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Introduction

This paper for information is an edit of Ericsson’s paper in S2-175381 with our comments revision marked
1. Standalone periodic RAN reporting
RAN volume reporting while UE is in connected mode
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Periodic RAN reporting, new procedure
· The standalone periodic RAN reporting procedure is independent from other procedures.

· In case of a procedure collision, the periodic RAN reporting procedure is terminated to avoid side effects to existing procedures.

- One example of a collision scenario is at S1-release and signaling from eNodeB to MME. The signaling of S1-release has precedence to all other UE-related S1-MME signaling as specified by 3GPP TS 36.413. The effect is that RAN removes the signaling connection which prevents the eNodeB to perform any UE-related signaling such as RAN volume reporting. The result is that standalone periodic RAN reporting fails at S1-release.

- Another example of a collision scenario is handover. When the old core node is no longer serving the UE, the signaling connections and UE context is removed from the old core node. The result is that periodic RAN reporting fails.

Note:  If periodic RAN volume reporting is made aware of a handover event it’s not a standalone procedure.

· The periodic RAN reporting procedure may use existing protocol signaling error handling at an interface, e.g. protocol specific retransmissions, to address temporary errors. 
· Procedure specific RAN reporting replaces periodic RAN reporting at UE procedure collisions.

· Details of procedure specific RAN reporting is individually addressed in later sections of this document.

· Acknowledge signaling is not needed with use of periodic RAN reporting:
- The procedure is only used when there are no procedure collisions, no change in involved nodes and no abnormal cases.
- Abnormal cases are handled by existing error handling in procedures to avoid impact on existing logic.
- The procedure which interfere with periodic RAN reporting handles RAN volume reporting.
- Periodic RAN reporting may make use of interface and protocol specific error handling to mitigate temporary communication errors at a specific interface.
Observation S1: The optional periodic RAN reporting may be used during static conditions.
Static conditions is that the UE remains in RRC-CONNECTED and UE remains served by unchanged nodes eNodeB, MME, S-GW, and P-GW during execution of periodic RAN reporting.

Observation S2: Periodic RAN reporting is interrupted and aborted if the conditions at Observation S1 is not met.

Observation S3: The interrupting procedure (S1-release, X2-handover, etc.) performs RAN volume reporting integrated as part of the interrupting procedure.

Observation S4: There is no need to use acknowledge signaling when periodic RAN reports signalling used (e.g. add delays and complexity of interaction with other procedures).
Observation S5:
Periodic RAN reporting introduces new signaling at interface S1-MME
Observation S6:
Periodic RAN reporting introduces new signaling at interface S11

Observation S7:
Periodic RAN reporting introduces new signaling at interface S5 / S8

We believe that the eNB can send the standalone message in any condition as long as the sending happens when the UE is having a S1-MME connection to the MME that was serving the UE when data transmission reported was occurring. Furthermore, this can be sent at a time when the SGW is not relocated as proposed below. So, condition S1 above is always met regardless of the UE being static or mobile. the PGW is assumed to not change (for avoidance of doubt) whether the UE is mobile or not but if the PGW changes then the sessions is torn down and the bearers all released so the reporting or the PDN connection completes. 
2. RAN volume reporting consideration with existing EPS procedures
1. RAN volume reporting at moving the UE from connected mode to suspended, i.e. Connection Suspend
Illustration from 3GPP TS 23.401 5.3.4A:

[image: image2.emf] 

1 . S1 - AP: UE  Contex t   Suspend Request   (RAN volume report)  

MME  

5 . RRC Connection  Suspend  

UE   eNodeB   Serving GW  

2.  Release Access   Bearer s   Reque st   (RAN volume report)  

3.  Release   Access  Bearer s   Response  

4. S1 - AP: UE Context Suspend   Response  

PDN GW  

3 a. Modify Bearer Request (RAN volume report)  

3 b. Modify Bearer Response  


Figure 5.3.4A-1: eNodeB initiated Connection Suspend procedure
NOKIA: send standalone reporting just before the sending of the S1-AP UE Context Suspend Request. This means the MME can start reporting to SGW BEFORE the release access bearer is performed. Standalone reporting then goes on to PGW with usual conditions applied (see Nokia paper).
· Signaling from eNodeB to MME, and MME to S-GW
· The eNodeB performs step 1 to request MME to suspend the UE and the eNodeB suspends radio use after step 4.
· Adding new signaling at interface S11 to convey the RAN volume count to S-GW is not necessary to get a correct RAN volume count at S-GW.
The eNodeB maintains an AS context including its volume count of user data conveyed over air, and any potential user data sent and received between step 1 and step 5 of the Connection Suspend procedure will be reported as part of the next RAN volume report sent from eNodeB to MME.

