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Abstract of the contribution: This document explains (as response to documents S2-178767 & S2-178768)
that Modify Bearer Request in step 15 of clause 5.3.3.1A Tracking Area Update procedure with Serving GW change and data forwarding in TS23.401 will not be sent to PGW by SGW according to the current specification therefore any additional mechanism to prevent SGW from sending Modify Bearer Request after step 15 is not needed.
1. Introduction 

In SA2#123 meeting, S2-177931 proposed to add a new parameter in Modify Bearer Request (from MME to SGW to set up the data forwarding tunnel) in step 15 of clause 5.3.3.1A Tracking Area Update procedure with Serving GW change and data forwarding to inform the SGW that it must not forward the Modify Bearer Request to the PGW. 
However, our understanding that Modify Bearer Request in step 15 of clause 5.3.3.1A will not be forwarded by the SGW to the PGW as none of forwarding conditions can be met according to the current specification. An investigation is provided in the following chapters.
2. Discussion

2.1 Concerned Scenario
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2.2 Conditions for SGW to send Modify Bearer Request to PGW upon reception of Modify Bearer Request from MME
Reference: clause 5.3.4.1
UE triggered Service Request
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Figure 5.3.4.1-1: UE triggered Service Request procedure

8.
The MME sends a Modify Bearer Request message (eNodeB address, S1 TEID(s) (DL) for the accepted EPS bearers, Delay Downlink Packet Notification Request, RAT Type, MO Exception data counter) per PDN connection to the Serving GW. If the Serving GW supports Modify Access Bearers Request procedure and if there is no need for the Serving GW to send the signalling to the PDN GW, the MME may send Modify Access Bearers Request (eNodeB address(es) and TEIDs for downlink user plane for the accepted EPS bearers, Delay Downlink Packet Notification Request) per UE to the Serving GW to optimize the signalling. The Serving GW is now able to transmit downlink data towards the UE. The usage of the Delay Downlink Packet Notification Request Information Element is specified in clause 5.3.4.2 below. If the PDN GW requested UE's location and/or User CSG information and the UE's location and/or User CSG information has changed, the MME also includes the User Location Information IE and/or User CSG Information IE in this message. If ISR is activated or if the Serving Network IE has changed compared to the last reported Serving Network IE then the MME also includes the Serving Network IE in this message. If the UE Time Zone has changed compared to the last reported UE Time Zone then the MME shall include the UE Time Zone IE in this message. If the internal flag Pending Network Initiated PDN Connection Signalling is set, the MME indicates UE available for end to end signalling in the Modify Bearer Request message and reset the flag.


The MME only includes the MO Exception data counter if the RRC establishment cause is set to "MO exception data" and the UE is accessing via the NB-IoT RAT. The MME maintains the MO Exception Data Counter for Serving PLMN Rate Control purposes (see clause 4.7.7.2). The MME may immediately send the MO Exception Data Counter to the Serving GW. Alternatively, in order to reduce signalling, the MME may send the MO Exception Data Counter to the Serving GW as described in TS 29.274 [43].


The MME and the Serving GW clears the DL Data Buffer Expiration Time in their UE contexts if it was set, to remember that any DL data buffered for a UE using power saving functions has been delivered and to avoid any unnecessary user plane setup in conjunction with a later TAU.


If a default EPS bearer is not accepted by the eNodeB, all the EPS bearers associated to that default bearer shall be treated as non-accepted bearers. The MME releases the non-accepted bearers by triggering the bearer release procedure as specified in clause 5.4.4.2. If the Serving GW receives a DL packet for a non-accepted bearer, the Serving GW drops the DL packet and does not send a Downlink Data Notification to the MME.

