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Discussion

1) RRC state notification from NR-RAN to 5GC

In SA2#122, the following text and ED’s were updated in chapter 5.3.3.2.3 and 5.3.3.2.5 in TS 23.501
5.3.3.2.3
CM-CONNECTED state

[…]

A UE in CM-CONNECTED state can be in RRC Inactive state, see TS 38.xxx. When the UE is in RRC Inactive state the following applies:

-
UE reachability is managed by the RAN, with assistance information from core network;
-
UE paging is managed by the RAN.
-
UE monitors for paging with UE's CN and RAN identity.
The 5GC network is not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state.

Editor's note:
It is FFS if CN needs to receive notifications from RAN that may be related to RRC state transitions (e.g. related to location accuracy, reachability, etc.). The need for such notifications is to be discussed on case by case basis.
5.3.3.2.5
CM-CONNECTED with RRC inactive state

[…]

The 5GC network is not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state.

Editor's note:
It is FFS if CN needs to receive notifications from RAN that may be related to RRC state transitions (e.g. related to location accuracy, reachability, etc.). The need for such notifications is to be discussed on case by case basis.

[…]
The RRC Inactive state is based on:

· At transition from RRC_CONNECTED to RRC_INACTIVE storing the Access Stratum (AS) UE Context in the RAN and in the UE 

· While in RRC_INACTIVE keeping the N2 UE connection and N3 user plane resources established

· The UE CM state in the UE and in the AMF is CM-CONNECTED

· The stored AS UE Context data is used to enable faster resumption of the RRC connection to enter RRC_CONNECTED state

And two RRC procedures, ‘Connection Suspend procedure’ specifying RRC_CONNECTED to RRC_INACTIVE state transition and ‘Connection Resume procedure’ specifying transition from RRC_INACTIVE to RRC_CONNECTED state, are introduced to handle RRC connection.
Given that a UE in RRC_INACTIVE state behaves as UE in RRC_IDLE state, RAN is unaware of e.g. UE location on a cell level as in case of RRC_CONNECTED state, neither can it communicate with the UE without establishing/resuming the RRC connection first. On the other hand, the CN traditionally developed functionality and features assuming awareness and an alignment of the UE states between AS and NAS layers, hence, to maintain the same possibilities also when RRC Inactive state is introduced and used, the AMF shall be aware of the UE RRC_CONNECTED/RRC_INACTIVE state transitions.

A UE in RRC_INACTIVE state has a rather different characteristic compared to when being in RRC_CONNECTED state but at the same time the UE is only represented in the CN by a single state, the CM-CONNECTED state. The CN needs to be aware of the UE’s RRC state due to following considerations:

-
It’s critical for CN to know the RRC state to be able to enhance the transmission control logic in an efficient way (e.g. adjusting timers, adjusting response to northbound requests, knowing correctness of latest cell id, statistics of UE behaviour, etc). For MT signalling during RRC_INACTIVE, RAN node change becomes a more frequent case (an exceptional collision scenario in EPS becomes a rather normal scenario in 5G), CN needs to be aware of the RRC_INACTIVE state to be able to handle the procedure interfering cases more properly (e.g. AMF/SMF shall be coordinated to re-send MT signalling towards the new RAN node). 

-
When AMF receives UE information query (e.g. Location info query) from other NFs while UE is in CM-CONNECTED, either the request shall be delivered to RAN to get more accurate info, or AMF shall be aware of the UE states (e.g. RRC_INACTIVE state and the time stamp when it moves to RRC_INACTIVE).

-
The network characteristics in these two RRC states are very different, and from operation and maintenance point of view it’s critical to have correct CN statistics (e.g. performance measurements, KPIs, UE traces, etc). Without separation of RRC_INACTIVE and RRC_CONNECTED the CN statistics would be incorrect and misleading.  