Observation P1: The existing signaling of connection suspend is suitable to convey a RAN volume report to MME and further from MME to S-GW.
· Signaling from S-GW to P-GW

· There is normally no signaling S-GW to P-GW at connection suspend, i.e. is not specified for the Connection suspend procedure. To convey a RAN volume report to P-GW require adding new signaling.

Observation P2: Adding new signaling at S5/S8 is suitable to support the optional RAN volume reporting to P-GW at Connection suspend.

2. RAN volume reporting at moving the UE from connected mode to idle mode, i.e. S1-release
Illustration from 3GPP TS 23.401 5.3.5:
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Figure 5.3.5-1: S1 Release Procedure
NOKIA: send standalone reporting just before the sending of the S1-AP UE Context Release Request. This means the MME can start reporting to SGW BEFORE the release access bearer procedure is executed. Standalone reporting then goes on to PGW with usual conditions applied.
1) Signaling from eNodeB to MME
· TS 36.413 specifies that the S1-release procedure has precedence over all other UE-related procedures. Consequently, it’s necessary to perform volume reporting as part of the S1-release procedure itself.
Observation R1: Signaling of the S1 release procedure must be used to convey a RAN volume report at S1-release.
· At both a core-initiated S1-release and a RAN-initiated S1-release there is a final message S1AP UE Context Release Complete sent by RAN to MME. This existing message can be used to perform volume reporting.

· At a RAN-initiated release caused by user inactivity it’s suitable to convey a RAN volume report as part of the S1AP UE Context Release Request sent by RAN to MME. The UE is not active and RAN is moving the UE to RRC-IDLE, i.e. there will be no additional user data to report at the concluding message S1AP UE Context Release Complete.

Observation R2: The existing signaling of the S1 Release procedure is suitable to convey a RAN volume report to MME, either by the message S1AP UE Context Release Request or the message S1AP UE Context Release Complete.
2) Signaling from MME to S-GW

· For the case when MME receives a RAN volume report as part of S1AP UE Context Release Request it’s suitable to use the existing S11 signaling GTPv2 Release Access Bearers to convey a RAN volume report from MME to S-GW.

· For the case when MME receives a RAN volume report as part of S1AP UE Context Release Complete the existing S11 signaling GTPv2 Release Access Bearers is sent before MME receives the S1AP UE Context Release Complete message and is therefore not available to convey a RAN volume report from MME to S-GW. It’s not an option to change the signaling order of the existing S1-release procedure such that MME wait for S1AP UE Context Release Complete to arrive before sending the S11 GTPv2 Release Access Bearers Request message is not an option. 
Delaying the existing signaling GTPv2 Release Access Bearers Request message would cause the S-GW to continue to send DL user data also after radio resources have been removed, i.e. would cause a systematic error of discarded user data. Changing the signaling order would introduce new errors not present with the existing S1-release.

Observation R3: Changing the signaling order of the existing S1-release procedure would introduce a new and systematic network error with end user impact.
Observation R4: Using the existing signaling at S11 is suitable to convey a RAN volume report to S-GW when it’s received via S1AP UE Context Release Request.
Observation R5: Adding new signaling at S11 is suitable to convey a RAN volume report to S-GW when it’s received via S1AP UE Context Release Compete.

3) Signaling from S-GW to P-GW

· There is normally no signaling S-GW to P-GW, i.e. is not specified as part of the S1 Release procedure. To convey a RAN volume report to P-GW require adding new signaling.
Observation R6: Adding new signaling at S5 / S8 is suitable to support the optional RAN volume reporting to P-GW at S1-release.

3. RAN volume reporting at explicit deactivation of bearer
Illustrations from 3GPP TS 23.401 5.4.4.1 and 5.4.4.2:
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Figure 5.4.4.1-1: PDN GW Initiated Bearer Deactivation
NOKIA: send standalone report just before the sending step 6b . this allows providing the SGW the report before the delete bearer response arrives.
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Figure 5.4.4.2-1: MME initiated Dedicated Bearer Deactivation

NOKIA: send standalone report just before the sending of Indication of Bearer Release (if eNB initiates the MME triggered release at step 2) OR Delete bearer response (step 8). 
· Observations C5 and C6 clarifies that RAN volume reporting must be performed before the corresponding bearer is removed from the GW node and related CDRs have been closed. That can be addressed by using the existing signaling of E-RAB release and delete bearer to convey RAN volume reporting.
Observation DB1: The existing signaling of bearer deactivation procedures is suitable to convey a RAN volume report to MME, S-GW and P-GW
4. RAN volume reporting at detach
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Figure 5.3.8.2-1: UE-Initiated Detach Procedure - UE camping on E-UTRAN
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Figure 5.3.8.3-1: MME-Initiated Detach Procedure
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Figure 5.3.8.4-1: HSS-Initiated Detach Procedure

· A UE will stop to use network services at detach.

