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Abstract of the contribution: This contribution introduces new procedures to support the RRC Inactive state.
Introduction

It is agreed to introduce in 5G System a new RRC Inactive state that requires new procedures that should be documented in the SA2 specifications.

Discussion

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

This above requires 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.

However, given these procedures are transparent from SA2 point of view, they are not further addressed in this contribution assuming that they will be introduced by RAN2 and RAN3.
The transition from RRC_INACTIVE to RRC_CONNECTED state may take place at the same old serving RAN node where the UE Context is stored or at a different, new serving RAN node. In the latter case the UE Context must be retrieved from the old serving RAN node where it is currently stored. There are two scenarios:

1. The new serving RAN node has an established Xn interface with the old serving RAN node.

2. The new serving RAN node does not have an established Xn interface with the old serving RAN node.

In scenario 1. the new serving RAN node retrieves the UE Context by means of a new procedure referred here as ‘UE Context Retrieval via the radio access network’. Furthermore, if the Resume procedure was triggered by paging from the old serving RAN node, the data that triggered paging buffered at old serving RAN node must also be forwarded to the new serving RAN node.

Proposal 1: A new procedure for a UE Context retrieval via the radio access network, i.e. via the Xn interface shall be introduced. The details will be specified by RAN WG3.  Following successful UE context transfer, data forwarding from old serving RAN to new serving RAN can be applicable. 

In scenario 2. the new serving RAN nodes retrieves the UE Context by means of control plane signalling via the AMF. A AMF in the pool the RAN is connected to that is eligible to be used as a relay can be chosen. The AMF uses the old serving RAN node ID included in the Resume ID provided by the UE at Connection Resume procedure to identify and request the UE Context transfer from the old serving RAN node. Furthermore, if the Resume procedure was triggered by paging from the old serving RAN node, the data that triggered paging buffered at old serving RAN node must also be forwarded to the new serving RAN node. This is achieved by a subsequent procedure to forward the data from old serving RAN to new serving RAN.

 Proposal 2: A new procedure for a UE Context retrieval via the 5GC, i.e. via the N2 interface shall be introduced and documented in TS 23.502. Following successful UE context transfer, data forwarding from old serving RAN to new serving RAN can be applicable.  

The RRC_INACTIVE properties state shall meet the following objectives:

TR 38.804:

A UE in RRC_INACTIVE should incur minimum signalling to fulfil the control latency requirement [16] and minimise power consumption comparable to LTE RRC_IDLE and resource costs in the RAN/CN making it possible to maximise the number of UEs utilising and benefiting from this state. On the other hand, RRC states with significantly overlapping characteristics should be avoided and the number of network identifiers should be minimised.

TR 23.799:

RAN WG2 is expected to define means for a UE in MM Registered CN Connected state not transmitting or receiving data to achieve a comparable power efficiency to that of a UE in CN Idle state.

The latency objective is met by the fact that the signalling to setup the N1, N2 and N3 associations and resources is eliminated.

The objective concerning minimisation of power consumption and resource costs is met by using UE’s Registration Area as its RAN Paging Area where no additional signalling from UE RAN Paging Area updates within its Registration Area will be induced.

RAN WG2 agreed to introduce the ‘RAN Paging Area’ where it is assumed that it will be aligned with the LC agreement where that area can be configured in the UE by RAN as a:

