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Abstract of the contribution:

This contribution discusses a harmless UPCON mitigation solution by relocating S-GW to the one whose S1-U to the eNB is uncongested when the current S1-U interface is congested, which will not reduce the AMBR for all the UEs which has on-going sessions on the congested S1-U.
1. Introduction

As stated in Clause 4.1 of TR22.805, when the user plane data volume of all the UEs being served by Cells A, B and C totals more than the actual capacity of the 3GPP RAN to EPC interface, there will be a potential impact on all the UEs involved. This may lead to excessive data rate reduction or service denial. Even though each cell may have the necessary capacity to support the UEs it is serving, the capacity of the 3GPP RAN to EPC interface has an impact on each UE and may in the worst case actually prevent UEs from being offered any capacity at all. This is illustrated in Figure 1-1.
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Figure 1-1 - User plane congestion due to 3GPP RAN
to EPC interface capacity limitation (example capacities)

In the case of LTE, there are usually several S-GW candidates serving each eNB, MME selects a proper S-GW to serve a UE. The detailed description for S-GW selection function is in clause 4.3.8.2 of TS 23.401. 
When the S1-U interface between an eNB and an S-GW serving several UEs is congested, there should be other available S1-U interfaces from this eNB to other available S-GWs, thus network can offload some congested traffic from the congested S1-U to another uncongested S1-U by relocating S-GW only.
This paper addresses the Key Issue #1 described in clause 5.1 of TR 23.705.
2. Discussion
2.1 Solution#1: S1-U Congestion Mitigation by Relocating S-GW Only
This solution has no impact on the architecture reference model defined in TS 23.401. 
When the network is aware of the S1-U congestion, it decides to mitigate the UPCON situation by switching S1-U interface for a bunch of selected UEs (e.g. randomly, based on operator policy and/or subscriber profiles, etc.) to an uncongested one.

SIPTO defined in TS 23.401 provides a mechanism to reselect a set of GWs (S-GW and P-GW) that is geographically/topologically close to a UE's point of attachment. But SIPTO was mainly designed for relocating P-GW or relocating S-GW and P-GW together. In order to relocate S-GW only with anchoring the P-GW, enhancement to GTP-C (add a new value of “S1-U congestion mitigation” for the IE of Indication Flags used in GTP-Cv2 messages) is needed to accommodate S1-U interface congestion situation.
Since P-GW is still anchored, IP address(es) allocated to UE will not be changed, session continuity is guaranteed.

For the UE which has active session on the congested S1-U, either eNB or MME can initiate the S-GW relocation procedure when one S1-U is congested and other available S1-U is uncongested to that eNB. Clauses 2.1.1 and 2.1.2 describe the eNB and MME initiated S-GW relocation procedure respectively.

For the UE which does X2 based handover to the eNB which has congested S1-U to the S-GW, MME will decide to relocate the S-GW to the one whose S1-U to the target eNB is uncongested. Current procedures defined in clause 5.5.1.1 of TS 23.401 can be reused.
For the UE which does S1 based handover, target MME will decide to select the S-GW whose S1-U to the target eNB is uncongested. Current procedures defined in clause 5.5.1.2 of TS 23.401 can be reused.
During the Service Request (UE triggered and network triggered) procedure, MME will select the S-GW whose S1-U to the serving eNB is uncongested. Current procedures defined in clause 5.3.4 of TS 23.401 can be reused.
During the Inter-RAT handover procedure (both UTRAN and GERAN to E-UTRAN), the target MME will select the S-GW whose S1-U to the target eNB is uncongested. Current procedures defined in clause 5.5.2 of TS 23.401 can be reused.
2.1.1 The eNB Initiated S-GW Relocation Procedure
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Figure 2.1-1: eNB Initiated S-GW Relocation

1. The eNB is aware of the S1-U congestion and decides to mitigate the congestion situation by switching S1-U to a different S-GW whose S1-U to eNB is uncongested for a bunch of selected UEs based on operator policies and/or subscriber’s profiles.

2. The eNB selects an S-GW whose S1-U to it is uncongested, sends a Path Switch Request message to MME for selected UEs, following IEs are included.

> Indication of S1-U congestion mitigation;
> Target S-GW address (F-TEID format) for Control Plane;
> Affected UEs’ EPS Bearer contexts.
3. MME stores the related information, selects an S-GW whose S1-U interface to the eNB is un-congested based on eNB notification and/or its knowledge, and then sends a Create Session Request message to the selected Target S-GW for selected UEs, following IEs are included. 
NOTE: For each PDN connection, the previous P-GW S5/S8 address for Control Plane or PMIP won’t be changed by MME.