9.
If the RAT Type has changed compared to the last reported RAT Type or if the UE's Location and/or Info IEs and/or UE Time Zone and/or if ISR is not activated and Serving Network id and/or the indication UE available for end to end signalling are present in step 8, the Serving GW shall send the Modify Bearer Request message (RAT Type, MO Exception data counter) per PDN connection to the PDN GW. User Location Information IE and/or User CSG Information IE and/or Serving Network IE and/or UE Time Zone and/or the indication UE available for end to end signalling are also included if they are present in step 8.


If the Modify Bearer Request message is not sent because of above reasons and the PDN GW charging is paused, then the SGW shall send a Modify Bearer Request message with PDN Charging Pause Stop Indication to inform the PDN GW that the charging is no longer paused. Other IEs are not included in this message.


If the Modify Bearer Request message is not sent because of above reasons but the MME indicated the MO Exception data counter, then the Serving Gateway should notify the PDN GW that this RRC establishment cause has been used by the MO Exception Data Counter (see TS 29.274 [43]). The Serving GW indicates each use of this RRC establishment cause by the related counter on its CDR.

Observation-1 MME decides what IEs (e.g. RAT type, ULI) shall be included in Modify Bearer Request sent to the SGW. 

Observation-2 Upon reception of Modify Bearer Request from MME, the Serving GW initiates sending of Modify Bearer Request to the PDN GW when any of the following conditions is/are met:

(1) MME includes any of the following IEs 
RAT type and changed
User Location Information 
Time Zone 
Serving Network 
Indication of UE available (introduced S2-152534 for eDRX in SA2#110)
MO Exception data counter
(2) Serving GW has once paused/stopped PDN GW charging. 
2.3 SGW NOT invoking the procedure PDN GW Pause of Charging for UEs in Power Saving State

 Reference: clause 5.3.4.3
Network Triggered Service Request
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Figure 5.3.4.3-1: Network triggered Service Request procedure

….
2. The Serving GW sends a Downlink Data Notification message….

…

An MME and an SGSN that detects that the UE is in a power saving state (e.g. Power Saving Mode or extended idle mode DRX) and cannot be reached by paging at the moment, shall invoke extended buffering depending on operator configuration, except for cases described in next paragraphs. MME/SGSN derives the expected time before radio bearers can be established to the UE. The MME/SGSN then indicates DL Buffering Requested to the Serving GW in the Downlink Data Notification Ack message and includes a DL Buffering Duration time and optionally a DL Buffering Suggested Packet Count. The MME/SGSN stores a new value for the DL Data Buffer Expiration Time in the MM context for the UE based on the DL Buffering Duration time and skips the remaining steps of this procedure. The DL Data Buffer Expiration Time is used for UEs using power saving state and indicates that there are buffered data in the Serving GW and that the user plane setup procedure is needed when the UE makes signalling with the network. When the DL Data Buffer Expiration Time has expired, the MME/SGSN considers no DL data to be buffered and no indications of Buffered DL Data Waiting are sent during context transfers at TAU procedures.
If there is a "Availability after DDN Failure" monitoring event configured for the UE in the MME/SGSN, the MME/SGSN does not invoke extended buffering. Instead, the MME/SGSN sets the Notify-on-available-after-DDN-failure flag to remember to send an "Availability after DDN Failure" notification when the UE becomes available. If there is a "UE Reachability" monitoring event configured for the UE in the MME/SGSN, the MME/SGSN should not need to invoke extended buffering.
…

