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Abstract of the contribution: Solution based on RAN based buffering to address when a RedCap UE uses long eDRX combined with RRC-Inactive.
Background

During Rel-17 SA2 discussed the request from RAN2 to support long eDRX (long than 10.24s) when a RedCap UE is in RRC-Inactive. During this discussion we proposed a solution based on RAN performing extended buffering and reuse of legacy mechanisms to handle the cases when MT signalling and MT data arrives at the RAN node. This is typically a rare case as this devices type that use long eDRX are driven by UL traffic.
The proposal was in short:

a) Allow eDRX >10,24s for RRC-Inactive

b)
RAN may optionally also buffer MT data in case it judges it is feasible, or drops it which could lead to that RAN triggers the CM release (N2 msg), “kind of paging failure”.

c)
If NAS data can’t be delivered (page the UE within the NAS timer range i.e. <10.24s), then RAN trigger the CM release (N2 msg – UE context release request), “kind of paging failure” 

d)
It may be needed that RAN together with the CM release request also updates the CN with the UE’s eDRX RRC-Inactive configuration based on RRC configuration. So the CN knows when to issue a retransmission of the NAS msg.
e)
CN does NOT handle HLcom in CM-connected state. 
f)
No changes are needed on CN concept of UE reachability.
When this solution for Rel-17 was proposed (during august SA2#146) we received feedback from Ericsson during the email discussion.

Solutions based on buffering in RAN come with the drawback/challenge that DL data buffered in gNB may be lost when UE resumes at a gNB that has no connectivity with the old gNB. Hence we will systematically encounter failed network data delivery. As per your proposal, gNB drops the DL data because/when it is not able to buffer it and the UE is released to CM-Idle which will result again in failed network data delivery and does not address the actual problem. The net result will be that UE will be cycled through all the RRC and CM states with all the signaling that it implies. The cleanest way to address that problem is to reuse the buffering in the CN that is already supported by HLCOM.







(Ericsson)    

While in eDRX, a UE may move between RNAs that have no connectivity. During this time period DL data may arrive and be buffered at old gNB that holds the UE Context. When the UE leaves the eDRX cycle, it may be under coverage and be served by a gNB that has no connectivity to old gNB. Thus the DL data buffered at old gNB can’t be forwarded.














(Ericsson)
Based on this feedback, the solution has been updated with new functionality addressing how to handle UE mobility outside the RNA and when a Xn interface between the new and old RAN node does not exist.
Proposal

The following solution is proposed for the study.
* * * Start of change (All new) * * * 

6.x
Solution #x: Long eDRX with RAN buffering
6.x.1
Introduction

This solution relates the KI#1 and proposes a solution where RAN initiates either extended buffering of MT data or notification to the AMF for UE unavailability due to use of long eDRX in RRC-Inactive.
6.x.2
Functional Description

This solution addresses KI#1 and the following principles are used:

-
Allow eDRX >10,24s for RRC-Inactive.
-
RAN anchor node configures the UE with eDRX value and PTW to be used during RRC-Inactive when releasing the UE to RRC-Inactive.
-
The CM idle mode eDRX and PTW configuration are provided to NG-RAN in the RRC Inactive Assistance Information as described in TS 23.501 [x] and TS 38.413 [y].
-
RAN is responsible for paging and will apply RAN paging strategy considering the UE PTW configuration.

-
RAN may buffer MT data in case it finds it feasible or triggers the UE context release (N2 msg).
NOTE 1: The N2 message could be the UE Context Release Request message which RAN use to notify the AMF of RAN paging failure. The message may need to be extended to include that the failure was due to eDRX configuration. TSG RAN3 is responsible for N2 messages and their format.



-
If MT NAS message can’t be delivered to the UE within the NAS retransmission timer range i.e. <10.24s), then RAN triggers the UE context release (N2 msg – UE context release request), with cause value indicating that the UE is not currently reachable for MT signaling.

NOTE 2: The N2 message used to deliver the failure could be the UE Context Release Request message which RAN use to notify the AMF of RAN paging failure. The message may need to be extended to include that the failure was due to eDRX configuration. Sending an N2 notification instead of UE Context release request could be an alternative to prevent that the UE is moved to CM-Idle state in the AMF. TSG RAN3 is responsible for N2 messages and their format.
-
As long as the RAN has not initiated UE context release, the Core Network behaves as in CM-CONNECTED state. 
Editor’s Note: It is FFS if any HLcom features described in TS 23.501 [x] clause 5.31.8 can be supported when the UE is in CM-Connected state.
-
After the UE context release, the Core network behaves as in CM-IDLE state, where it can initiate HLcom procedures, see TS 23.501 [x] clause 5.31.8.  