· RAN has no volume to report if the UE performs detach starting from idle.

· RAN performs RAN volume reporting at an S1-release which changes the UE to idle.
· eNodeB is not aware of when the NAS-related detach procedure is executed

· A solution to address final RAN volume reporting at detach is to perform an MME-initiated S1-release as a response to a detach request received when the UE is connected and then, when applicable, repeat the detach procedure.
A scenario when it’s not applicable to repeat the exact same detach procedure is at UE-initiated detach with power off indication. However, MME may resolve that scenario by using MME-initiated implicit detach.
Observation DP1: There is no RAN volume to report at detach initiated from RRC-IDLE.

Observation DP2: RAN volume reporting at detach can make use of RAN volume reporting at S1-release, i.e. that MME executes S1-release to make the UE idle in case the UE is not already idle, and then perform detach; either triggered by a new detach request from the UE or by performing a network initiated detach procedure execution.
NOKIA: we agree with Ericsson except the release procedure triggers a standalone reporting.
5. RAN volume reporting at X2-handover

Illustrations from 3GPP TS 23.401 5.5.1.1.2 and 5.5.1.1.3:
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Figure 5.5.1.1.2-1: X2-based handover without Serving GW relocation
NOKIA: send standalone report immediately before the old eNB starts forwarding data to the new eNB and at same time as the source eNB forwards the PDCP sequence numbers to target eNB (which also stops UL grants) see step 8 in figure 10.1.2.1.1-1 of TS 36.300[x]). This is the earliest time the Source eNB can send the report to MME and the right time as this will be important in the event of SGW relocation. 
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Figure 5.5.1.1.3-1: X2-based handover with Serving GW relocation
NOKIA: Send standalone report immediately before the old eNB starts forwarding data to the new eNB and at same time as the source eNB forwards the PDCP sequence numbers to target eNB (which also stops UL grants) see step 8 in figure 10.1.2.1.1-1 of TS 36.300[x]). This is the earliest time and this is the right time as the SGW still holds the session context till step 7a.
· From observations C1 and C3 we get that there is a RAN volume report from source eNodeB to source MME and to source S-GW.

· At X2-handover there is never a change of MME and X2-handover can be divided into the handover procedure scenarios:

I. Signaling at handover with no change of S-GW
II. Signaling at handover with a change from a source S-GW to a target S-GW
1) Signaling from eNodeB to MME

· The target eNodeB is waiting for an MME response S1AP Path Switch Request Acknowledge to establish a signaling connection between target eNodeB and MME to enable exchange of NAS messages between UE and MME and a delay has impact on X2-handover with TAU reporting.
· The S1AP Path Switch Request message from target eNodeB may cause MME to invalidate a continued use of the MME S1AP association with the source eNodeB.
Observation X1: The MME is not able to delay S11 signaling to a target S-GW at X2-handover with S-GW change.
Observation X2: The RAN volume report from source eNodeB may be conveyed to MME via the target eNodeB.
Observation X3: The context of a RAN report as part of the S1AP message Path Switch Request enables MME to determine that the RAN volume report is from source eNodeB and not from target eNodeB.

2) Signaling from MME to S-GW

· From observation C1 the RAN volume report shall be sent to the matching S-GW.

· A RAN volume report included as part of S1AP Path Switch Request enables MME to use the existing S11 signaling with S-GW to convey a RAN volume report.

Observation X4: At X2-handover without change of S-GW it’s suitable to use the existing signaling Modify Bearer Request at interface S11 to convey a RAN volume report from MME to S-GW.

· At a change of S-GW, a new target S-GW is registered with the P-GW. MME may use the existing handover signaling at interface S11 to the source S-GW.

Observation X5: At X2-handover with change of S-GW it’s suitable to use the existing signaling Delete Session Request at interface S11 to convey a RAN volume report from MME to source S-GW.

3) Signaling from S-GW to P-GW

· There is in this scenario normally no signaling to the P-GW and new signaling for RAN volume reporting is needed at interface S5/S8.