5.   When UE is in the ECM-IDLE state, upon reception of paging indication in E-UTRAN access, the UE initiates the UE triggered Service Request procedure (clause 5.3.4.1) or, if the UE is enabled to use User Plane CIoT EPS Optimization and there is suspended access stratum context stored in the UE, the UE initiates the Connection Resume procedure (clause 5.3.5A). If the MME already has a signalling connection over S1-MME towards the UE but the S1-U tunnel has not yet been established, then the messages sequence performed start from the step when MME establishes the bearer(s).
…
… The Serving GW may invoke the procedure PDN GW Pause of Charging (clause 5.3.6A) if UE is in ECM IDLE and the PDN GW has enabled "PDN charging pause" feature.      
Observation-3 When UE is power saving state, SGW doesn’t invoke the procedure PDN GW Pause of Charging.
Observation-4 SGW may invoke the procedure PDN GW Pause of Charging if UE is in ECM IDLE and the UE is paged.
2.4 Procedure PDN GW Pause of Charging intended for scenario that substantial amount of downlink data get dropped when an IDLE UE is being paged
 Reference: CR SP-130669 PGW and SGW Charging alignment in downlink
	Reason for change:  
	When there is downlink data and the UE is in ECM-IDLE state the SGW will be not charging for data while the PGW will be charging for data. No data is being sent over the radio link. Hence, the CDRs in SGW and PGW may be different.

	
	

	Summary of change: 
	When the SGW determines that there has been substantial amount of downlink dropped user plane while UE is in ECM-IDLE the SGW will inform the PGW that the PGW charging needs to be paused.  …. 




Observation-5 PDN GW Pause of Charging is intended for scenario that substantial amount of downlink data get dropped when an IDLE UE is being paged.
2.5 NO conditions met for SGW to initiate sending of Modify Bearer Request to PGW after step 15 of Clause 5.3.3.1A

Reference:  clause 5.3.3.1A Tracking Area Update procedure with Serving GW change and data forwarding
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Figure 5.3.3.1A-1: Tracking Area Update procedure with Serving GW change and data forwarding

NOTE:
The procedure steps (A) and (B) are defined in clause 5.3.3.1. Step 5 in the figure above has compared to clause 5.3.3.1 one additional parameter which is described below.

4.
The timer started by the old S4 SGSN or MME in step 4 (as in clause 5.3.3.1), shall be set with a value long enough to ensure that the buffered data in the old Serving GW can be forwarded before the old Serving GW resource is released.  

5.
DL data is being buffered in the old Serving GW and the DL Data Expiration Time has not expired, therefore the old MME/old S4-SGSN indicates Buffered DL Data Waiting in the Context Response. This triggers the new MME to setup the user plane and invoke data forwarding. For Control Plane CIoT EPS optimisation, if the DL data is buffered in the old Serving GW, and when the Buffered DL Data Waiting is indicated, the new MME shall setup the S11 user plane with the new Serving GW and invoke data forwarding. If the DL data is buffered in the old MME and the DL Data Expiration Time has not expired, the old MME shall discard the buffered DL data.

11-12.
The user plane is setup. These procedure steps are defined in clause 5.3.4.1, steps 4-7 and steps 8-12 respectively in the UE Triggered Service Request procedure.


For Control Plane CIoT EPS optimisation, steps 11 and 12 are skipped.

13.
Since it was indicated in step 5 that buffered DL data is waiting, the new MME sets up forwarding parameters by sending Create Indirect Data Forwarding Tunnel Request (target eNodeB addresses and TEIDs for forwarding) to the Serving GW. The Serving GW sends a Create Indirect Data Forwarding Tunnel Response (target Serving GW addresses and TEIDs for forwarding) to the target MME. For Control Plane CIoT EPS optimisation, the new MME sets up forwarding parameters by sending Create Indirect Data Forwarding Tunnel Request (target MME address and TEID for forwarding) to the Serving GW. Upon receipt of the Create Indirect Data Forwarding Tunnel Response message the new MME starts a timer for release of resources if resources for indirect forwarding were allocated in the new S-GW.


Indirect forwarding may be performed via a Serving GW which is different from the Serving GW used as the anchor point for the UE.

14.
This procedure step is defined in clause 5.3.3.1, step 7. In addition the new MME includes the F-TEID where buffered DL data should be forwarded and a Forwarding indication in the Context Acknowledge message. The F-TEID is the F-TEID for the indirect forwarding received from step 13 or it may be the F-TEID of the eNB (when eNB supports forwarding).