> Indication of S1-U congestion mitigation;

> Affected UEs’ EPS Bearer contexts.
4. The Target S-GW stores the related information, creates the relative EPS Bearer contexts, combines the request towards the same P-GW and sends a Modify Bearer Request message to each related P-GW respectively. Following IEs are included. 
NOTE: The number of this message sent out by Target S-GW is dependent on the number of P-GWs indicated in the Modify Bearer Request message.

> Indication of S1-U congestion mitigation;

> Affected UEs’ EPS Bearer contexts.
After this step, the downlink data for the switched UEs will go through the Target S-GW.

5. The relative P-GW stores the related information, modifies the relative EPS Bearer contexts for each PDN connection of selected UEs, and responds with a Modify Bearer Response message to the Target S-GW. Affected UEs’ EPS Bearer contexts are included.

6. Target S-GW stores the related information, replies with a Create Session Response to MME. Affected UEs’ EPS Bearer contexts are included.

7. MME stores the related information, responds with a Path Switch Request Ack message to eNB. Affected UEs’ EPS Bearer contexts are included. The eNB modifies the affected UEs’ EPS Bearer contexts after receiving this message.

After this step, the uplink data for the switched UEs will go through the Target S-GW.

8. MME sends a Delete Session Request message to source S-GW to remove the affected UEs’ EPS Bearer contexts. Affected UEs’ EPS Bearer contexts are included.

9. Source S-GW deletes the affected UEs’ EPS Bearer context and responds with a Delete Session Response message to MME.
2.1.2 MME Initiated S-GW Relocation Procedure
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Figure 2.1-2: MME Initiated S-GW Relocation
1. The MME is aware of the S1-U congestion and decides to mitigate the congestion situation by switching S1-U to an S-GW whose S1-U to this eNB is uncongested for selected UEs based on operator policies and/or subscriber’s profiles.

2. The MME sends an E-RAB Modify Request message to the eNB for selected UEs. Following IEs are included.

> Indication of S1-U congestion mitigation;

> MME S1-MME address (F-TEID format);

For each impacted UE:

>> MME UE S1AP ID

>> eNB UE S1AP ID.
3. The eNB selects an S-GW whose S1-U to it is uncongested, responds with an E-RAB Modify Response message to MME for selected UEs, following IEs are included.

> Indication of S1-U congestion mitigation;
> Target S-GW address (F-TEID format) for Control Plane;
> Affected UEs’ EPS Bearer contexts.
4. MME stores the related information, selects an S-GW whose S1-U interface to the eNB is un-congested, and then sends a Create Session Request message to the selected Target S-GW for selected UEs, following IEs are included. 
NOTE: For each PDN connection, the previous P-GW S5/S8 address for Control Plane or PMIP won’t be changed by MME.

> Indication of S1-U congestion mitigation;
> Affected UEs’ EPS Bearer contexts.
5. The Target S-GW stores the related information, creates the relative EPS Bearer contexts combines the request towards the same P-GW and sends a Modify Bearer Request message to each P-GW respectively. Following IEs are included. 
NOTE: The number of this message sent out by Target S-GW is dependent on the number of P-GWs indicated in the Modify Bearer Request message.

> Indication of S1-U congestion mitigation;
> Affected UEs’ EPS Bearer contexts.
After this step, the downlink data for the switched UEs will go through the Target S-GW.

6. The relative P-GW stores the related information, modifies the relative EPS Bearer contexts for each PDN connection of selected UEs, and responds with a Modify Bearer Response message to the Target S-GW. Affected UEs’ EPS Bearer contexts are included.

7. Target S-GW stores the related information, replies with a Create Session Response to MME. Affected UEs’ EPS Bearer contexts are included.

8. MME stores the related information, responds with a E-RAB Modify Response Ack message to eNB. Affected UEs’ EPS Bearer contexts are included. The eNB modifies the affected UEs’ EPS Bearer information after receiving this message.

After this step, the uplink data for the switched UEs will go through the Target S-GW.

9. MME sends a Delete Session Request message to source S-GW to remove the affected UEs’ EPS Bearer contexts. Affected UEs’ EPS Bearer contexts are included.

10. Source S-GW deletes the affected UEs’ EPS Bearer contexts and responds with a Delete Session Response message to MME.