RAN is responsible for RAN based paging within a RAN Notification Area (RNA). Long eDRX may increase the possibility that UE moved outside the RNA and possible further away from the RNA. It is proposed that UE mobility and buffered MT data in the old RAN anchor Node should be handled based on the following principles:

-
In case the new gNB, inside or outside the RNA, has an Xn interface between the old RAN anchor node and the new gNB, then the new gNB can retrieve the UE context (based on procedures in TS 38.413) and also retrieve the extended buffered MT data and deliver the data to the UE.
-
In case the new gNB is outside the RNA and has NOT an Xn interface between the new gNB and old RAN anchor node, the new gNB is not able to retrieve the UE context and extended buffered Data from the old RAN anchor node. To avoid systematic failure to deliver the extended buffered data to the UE, it is proposed that the new gNB can request assistance from the Core Network in retrieving the UE context and extended buffered data.
-
As an alternative or a complement to the new gNB requesting assistance to retrieve the buffered data, the old gNB may request the AMF to escalate the paging in a wider area.

Editor’s Note: It is FFS if any changes is needed to the N2 message sent by the old RAN node. Furthermore, to make efficient use of this alternative it would be good if the N2 message is sent while there are POs remaining in the PTW.
6.x.3
Procedures

6.x.3.1
MT Signaling for UE in RRC-Inactive state with long eDRX.
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Figure 6.x.3.1-1: MT signaling for UE is in RRC-Inactive with long eDRX
0. UE is in RRC-Inactive/CM-Connected state configured by the RAN node to apply long eDRX in RRC-Inactive.
NOTE 1: The eDRX value could be either the value received by the AMF during the registration or a different eDRX value configured by RAN when the UE is released to RRC-Inactive.
1.
The AMF send NAS message towards the UE. 

2.
The RAN node determines when the UE will become reachable next time according to the eDRX scheme. If the UE will become reachable before NAS retransmission timer expires, then the RAN will buffer the NAS message and page the UE and deliver the NAS message to the UE according to step 6.
3.
Optional: If the RAN node determines that the UE will not become reachable before the NAS retransmission timer expires, it indicates failure to deliver the NAS message..
NOTE 2: The N2 message used to deliver the failure could be the UE Context Release Request message which RAN use to notify the AMF of RAN paging failure. The message may need to be extended to include that the failure was due to eDRX configuration. TSG RAN3 is responsible for N2 messages and their format.
4.
Optional: The AMF releases the UE context and moves to CM-IDLE state and decides based on the existing idle state procedures.
NOTE 3: The AMF may use the eDRX value stored in the MM UE context to determine when the UE becomes reachable again.
5.
Optional: The AMF retransmits the NAS message in conjunction to the next PTW.

6.
RAN B pages the UE and delivers the MT NAS message.
6.x.3.2
MT Data for UE in RRC-Inactive state with long eDRX.
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Figure 6.x.3.2-1: MT data for UE is in RRC-Inactive with long eDRX
0. UE is in RRC-Inactive/CM-Connected state configured by the RAN node to apply long eDRX in RRC-Inactive.
NOTE 1: The eDRX value could be either the value received by the AMF during the registration or a different eDRX value configured by RAN when the UE is released to RRC-Inactive.
1.
MT Data for the UE is forwarded to the RAN node. 

2.
The RAN node determines when the UE will become reachable next time according to the eDRX scheme. The RAN may decide to buffer the DL data until next PTW, then the RAN will page the UE and deliver the DL data to the UE according to step 5. 
3.
If the RAN node determines that it is not able to buffer the MT data for the remaining eDRX cycle, it indicates failure to page the UE.
NOTE 2: The N2 message used to deliver the failure could be the UE Context Release Request message which RAN use to notify the AMF of RAN paging failure. The message may need to be extended. TSG RAN3 is responsible for N2 messages and their format.
4.
The AMF releases the UE context and moves the UE to CM-Idle state. RAN drops the MT data after receiving the UE Context Release message. The AMF may escalate the paging to wider area. If the AMF is able to page the UE, then the AMF triggers data forwarding from the old RAN node to the new RAN node instead of sending the UE Context Release message to the old RAN node.
NOTE 3: The AMF may use the eDRX value stored in the MM UE context to determine when the UE becomes reachable again. Data forwarding between two RAN nodes could reuse steps used for N2 based handover in TS 23.502 clause 4.9.1.3.
Editors’ Note: The paging escalation is an alternative or a complement to the new gNB requesting assistance to retrieve the buffered data in 6.x.3.3. It is FFS if any changes are needed to the N2 message sent in step 3. Furthermore, to make efficient use of this alternative it would be good if the N2 message in step 3 is sent while there are POs remaining in the PTW.
5.
RAN pages the UE and delivers the DL data.

