approach is needed whereby paging could be pre-empted for a PDU Session without making it “Inactive”.

EPS: Given existing EPS NAS functionality (§2.3) it is observed that:

-
a) can be realized partly with iii) i.e. the UE indicating EPS bearer context status as “Inactive” as necessary to prevent incoming traffic for EPS Bearers that would otherwise cause paging, except potentially the EPS bearer context for the default EPS bearer with QCI=5 (i.e. IMS SIP signalling) to remain reachable for voice, but also other IMS services. Handling the EPS bearer context status requires otherwise no new mechanism in the network or UE. 

-
b) can be realized with iii) and EPS bearer context marked “Inactive”.
-
c) can be realized with iii) i.e. the UE indicating EPS bearer context status as “Inactive” for EPS bearers it no longer wishes to maintain. Handling the EPS bearer context status requires no new mechanism in the network or UE.

With this, upon leaving, unless an EPS bearer context status is marked as “Inactive”, paging can be expected to occur for this EPS Bearer once the UE is in EMM-IDLE state. 
Making an EPS bearer context “Inactive” requires EPS bearer activation to reactivate it, the question is then whether a “lighter” approach is needed whereby paging could be pre-empted for an EPS bearer (context) without making it INACTIVE.

Observation 3: Existing means to make PDU Sessions/EPS Bearers “Inactive” (i.e. using PDU session status indication and EPS bearer context status indication) can largely achieve the desired effect, however, per PDU Session/per EPS bearer context signalling (already specified) is needed for reactivation.

A lighter approach is described in the following, for 5GS and for EPS, expanding on the use of PDU session status indication and EPS bearer context status indication.

Proposal 2: To introduce a third state information in the PDU session status and EPS bearer context status status in addition to “Inactive” and “not Inactive” i.e. “Active No Paging”. This approach has the main benefit to avoid per PDU Session / per EPS Bearer Context signalling for reactivation of the PDU Session / EPS Bearer Context, while enabling this indication to be provided whenever a PDU session status or EPS bearer context status indication can already be provided i.e. SR and MRU/TAU.
Incorporating this proposal in 5GS/EPS is shown hereafter:

5GS: PDU session status “Active No Paging”
Proposal 3a: [5GS] It is proposed:
1)
When a PDU Session status indicates a PDU Session is in state “Active No Paging”:
-
For the UE: the PDU Session is kept active but the UE does not expect to be paged for this PDU Session; and
-
For the Network: the PDU Session is kept active but paging can be interrupted/is interrupted for this PDU Session.
2)
That the UE indicates to the network in Service Request, Registration Request, which PDU Sessions are in “Active No Paging” state. (Details are left to Stage 3)
Proposal 4a: [5GS] A PDU Session remains in “Active No paging” state at least until 

-
The PDU Session is released explicitly or locally i.e. enters “Inactive” state; or

-
The UE indicates the PDU Session is “Not Inactive” in the Service Request message or the Registration Request message; or
-
The UE indicates that uplink data are pending for the corresponding PDU session using the Uplink data status IE in the Service Request message or the Registration Request message; or
-
The UE enters an area where the “Active No Paging” indication is not supported in which case the UE assumes the PDU Session is no longer in this state.

Given proposal 4a the following proposal is made:

Proposal 5a: [5GS] the Busy indication and Leaving indication are combined into a single indication added to:
-
The Service Request message and the Registration Request message

-
The UE can “reject” an incoming page with a Service Request message including this indication. The UE can indicate the PDU Session status as needed in this message. 
The above proposals allow to address fully cases b) and c) above while also allowing to address the Returning case without the need for any separate “Returning” indication.

Observation 4a: [5GS] no distinct returning indication is needed.

Proposal 6a: [5GS] Case a) can be partly realized with the above proposals i.e. using PDU session status as deemed necessary e.g. leaving only the PDU Session carrying a QoS flow with 5QI=5 (i.e. IMS signalling) active as is. Whether an additional indication for voice only is needed (i.e. to restrict other IMS services than MMTel Voice) can be considered.