-
CN needs to provide paging priority and policy/strategy differentiation information to RAN for MT signalling in case RAN paging will be applied (i.e. UE is in RRC_INACTIVE state). Even in the case of MT data or N2 downlink signalling (where RAN has access to certain paging priority and policy differentiation, e.g. QoS info of the PDU session), CN may need to assist RAN with paging priority and policy/strategy differentiation (e.g. the parameters in CN can be used to influence paging polity/strategy more than RAN side available parameters).
With the separation of mobility management and session management principle in 5GC, the mobility Registration Area is decoupled from the SMF “area of interest” and SMF can subscribe for the location information from AMF (e.g. UPF service area according to TS 23.501 chapter 5.6.11). In order for AMF to be updated with the latest UE location info in CM-CONNECTED mode, AMF need to request UE location report from NG-RAN. Considering the nature of the RRC-INACTIVE state that NG-RAN is not aware of the UE location at cell level, it’s not reasonable to ask NG-RAN for UE location report when UE is in RRC inactive sate. AMF only need to know the latest UE location info when it enters RRC inactive. With RRC-ACTIVE and RRC-INACTIVE state notification towards AMF, it’s not only about delivering the RRC state info to 5GC (needed due to the considerations listed in above bullets), but also deliver the necessary latest user location info to 5GC. The signalling exchange on N2 interface is not increased, with the consideration of required location info update from NG-RAN to AMF.
The notification from NG-RAN to AMF can either be subscription based (i.e. AMF subscriber for the notification when UE context is established in NG-RAN) or as mandatory for the UE using RRC-INACTIVE state. Considering the decoupling of mobility registration area and SMF “area of interest” (e.g. UPF service area), it will become very common for SMF to subscribe for the UE location information in 5GS deployments. Therefore it is proposed that NR-RAN optionally shall always do RRC INACTIVE/ACTIVE state notifications – e.g. based on operator local configuration. Alternatively, the NR-RAN reports RRC state transitions based on request from AMF.
The signalling to achieve this RRC state notification, together with latest location info update, on N2 interface can either be standalone procedure or a re-construction of an existing procedure (e.g. Location reporting procedure). Two options are outlined below:
Option 1):  
The Location reporting procedure is generalized to “UE info reporting”, e.g. location info and/or RRC state transition info. 

Option 2):  
A RRC state notification procedure is introduced to report RRC state transitions. The UE’s latest location info is also included when a state transition is reported. 
Note: when UE performs RRC Connection Resume towards new serving NG-RAN, N2 Path Switch Request procedure will be used towards AMF, which is considered as a notification of UE location info and also of RRC state change to RRC_CONNECTED. In such cases a specific notification of the RRC state transition as of option 1) or 2) would not be needed.
2) Location report in RRC INACTIVE state.

The Location report procedure (i.e. clause 4.10) was introduced in SA2 #122, with the following ED. 
Editor's note:
It is FFS how to report the location information when UE is in RRC Inactive.  

Since RAN does not know the exact cell where the UE is located in RRC Inactive state, it’s proposed that RAN does not report location related information in RRC inactive state until the UE re-enters RRC CONNECTED state.
Proposal

Option 1:
-------------------------------------------FIRST OPTION 1 CHANGE------------------------------------------
4.10
UE information reporting procedures


This procedure is used by an AMF to request the RAN to report UE information, i.e. where the UE is currently located or RRC state information, when the target UE is in CM-CONNECTED state. When AMF has requested reporting of subsequent changes, the need for the RAN to continue reporting ceases when the UE transitions to CM-IDLE or the AMF send cancel indication. This procedure may be used for services that require RRC state information or accurate cell identification (e.g. emergency services, lawful intercept, charging, MT control and paging assistance, O&M and collection of statistics), or for subscription to the service by other NFs.
Reporting of RRC state transitions can be requested per UE by AMF. Continuous reporting of all RRC state transitions can be enabled by operator local configuration.
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Figure 4.10-1: UE Information Reporting Procedure
1.
The AMF sends a UE Information Reporting Request message to the RAN. The UE Information Reporting Request message shall identify the UE for which report(s) are requested, the requested information (i.e. location information, RRC state information or both), and may contain information such as reporting type. The requested location information could be TAI + Cell Identity. The reporting type indicates whether reporting about subsequent changes of the requested information is shall be done. 
2.
The RAN sends a UE Information Report message informing the AMF about the requested information for  the UE. The current location is always included when RRC state information is reported.


When the AMF has requested reporting about subsequent changes, the RAN sends subsequent UE Information Report messages to the AMF every time the requested information changes (i.e. location or RRC state) until the UE transitions to CM-IDLE or RAN receives a Cancel UE Information Reporting message from the AMF.
NOTE 1: 
RAN does not report location changes for UEs in RRC Inactive state. 
3.
The AMF can send a Cancel UE Information Reporting message to inform the RAN that it should terminate notifications about changes for a given UE. This message is needed only when reporting about subsequent changes was requested.