· List of cells within a TAI List;
· TAI List

Hence configuring the RAN Paging Area of the same size as UE’s Registration Area rather than opting for a smaller ‘subset of cells within TAI List’ RAN Paging Areas limited by Xn availability, has the benefit of keeping the signalling overhead and UE battery lifetime while in RRC_INACTIVE state on par with the CM-IDLE state as documented inthe 5G objectives by SA2 in the TR 23.799. 
Furthermore, paging of UEs that are at the paging time re-selecting to another RAN Paging might increase the paging failure rate as being observed in 3G networks.
Using the Registration Area (TA List) implies that the RAN Paging Area can reach outside of the Xn connectivity of the old serving RAN node. Hence RAN Paging is not limited by Xn connectivity. To overcome the Xn connectivity limitation at RAN Paging, the proposed solution is to introduce a new procedure, RAN Paging relay via the 5GC procedure. In this procedure old serving RAN sends the N2 Paging message to the AMF and requests the AMF to relay the N2 Paging message according to the included Paging scope information. The Paging scope information can be e.g. one, several TA(s) or the complete TA List of the UE’s Registration Area that is subject to paging. The AMF uses its native capability to resolve information like TA or TAI List into the N2 interfaces of the relevant RAN nodes and relays the N2 Paging message in a multi-cast manner accordingly.
Proposal 3: A new procedure for a RAN Paging Relay via the 5GC, i.e. via the N2 interface shall be introduced and documented in TS 23.502..
As outlined in proposals 3 , RAN can initiate the UE Context retrieval via the CN/AMF. However, to ensure isolation between the slices not all AMFs connected to a given RAN node might be eligible to be used by the RAN node for this procedure.

Proposal 4: It is proposed that at NG/N2 interface setup, the AMF can indicate to RAN if it can be used by RAN for the UE Context retrieval via the CN procedures. The details will be specified by RAN WG3. When RAN needs to use the UE Context retrieval via the CN, it selects an AMF that indicated it supports this procedure. 
RAN paging relay via CN vs CN paging when UE in RRC Inactive
This section briefly compares the proposed solution to relay RAN paging via the CN with CN paging when UE is in RRC Inactive state.

Below we provide a list of impacts and issues that need to be resolved when CN paging is initiated for a UE in RRC Inactive state: 

1. CN paging requires that for a UE in RRC Inactive state, RAN notifies the CN that it shall a page a UE. Hence it requires that CN either pages a UE that is in CM-Connected state or, considering that a UE in CM-Connected state is not paged by CN, a new CM state in CN is introduced.

2. In the case that CN initiated paging on RAN request is supported, the AMF would need to support paging triggers on two interfaces, the N11 toward the SMF and on the N2 interface toward the RAN, potentially with different procedures and information elements.
Obviously, there are additional impacts on the AMF that need to be considered.

If RAN requests the AMF to page the UE, there will be two paging processes running in the network, one in the RAN and one in the AMF. It will be required to synchronize these processes to avoid that e.g. RAN considers a paging failure while the AMF still waits for a page response. If such synchronization is not in place, other procedures will be required to ensure that no state mismatch occurs. Brief analysis identifies some interference scenarios:
1. Different handling of page response in RAN dependent whether UE connects to the old serving RAN node holding the UE Ctxt or a different RAN node. In former case the old serving RAN node need to cancel paging in the AMF, in the latter case path-switch will accomplish that task.

2. During the paging ongoing procedure, the UE resumes the connection due to MO session. RAN needs to cancel the paging in the AMF. 
3. If UE resumes and context fetch succeed, but no path switch yet resulting in CN paging failure. CN should take no action or maybe it should??

4. RAN decides to release the N2 association while CN paging is ongoing, shall CN paging continue? What if paging succeeds and N2 interface is released? The user data that triggered the paging will be discarded...


Conclusion: Without a deeper analysis, there are several interference cases to consider. Obviously, it is the mixed responsibilities that result in these awkward interferences cases. There are probably possible ways to sort out the cases, but it has the marks of a bad solution that is many if-then per case. Noticeable, the RAN paging relay via the CN solution does not exhibit any interference cases.

AMF that has initiated paging needs to receive an indication of a successful page response/connections resumption as an acknowledged N2 procedure and hence additional signalling towards CN is introduced while UE is in RRC Inactive state, 
 RAN paging relay via the CN on the other hand is stateless in the AMF, i.e. only RAN is aware of the UE being paged and remains in control of the paging process and therefore no interference cases in contrary to the CN paging while in RRC Inactive state are identified.
In light of the analysis above it can be concluded that RAN paging relay via the CN adds less complexity due to a single controlling entity is in place than outsourcing the RAN paging for a UE in RRC Inactive state to the CN.