NOTE:
The PDU Session Modification procedure can be used if selective deactivation of QoS flows (except the default QoS flow) is needed in PDU Sessions remaining fully active.
EPS: EPS bearer context status “Active No Paging”
Proposal 3b: [EPS] It is proposed:
1)
When an EPS bearer context status indicates an EPS bearer context is in state “Active No Paging”:

-
For the UE: the EPS bearer context is kept active but the UE does not expect to be paged for this EPS Bearer; and

-
For the Network: the EPS bearer context is kept active but paging can be interrupted/is interrupted for this EPS Bearer.
2)
That the UE indicates to the network in Service Request, TAU Request, which EPS bearer contexts are in “Active No Paging” state. (Details are left to Stage 3)
Proposal 4b: [EPS] An EPS bearer context remains in BEARER CONTEXT ACTIVE NO PAGING state at least until 

-
The EPS Bearer is released explicitly or locally i.e. enters “Inactive” state; or

-
The UE indicates the EPS bearer context is “Not Inactive” in the Service Request message or the TAU Request message; or
-
The UE enters EMM-CONNECTED mode for establishing user plane resources:


-
by sending a SERVICE REQUEST message; or

-
by sending a TRACKING AREA UPDATE REQUEST message with “active” flag set to “1”; or


-
by sending a CONTROL PLANE SERVICE REQUEST message with “active” flag set to “1”. Or
-
The UE enters an area where the “Active No Paging” indication is not supported in which case the UE assumes the EPS bearer context is no longer in this state.
Given proposal 3b the following proposal is made:

Proposal 5b: [EPS] the Busy indication and Leaving indication are combined into a single indication added to:

-
The Service Request message and the TAU Request message

-
The UE can “reject” an incoming page with a Service Request message including this indication. The UE can indicate the EPS bearer context status as needed in this message. 
The above proposals allow to address fully cases b) and c) above while also allowing to address the Returning case without the need for any separate “Returning” indication.

Observation 4b: [EPS] no distinct returning indication is needed.

Proposal 6b: [EPS] Case a) can be partly realized with the above proposals i.e. using EPS bearer context status as deemed necessary, e.g. leaving only the EPS bearer context for the default EPS bearer with QCI=5 active as is. Whether an additional indication for voice only is needed (i.e. to restrict other IMS services than MMTel Voice) can be considered.

Proposal 7: It is proposed to take the above proposals as working assumption to proceed with MUSIM Leaving/Busy.
4
Conclusions
Observation 1: responding to paging with a registration request or tracking area update request occurs only in case the UE has failed a registration procedure (mobility-periodic) or TAU and thus attempting the same procedure once again. No data are sent/received. The UE rather than properly responding to the page reacts to it to trigger the previously failed registration attempt.

Observation 2: the normal response to a Paging Request is the Service Request message, whether in 5GS or EPS.

Observation 3: Existing means to make PDU Sessions/EPS Bearers “Inactive” (i.e. using PDU session status indication and EPS bearer context status indication) can largely achieve the desired effect, however, per PDU Session/per EPS bearer context signalling (already specified) is needed for reactivation.

Observation 4a: [5GS] no distinct returning indication is needed.

Observation 4b: [EPS] no distinct returning indication is needed.

Proposal 1: In 5GMM-REGISTERED.ATTEMPTING-REGISTRATION-UDPATE state (resp. EMM-REGISTERED.ATTEMPTING-TO-UPDATE state in EPS), upon being paged, the UE sends a Registration Request (mobility/periodic) (resp. TAU Request) as defined today – this is not affected by MUSIM.