NOTE 2:
UE information reporting is transferred during Xn handover, although new control signalling is not transferred during an active handover.

Editor's note:
The location report procedure is FFS for N3GPP scenario.  


-----------------------------------------END OF OPTION 1 CHANGES------------------------------------

Option 2:

-------------------------------------------FIRST OPTION 2 CHANGE-----------------------------------------
4.8.x1
N2 Notification procedure

This procedure is used by an AMF to request the RAN to report RRC state information, when the target UE is in CM-CONNECTED state. When AMF has requested reporting of subsequent state changes, the need for the RAN to continue reporting ceases when the UE transitions to CM-IDLE or the AMF sends a cancel indication. This procedure may be used for services that require RRC state information (e.g. 5GC MT control and paging assistance, O&M and collection of statistics), or for subscription to the service by other NFs.
Reporting of RRC state transitions can be requested per UE by AMF. Continuous reporting of all RRC state transitions can be enabled by operator local configuration.
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Figure 4.8.x1-1: RRC state transition notification 
1.
The AMF sends a UE State Transition Notification Request message to the RAN. The UE State Transition Notification Request message shall identify the UE for which notification(s) are requested, and may contain a reporting type. The reporting type indicates whether subsequent state transitions shall also be notified.
Editor's Note: This request can either be sent as an indication when the UE context is established towards RAN, or after the UE context has been established. Details concerning N2 messages and the information contained in these messages will be aligned with RAN WG3.
2.
The RAN sends the UE Notification message to report the current RRC state for the UE (i.e. RRC Inactive state or RRC Connected state). The current UE location information (i.e. TAI + Cell Identity) is always included when RRC state information is reported.

When the AMF has requested reporting about subsequent state transitions, the RAN sends subsequent UE Notification messages to the AMF at every RRC state transition until the UE transitions to CM-IDLE or RAN receives a Cancel UE State Notification message from the AMF.

3.
The AMF can send a Cancel UE State Notification message to inform the RAN that it should terminate notifications for a given UE. This message should only be used when notification(s) about subsequent state transitions was requested.

Editor’s Note: Details concerning RRC and N2 messages and the information contained in these messages will be aligned with RAN WG2 and RAN WG3.

----------------------------------------- NEXT OPTION 2 CHANGE------------------------------------------

4.10
Location reporting procedures

Editor's note:
Including procedures equivalent to Location Reporting.
This procedure is used by an AMF to request the RAN to report where the UE is currently located when the target UE is in CM-CONNECTED state. When AMF has requested reporting of subsequent location changes, the need for the RAN to continue reporting ceases when the UE transitions to CM-IDLE or the AMF send cancel indication. This procedure may be used for services that require accurate cell identification (e.g. emergency services, lawful intercept, charging), or for subscription to the service by other NFs.
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Figure 4.10-1: Location Reporting Procedure

1.
The AMF sends a Location Reporting Control message to the RAN. The Location Reporting Control message shall identify the UE for which report(s) are requested, the requested location information and may contain information such as reporting type. The requested location information could be TAI + Cell Identity. The reporting type indicates whether reporting about subsequent location changes is shall be done.

2.
The RAN sends a Location Report message informing the AMF about the location of the UE, which shall include the requested location information. 

When the AMF has requested reporting about subsequent location changes, the RAN sends subsequent Location Report messages to the AMF every time the location changes until the UE transitions to CM-IDLE or RAN receives a Cancel Location Reporting message from the AMF.

RAN shall only send the UE Notification message (see clause 4.8.x1) when the location change and the RRC State transition coincides. 
NOTE 1: 
RAN does not report location changes for UEs in RRC Inactive state. 

3.
The AMF can send a Cancel Location Reporting message to inform the RAN that it should terminate location reporting for a given UE. This message is needed only when reporting about subsequent changes was requested.

NOTE:
Location reporting is transferred during Xn handover, although new control signalling is not transferred during an active handover.

Editor's note:
The location report procedure is FFS for N3GPP scenario.  

  

-----------------------------------------END OF OPTION 2 CHANGES-------------------------------------

3GPP

SA WG2 TD


_1564306581.doc


3. Cancel UE Information Reporting







AMF







2. UE Information Report







1. UE Information Reporting Request







RAN












_1564306463.doc


3. Cancel UE State Notification
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