A second option is to, at RAN paging failure potentially due to lack of Xn connectivity, release the N2 interface for the UE and request the serving AMF to start CN paging.

This has following impacts:

· New procedure needed to trigger CN paging from RAN;
· Impacts on RAN and AMF;

· New procedure needed to send back user plane data from the RAN user plane handling function to the UPF;

· Impact on RAN, AMF, SMF and UPF;

Besides the additional impacts, such approach has the major drawback that it forces the UE to enter CM-IDLE state and perform a Service Request procedure. This approach basically disables the RRC Inactive state and is not considered to be a viable solution.
Conclusions

This contribution discussed the properties of the RRC Inactive state, the justification for procedures avoiding additional signalling overhead and finally proposes new procedures to accommodate these. It furthermore compared two solutions for RAN paging providing the concluding that RAN paging relay via the CN is less complex while more robust than CN paging when UE is in RRC Inactive state.

Following proposals are made:

Proposal 1: A new procedure for a UE Context retrieval via the radio access network, i.e. via the Xn interface. shall be introduced. The details will be specified by RAN WG3. Following successful UE context transfer, data forwarding from old serving RAN to new serving RAN can be applicable
Proposal 2: A new procedure for a UE Context retrieval via the 5GC, i.e. via the N2 interface shall be introduced and documented in TS 23.502. Following successful UE context transfer, data forwarding from old serving RAN to new serving RAN can be applicable
Proposal 3: A new procedure for a RAN Paging Relay via the 5GC, i.e. via the N2 interface shall be introduced and documented in TS 23.502.

Proposal 4: It is proposed that at NG/N2 interface setup, the AMF can indicate to RAN if it can be used by RAN for the UE Context retrieval via the CN procedures. The details will be specified by RAN WG3. When RAN needs to use the UE Context retrieval via the CN, it selects an AMF that indicated it supports this procedure. 
It is proposed to introduce the following new procedures into the TS 23.502.
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2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 23.501: " System Architecture for the 5G System; Stage  2".

[3]
IETF RFC 7296: "Internet Key Exchange Protocol Version 2 (IKEv2)".
[4]
IETF RFC 5998: "An Extension for EAP-Only Authentication in IKEv2".

[5]
IETF RFC 4282: "The Network Access Identifier".
[6]
IETF RFC 4861: "Neighbor Discovery for IP version 6 (IPv6)".
[7]
3GPP TS 23.040: "Technical realization of the Short Message Service (SMS)".
[8]
IETF RFC 4862: "IPv6 Stateless Address Autoconfiguration".
[9]
3GPP TS 38.300: "NR; NR and NG-RAN Overall Description; Stage 2 ".
[10]
3GPP TS 38.413: "NG Radio Access Network (NG-RAN); NG Application Protocol (NGAP) ". 
[11]
3GPP TS 38.423: "NR-RAN; Xn Application Protocol (XnAP) "
-----------------------------------------NEXT CHANGE-------------------------------------------------
4.8.x4
UE Context Retrieval via the 5GC

The UE Context Retrieval via the 5GC procedure is used if the UE in RRC Inactive state requests to resume a connection toward a new serving RAN while the UE Context is stored at last serving RAN, and the UE Context can not be retrieved from the last Serving RAN node due to lack of Xn interface between the new and the last Serving RAN node.


[image: image1.emf]New NG-RAN 

node

Last Serving NG-

RAN node

Serving AMF

6. PATH SWITCH REQUEST

8a. NGAP RELAY XN REQUEST (XnAP UE CONTEXT RELEASE)

3b. NGAP RELAY XN INDICATION ( XNAP RETRIEVE UE CONTEXT RESPONSE)

2a. NGAP RELAY XN REQUEST (XnAP RETRIEVE UE CONTEXT REQUEST)

7. PATH SWITCH REQUEST RESPONSE

UE

4. RRCConnectionResume

UE in RRC_INACTIVE / 

CM-CONNECTED

1. RRCConnectionResumeRequest

UE in RRC_CONNECTED 

/ CM-CONNECTED

5a. NGAP RELAY XN REQUEST (XNAP DATA FORWARDING ADDRESS INDICATION)