Observation X6:
At X2-handover without change of S-GW it’s suitable to use the existing but conditional signaling Modify Bearer Request at interface S5 / S8 to support the optional RAN volume reporting to P-GW.
Observation X7: At X2-handover with change of S-GW new signaling is needed at interface S5 / S8 to support the optional RAN volume reporting to P-GW. S-GW

6. RAN volume reporting at other handover procedures besides X2-handover
Illustrations from 3GPP TS 23.401 5.5.1.2.2, 5.5.2.1.3, 5.5.2.3.3, D.3.3, D.3.5, and D.3.7.3:
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Figure 5.5.1.2.2-1: S1-based handover
NOKIA send standalone report when source eNB sends the HO Command issued to the UE in step 9a of clause 5.5.1.2.2, which is right before the eNB would also transfer the PDCP status (same principle of X2 HO). No need to change procedures and add new messages.
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Figure 5.5.2.1.3-1: E-UTRAN to UTRAN Iu mode Inter RAT HO, execution phase
NOKIA: send standalone report at step 2 of figure 5.5.2.1.3-1, i.e.. at the time the eNB issues and HO command to the UE (same as S1 HO) : note: step 2 says : Upon the reception of the HO from E-UTRAN Command message containing the Handover Command message, the UE shall associate its bearer IDs to the respective RABs based on the relation with the NSAPI and shall suspend the uplink transmission of the user plane data.

5.5.2.3.3
Execution phase
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Figure 5.5.2.3.3-1: E-UTRAN to GERAN A/Gb mode Inter RAT HO, execution phase
NOKIA:  Send standalone reporting at  step 2 of figure 5.5.2.3.3-1, i.e.. at the time the eNB issues and HO command to the UE (same as S1 HO) : note Step 2 says: Upon the reception of the HO from E-UTRAN Command message containing the Handover Command message, the UE shall associate its bearer IDs to the respective PFIs based on the relation with the NSAPI and shall suspend the uplink transmission of the user plane data

[image: image14.emf] 

Target  RNC  

Source eNodeB   Old MME  

New  Gn/Gp   SGS N  

P - GW  

3. Forward Relocation Request  

4. Relocation Request  

2. Handover   Required  

8. Handover   Command  

5. Forward Relocation Response  

4. Relocation Request Acknowledge  

12. Relocation Detect  

MS  

13 . RRC message  

1. Decision to perfor m       handover to UTRAN  

MS detected by   target RNC  

Establishment of Radio Access Bearers  

9. Forwarding of data  

14 . Relocation Complete  

15 . Forward Relocation Complete    

16 . Update PDP Context Request  

18b . Release Resources   (RAN volume report)  

16 . Update PDP Context Response  

15 . Forward Relocation Complete Acknowledge  

10. HO from E - UTRAN Command  

  1 7 . Routeing Area Update  

C3  

C2  

Serving  GW  

18 . Delete  Session  Request   (RAN volume report)  

18 a. Delete  Session  Response  

6.  Create Indirect Data Forwarding Tunnel Request  

7.  Create Indirect Data Forwarding Tunnel  Response  

1 8c . Modify Bearer Request (RAN volume report)  

18d . Modify Bearer Response  


Figure D.3.3-1: MME to 3G SGSN combined hard handover and SRNS relocation procedure
NOKIA: send standalone report  at  step 10, i.e.. at the time the eNB issues and HO command to the UE (same as S1 HO) 
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Figure D.3.5-1: Routing Area Update procedure
Is this affected? Really in connected mode this should be part of a HO procedure (already addressed) in idle mode there should be no data to be reported. Proposal, is to not do this.
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Figure D.3.7.3-1: E-UTRAN to GERAN A/Gb mode Inter RAT HO, execution phase

NOKIA: send standalone report at step 2, i.e.. at the time the eNB issues and HO command to the UE (same as S1 HO) 
· From observations C1 and C3 we get that the signaling of RAN volume reports at handover is from source eNodeB to source MME and to source S-GW.

· The continued signaling from MME at all scenarios of handover can be divided into the following four groups of handover procedure scenarios:
I. Signaling at handover with no change of core nodes
II. Signaling at handover with a change from both a source MME and from a source S-GW
III. Signaling at handover with a change from a source S-GW but no change of MME
IV. Signaling at handover with a change from a source MME but no change of S-GW

1) Signaling from eNodeB to MME

· Regardless of handover scenario there is an existing signaling connection from source eNodeB to source MME at end of handover execution and the signaling to release the S1-association at the source eNodeB can be used to convey a concluding RAN volume count from source eNodeB to the MME.
Observation H1: For all four scenarios I, II, III and IV, it’s suitable to use the existing signaling of S1-release between source eNodeB and MME to convey a RAN volume report to the MME.
2) Signaling from MME to S-GW

· At scenario I there is no change of core nodes and the UE remains connected and served by the same MME and the same S-GW.
However, since a RAN volume report is sent late to the MME it’s from a timing perspective not possible to use the existing signaling from MME to S-GW.