Proposal 2: To introduce a third state information in the PDU session status and EPS bearer context status status in addition to “Inactive” and “not Inactive” i.e. “Active No Paging”. This approach has the main benefit to avoid per PDU Session / per EPS Bearer Context signalling for reactivation of the PDU Session / EPS Bearer Context, while enabling this indication to be provided whenever a PDU session status or EPS bearer context status indication can already be provided i.e. SR and MRU/TAU.

Proposal 3a: [5GS] It is proposed:
1)
When a PDU Session status indicates a PDU Session is in state “Active No Paging”:

-
For the UE: the PDU Session is kept active but the UE does not expect to be paged for this PDU Session; and

-
For the Network: the PDU Session is kept active but paging can be interrupted/is interrupted for this PDU Session.
2)
That the UE indicates to the network in Service Request, Registration Request, which PDU Sessions are in “Active No Paging” state. (Details are left to Stage 3)

Proposal 4a: [5GS] A PDU Session remains in “Active No paging” state at least until 

-
The PDU Session is released explicitly or locally i.e. enters “Inactive” state; or

-
The UE indicates the PDU Session is “Not Inactive” in the Service Request message or the Registration Request message; or

-
The UE indicates that uplink data are pending for the corresponding PDU session using the Uplink data status IE in the Service Request message or the Registration Request message; or

-
The UE enters an area where the “Active No Paging” indication is not supported in which case the UE assumes the PDU Session is no longer in this state.

Proposal 5a: [5GS] the Busy indication and Leaving indication are combined into a single indication added to:

-
The Service Request message and the Registration Request message

-
The UE can “reject” an incoming page with a Service Request message including this indication. The UE can indicate the PDU Session status as needed in this message. 
Proposal 6a: [5GS] Case a) can be partly realized with the above proposals i.e. using PDU session status as deemed necessary e.g. leaving only the PDU Session carrying a QoS flow with 5QI=5 (i.e. IMS signalling) active as is. Whether an additional indication for voice only is needed (i.e. to restrict other IMS services than MMTel Voice) can be considered.

Proposal 3b: [EPS] It is proposed:
1)
When an EPS bearer context status indicates an EPS bearer context is in state “Active No Paging”:

-
For the UE: the EPS bearer context is kept active but the UE does not expect to be paged for this EPS Bearer; and

-
For the Network: the EPS bearer context is kept active but paging can be interrupted/is interrupted for this EPS Bearer.
2)
That the UE indicates to the network in Service Request, TAU Request, which EPS bearer contexts are in “Active No Paging” state. (Details are left to Stage 3)

Proposal 4b: [EPS] An EPS bearer context remains in BEARER CONTEXT ACTIVE NO PAGING state at least until 

-
The EPS Bearer is released explicitly or locally i.e. enters “Inactive” state; or

-
The UE indicates the EPS bearer context is “Not Inactive” in the Service Request message or the TAU Request message; or

-
The UE enters EMM-CONNECTED mode for establishing user plane resources:


-
by sending a SERVICE REQUEST message; or

-
by sending a TRACKING AREA UPDATE REQUEST message with “active” flag set to “1”; or


-
by sending a CONTROL PLANE SERVICE REQUEST message with “active” flag set to “1”. Or

-
The UE enters an area where the “Active No Paging” indication is not supported in which case the UE assumes the EPS bearer context is no longer in this state.
Proposal 5b: [EPS] the Busy indication and Leaving indication are combined into a single indication added to:

-
The Service Request message and the TAU Request message

-
The UE can “reject” an incoming page with a Service Request message including this indication. The UE can indicate the EPS bearer context status as needed in this message. 
Proposal 6b: [EPS] Case a) can be partly realized with the above proposals i.e. using EPS bearer context status as deemed necessary, e.g. leaving only the EPS bearer context for the default EPS bearer with QCI=5 active as is. Whether an additional indication for voice only is needed (i.e. to restrict other IMS services than MMTel Voice) can be considered.

Proposal 7: It is proposed to take the above proposals as working assumption to proceed with MUSIM Leaving/Busy.[image: image1.png]