Suitable AMF

2b. NGAP RELAY XN INDICATION 

(XnAP RETRIEVE UE CONTEXT REQUEST)

3a. NGAP RELAY XN REQUEST 

(XnAP RETRIEVE UE CONTEXT RESPONSE)

5b. NGAP RELAY XN INDICATION 

(XNAP DATA FORWARDING ADDRESS INDICATION)

8b. NGAP RELAY XN INDICATION 

(XnAP UE CONTEXT RELEASE)


Figure 4.8.x4-1: UE context retrieval via the 5GC
1.
The UE resumes from RRC_INACTIVE, providing the Resume ID, allocated by the last serving NG-RAN node.

Editor’s note: 
Applicability of the term Resume ID for NG-RAN is pending RAN2.
2a.
If the UE Resumes at a new NG-RAN node, different from the last serving NG-RAN node , and if the new NG-RAN node is able to resolve the last serving NG-RAN node’s identity contained in the Resume ID, but has no Xn connectivity towards the last serving NG-RAN node, it requests a suitable AMF within the AMF set it is connected to, to relay the request to provide UE Context data to the last serving NG-RAN node sending the RELAY XN REQUEST message, providing appropriate NG-RAN node identifiers.

2b.
The suitable AMF relays the XnAP message issued within step 2a to the last serving NG-RAN node
3a.
The last serving NG-RAN node request a suitable AMF to relay the XnAP message containing UE context data to the new NG-RAN node.
3b.
The suitable AMF relays the XnAP message issued within step 3a to the new NG-RAN node
4.
The new NG-RAN node completes the resumption of the RRC connection.
5a./5b. If loss of DL user data buffered in the last serving NG-RAN node shall be prevented, the new NG-RAN node provides forwarding addresses
6.-7. The new NG-RAN node performs path switch.
8a.
The new serving NG-RAN node request a suitable AMF to relay the XnAP UE CONTEXT RELEASE message containing UE context data to the last serving NG-RAN node.
8b.
The suitable AMF relays the XnAP message issued within step 8a to the last serving NG-RAN node.
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.

-----------------------------------------LAST CHANGE-------------------------------------------------

4.8.x5
NG-RAN Paging Relay via the 5GC

The NG-RAN Paging Relay via the 5GC procedure is used by NG-RAN to page a UE in RRC Inactive state over NG-RAN nodes being in UE’s Registration Area, e.g including the NG-RAN nodes towards which the serving NG-RAN node has no Xn interfaces established. Paging management, i.e. paging repetitions, escalation, monitoring is handled by the NG-RAN node that has initiated the NG-RAN paging procedure.

In the NGAP Relay Paging Request message the paging NG-RAN node includes  the NGAP Paging message and the Paging scope information. The Paging scope information can be list of cell candidates for paging, one, several TA(s) or the complete TA List of the UE’s Registration Area that is subject to paging.The AMF that receives the NGAP Relay Paging Request message, relays the NGAP Paging message toward the relevant NG-RAN nodes according to the Paging scope information, in a multi-cast manner.
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Figure 4.8.x5-1: NG-RAN Paging Relay via the core network 

1.
The serving NG-RAN node decides to relay the paging via the 5GC.

2.
Serving NG-RAN to AMF: NG Relay Paging Request (NGAP Paging, Paging Scope)

The serving NG-RAN node requests a suitable AMF to relay the paging message to the NG-RAN nodes in UE’s Paging scope, e.g. one, several TA(s) or all TAs included in the TAI List of the UE’s Registration Area. The NGAP Paging message can include list of cell candidates for paging.

3.
The AMF, based on received UE’s Paging scope, selects the NG-RAN nodes to which the paging message will be relayed, i.e. the AMF relays the paging message in multi-cast manner. No state is saved in the AMF related to the relayed paging procedure
4.
AMF to NG-RAN: NGAP Paging.

The AMF relays NGAP Paging to the NG-RAN nodes in UE’s Paging scope.


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

-----------------------------------------END OF CHANGES-------------------------------------------------
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