6.x.3.3
Procedure how to handle UE mobility outside the RNA.

[image: image3.emf]UE AMF

Old 

RAN

UPF SMF

0. UE is in RRC-Inactive 

state with long eDRX

0. UE is in CM 

Connected  mode

1. Data

3. UE Context Retrive Request

4. AMF assists to retrieve the UE 

context

5. UE Context Retrieval Request

New 

RAN

2. RNA Update

8. New RAN node delivers the DL data and releases the UE with new RNA configuration and performs path switch

6. UE Context

7. Direct or Indirect data forwarding of the buffered data in the old RAN to the new RAN node.

4a. Failure

4a. Reject RNA Update


Figure 6.x.3.3-1: Procedure for handling UE mobility outside the RNA
0. UE is in RRC-Inactive/CM-Connected state configured by the RAN node to apply long eDRX in RRC-Inactive.
NOTE: The eDRX value could be either the value received by the AMF during the registration or a different eDRX value configured by RAN when the UE is released to RRC-Inactive.
1.
MT Data to the UE is forwarded to the old RAN node. 

2.
The UE detects that it is outside the configured RNA and send an RNA Update due to mobility to the new RAN node. 
3.
If the new RAN is not able to retrieve the UE context from the old RAN node e.g. due to lack of Xn interface, then the new RAN node will send a N2 message requesting assistance from the AMF to retrieve the UE context.
4.
The AMF, based on the received UE temporary (i.e. I-RNTI which includes the ID of the old RAN node), tries to retrieve the UE context from the old RAN node. If the AMF is not able to retrieve the UE context, then the AMF responds to the new RAN node with a failure to do so. Based on this failure the new RAN node will reject the RNA Update due to mobility.
5.
The AMF request to retrieve the UE context from the old RAN node.
6.
The Old RAN node forwards the UE context as a transparent container to the AMF and then the AMF forwards the UE context to the old RAN node

7. 
If the old RAN indicated to the AMF that the RAN has buffered data to the UE, then the AMF triggers data forwarding between the old RAN node and the new RAN node.

NOTE: It is proposed to reuse data forward principle/procedure from N2 based handover as specified in TS 23.502 [y] clause 4.9.1.3.

8. If the new RAN node received DL data, the new RAN node delivers the data to the UE before releasing the UE with new RNA configuration. The new RAN node also performs path switch procedure according to TS 23.502 [y] clause 4.9.1.2.2.
6.x.4
Impacts on services, entities and interfaces


UE: 
· Support eDRX and PTW in RRC-Inactive, i.e. new RRC-Release configuration for RRC-Inactive.
gNB:
· Support sending failure indication to the AMF for UE unavailability due to long eDRX in RRC-Inactive.
· Support extended buffering of MT data 
· Support CN assisted AS UE context retrieval and data forwarding.
AMF:
-
Support the indication of UE unavailability due to long eDRX in RRC-Inactive.
· -
Support CN assisted AS UE context retrieval and data forwarding.
* * * End of changes * * * 

�Moved up


�Is this NOTE needed?





As the RAN configures the UE before the UE is released to RRC-Inactive, the normal casew would be that RAN is able to buffer the data until UE is reachable again.





The UE context release is already captured in the bullet.


�Don’t think this is needed, this should be clear from the bullets above.





3GPP

SA WG2 TD


UE
AMF
RAN
UPF
SMF
0. UE is in RRC-Inactive state with long eDRX
0. UE is in CM Connected  mode
2. RAN determins when the UE is reachable
1. MT NAS message
3. Failure
4. AMF Releases the UE context and moves to CM-IDLE
5. MT NAS message
4a. UE Context Release
6. RAN pages the UE and delivers the MT NAS message
Opional if UE is not reachable



UE
AMF
RAN
UPF
SMF
0. UE is in RRC-Inactive state with long eDRX
0. UE is in CM Connected  mode
2. RAN determins when the UE is reachable
1. Data
3. Failure
4. AMF releases the UE context and moves to CM-IDLE
4a. UE Context Release
5. RAN pages the UE and delivers the DL data
Opional if UE is not reachable



UE
AMF
Old RAN
UPF
SMF
0. UE is in RRC-Inactive state with long eDRX
0. UE is in CM Connected  mode
1. Data
3. UE Context Retrive Request
4. AMF assists to retrieve the UE context
5. UE Context Retrieval Request
New RAN
2. RNA Update
8. New RAN node delivers the DL data and releases the UE with new RNA configuration and performs path switch
6. UE Context
7. Direct or Indirect data forwarding of the buffered data in the old RAN to the new RAN node.
4a. Failure
4a. Reject RNA Update