15.
A Modify Bearer Request( F-TEID ) is sent to the old Serving GW. The F-TEID is the Forwarding F-TEID where the buffered DL data shall be forwarded.
16.
The old Serving GW forwards its buffered data towards the received F-TEID in step 15. The buffered DL data is sent to the UE over the radio bearers established in step 11. For Control Plane CIoT EPS optimisation, the buffered DL data is sent to the new MME from the new Serving GW and is sent to the UE as described in steps 12-14 of clause 5.3.4B.3.

17-18.
As steps 15-16, 18-19 in clause 5.3.3.1.

19.
If indirect forwarding was used, then the expiry of the timer at the new MME started at step 13 triggers the new MME to send a Delete Indirect Data Forwarding Tunnel Request message to the new S-GW to release temporary resources used for indirect forwarding that were allocated at step 13.
Observation-6 In step 15 of clause 5.3.3.1A, MME doesn’t include any conditions that can result in SGW sending Modify Bearer Request to PGW. Note that the following info should have been handled by the new MME already in steps 7&8.
RAT type 

User Location Information 
Time Zone

Serving Network

Indication of UE available   
MO Exception data counter
Observation-7 In clause 5.3.3.1A, SGW doesn’t have PGW charging paused as captured in Obervation-2.

Conclusion-1 According to the current spec, upon reception of Modify Bearer Request in step 15 of clause 5.3.3.1A, SGW will not initiate sending Modify Bearer Request to the PGW.  
Conclusion-2 Based on current specification, no new additional parameter is needed in Modify Bearer Request in step 15 of clause 5.3.3.1A. It’s a new requirement to support “Pause of PGW Charging” when extended data buffering is invoked in SGW.
3. Observations, Conclusions and Proposals
3.1 Observations

Observation-1 MME decides what IEs (e.g. RAT type, ULI) shall be included in Modify Bearer Request sent to the SGW. 

Observation-2 Upon reception of Modify Bearer Request from MME, the Serving GW sends Modify Bearer Request to the PDN GW when any of the following conditions is/are met:

(1) MME includes any of the following IEs 

RAT type

User Location Information

Time Zone

Serving Network

Indication of UE available   

MO Exception data counter

(2) Serving GW has once paused/stopped PDN GW charging. 

Observation-3 When UE is power saving state, SGW doesn’t invoke the procedure PDN GW pause of charging.
Observation-4 SGW may invoke the procedure PDN GW Pause of Charging if UE is in ECM IDLE and the UE is paged. 
Observation-5 PDN GW Pause of Charging is intended for scenario that substantial amount of downlink data get dropped when an IDLE UE is being paged.
Observation-6 In clause 5.3.3.1A, MME doesn’t include any conditions that can result in SGW sending Modify Bearer Request to PGW. Note that the following info should have been handled by the new MME already in steps 7&8.

RAT type 

User Location Information 

Time Zone

Serving Network

Indication of UE available   

MO Exception data counter

Observation-7 In clause 5.3.3.1A, SGW doesn’t invoke PGW Pause of Charging procedure as also captured in Obervation-3.

3.2 Conclusions

Conclusion-1 According to the current spec, upon reception of Modify Bearer Request in step 15 of clause 5.3.3.1A, SGW will not initiate sending Modify Bearer Request to the PGW.  
Conclusion-2 Based on current specification, no new additional parameter is needed in Modify Bearer Request in step 15 of clause 5.3.3.1A. It’s a new requirement to support “Pause of PGW Charging” when extended data buffering is involved in SGW.

3.3 Proposal
There may be a few options:

Option-1 Keep the spec as it is
Option-2 Add a NOTE in step 2 of clause 5.3.4.3 Network Triggered Service Request. Proposed text as follows:
NOTE: SGW doesn’t invoke Pause of PGW charging procedure when extended data buffering is involved.

Option-3 Modify the HLCOM feature to support Pause of PGW Charging procedure when extended data buffering is invoked in SGW, and this is a new requirement to be justified.
3GPP
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