Observation H2: At no change of core nodes it’s suitable to add new signaling e.g. Modify Bearer Request at interface S11 to convey a RAN volume report from MME to S-GW.

· At scenario II and III there is a change of S-GW.
From observation C1 the RAN volume report shall be sent to the matching S-GW, i.e. the source S-GW.

· At scenario II and III the source MME sends a Delete Session request to source S-GW to remove local UE resources. The signaling can be used to convey a RAN volume report from source MME to source S-GW.
Observation H3: At handover where the source S-GW is removed, it’s suitable to use the existing signaling Delete Session Request at interface S11 to convey a RAN volume report from a source MME to a source S-GW.

· At scenario IV there is a change of MME but no change of S-GW.
From observation C1 the RAN volume report shall be sent to the matching S-GW, i.e. the source S-GW.
However, the target node, MME or SGSN, becomes registered with the S-GW before source RAN has sent a RAN volume report to the source MME.
- An issue with this signaling sequence is that the S-GW is now associated with the new target MME and should not accept charging related data from a not related MME.
- Another issue is that the S11 control signaling relation between S-GW and the new target MME may be broken by the control signaling from the old source MME.

Observation H4: An issue at handover with change of MME is that the S-GW would have to accept a RAN volume report used for charging, arriving from the source MME after a switch has been made to a target MME.

Observation H5: An issue at handover with change of MME is that the control signaling relation between target MME and S-GW may be impacted by late control signaling from the source MME to the S-GW.

· Observations H4 and H5 has impact on S-GW state handling. A workaround to address Observation H4 and H5 is to configure the network such that there is always a change of S-GW at a change from a source MME.

Observation H6: A signaling issue from late signaling by a source MME to S-GW at change of MME but no change of S-GW may be addressed by a network configuration where a change of MME always causes a change of S-GW.

3) Signaling from S-GW to P-GW

· There is no signaling to the P-GW after the point in time where MME receives a RAN volume report from eNodeB. New signaling is needed at interface S5/S8 to convey a RAN volume report to P-GW.
Observation H7: New signaling is needed at interface S5 / S8 to support the optional RAN volume reporting to P-GW at handover.

Not illustrated as part of this document is RAN volume reporting at IRAT handover to a non-3GPP access.
However, the general reasoning documented in this document for RAN volume reporting at the scenarios of handover from a use of 5G Option 3 to a 3GPP access GERAN / UTRAN,
also applies at handover from 5G Option 3 to a non-3GPP access.

7. RAN volume reporting at E-UTRAN initiated E-RAB modification
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Figure 5.4.7-1: E-UTRAN initiated E-RAB modification procedure

1) Signaling from eNodeB to MME, and MME to S-GW

· The eNodeB performs step 1 to request MME to switch DL S1-U tunnel endpoints.

· The existing signaling at interface S1-MME and S11 of “E-UTRAN initiated E-RAB modification procedure” can be used to convey a RAN volume count to S-GW.

Observation E1: The existing signaling of the procedure E-UTRAN initiated E-RAB modification is suitable to convey a RAN volume report to MME and further from MME to S-GW.
2) Signaling from S-GW to P-GW

· There is normally no signaling S-GW to P-GW specified at a use of E-UTRAN initiated E-RAB modification. To convey a RAN volume report to P-GW require adding new signaling.

Observation E2: Adding new signaling at S5/S8 is suitable to support the optional RAN volume reporting to P-GW at execution of E-UTRAN initiated E-RAB modification.
Conclusion

Overview conclusion from the observations is that:

- It’s advantageous to perform RAN volume reporting integrated with existing procedures to avoid complex error handling at procedure execution collisions.

- Separate intermediate volume reporting is a useful supplement at long lasting UE radio connections
- Separate intermediate volume reporting cannot be used at UE procedure execution collisions.
- There is no source eNodeB interaction specified with MME, and introducing a signaling of a RAN volume report from source eNodeB to MME at X2-handover may cause a signaling interference to X2-handover execution.
The proposed solution to address this is to let the target eNodeB convey a RAN volume report on behalf of the source eNodeB and update the new section 5.7A.2 bullet c) accordingly. 
- A scenario with a use of E-UTRAN initiated E-RAB modification is not covered by the new section 5.7A.2.
The proposed solution is to add a bullet to section 5.7A.2 to state that RAN volume reporting is supported also in the event of E-UTRAN initiated E-RAB modification procedure execution.

Proposal for RAN volume reporting at a use of 5G Option 3, NSA with use of EPC.
Use the Ericsson contribution S2-175380 as base for a RAN volume reporting solution.
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