2.2 Impact on existing entities and interfaces
2.2.1 Impact on S5/S8

Need to define a new value (S1-U congestion mitigation) for the IE of Indication Flags used in GTP-C v2 messages for S5/S8.

The GTP-C v2 messages on this interface need to be enhanced to carry multiple UEs’ EPS Bearer contexts simultaneously.
2.2.2 Impact on S11

Need to define a new value (S1-U congestion mitigation) for the IE of Indication Flags used in GTP-C v2 messages for S11.

The GTP-C v2 messages on this interface need to be enhanced to carry multiple UEs’ EPS Bearer contexts simultaneously.
2.2.3 Impact on S1-MME

Need to define a new IE (Cause value) to indicate S1-U congestion mitigation and carry target S-GW address (in F-TEID format) for Control Plane in S1-AP messages. Furthermore, for the MME initiated S-GW relocation procedure, an new ACK message needs to be defined for E-RAB Modify Response message. 
The S1-AP messages on this interface need to be enhanced to carry multiple UEs’ EPS Bearer contexts simultaneously.
2.2.4 Impact on eNB

For the eNB initiated S-GW relocation procedure, the eNB needs to be configured with operator policies and/or subscriber profiles on how to select affected UEs and know the dynamic S1-U load information to select uncongested S1-U.

2.2.5 Impact on MME

For the MME initiated S-GW relocation procedure, the MME needs to be configured with operator policies and/or subscriber profiles on how to select affected UEs and know the dynamic S1-U load information to select uncongested S1-U.
2.2.6 Impact on S-GW

Need to support the GTP-C v2 enhancement on S11 and S5/S8.
2.2.7 Impact on P-GW

Need to support the GTP-C v2 enhancement on S5/S8.

2.3 Solution evaluation
When S1-U congestion is encountered on the eNB, this solution proposes a mechanism to offload some traffic to an uncongested S1-U for selected UEs without reducing the AMBR for any UE, It enables operator to utilize their total available S1-U bandwidth capability in a maximum by avoiding negative impact on the active sessions on the congested S1-U.

3. Conclusion

When not all available S1-U interfaces to an eNB are congested, S1-U solution proposed above provides mitigation on S1-U congestion without much impact on 3GPP system.

4. Proposal

Based on the description and analysis above, this paper proposes to capture the aforementioned solution into TR 22.705 as an alternative solution for “Key Issue #1: RAN User Plane congestion mitigation”.
First Change
6.X
Solution X: S1-U Congestion Mitigation by Relocating S-GW Only
6.X.1
General description, assumptions, and principles


This solution addresses the Key Issue #1 described in Clause 5.1.

This solution has no impact on the architecture reference model defined in TS 23.401. 
When the network element (eNB or MME) is aware of the S1-U congestion, it decides to mitigate the S1-U congestion situation by switching S1-U interface for a bunch of selected UEs (e.g. randomly, based on operator policy and/or subscriber profiles, etc.) to an uncongested one.

Since P-GW is still anchored, IP address(es) allocated to UE will not be changed, session continuity is guaranteed.

6.X.2
High-level operation and procedures
For the UE which has active session on the congested S1-U, either eNB or MME can initiate the S-GW relocation procedure when one S1-U is congested and other available S1-U is uncongested to that eNB. Clauses 6.X.2.1 and 6.X.2.2 describe the eNB and MME initiated S-GW relocation procedure respectively.
For the UE which does X2 based handover to the eNB which has congested S1-U to the S-GW, MME will decide to relocate the S-GW to the one whose S1-U to the target eNB is uncongested. Current procedures defined in clause 5.5.1.1 of TS 23.401 can be reused.

For the UE which does S1 based handover, target MME will decide to select the S-GW whose S1-U to the target eNB is uncongested. Current procedures defined in clause 5.5.1.2 of TS 23.401 can be reused.

During the Service Request (UE triggered and network triggered) procedure, MME will select the S-GW whose S1-U to the serving eNB is uncongested. Current procedures defined in clause 5.3.4 of TS 23.401 can be reused.

During the Inter-RAT handover procedure (both UTRAN and GERAN to E-UTRAN), the target MME will select the S-GW whose S1-U to the target eNB is uncongested. Current procedures defined in clause 5.5.2 of TS 23.401 can be reused.

6.X.2.1 The eNB Initiated S-GW Relocation Procedure
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Figure 6.X.2-1: eNB Initiated S-GW Relocation

1. The eNB is aware of the S1-U congestion and decides to mitigate the congestion situation by switching S1-U to a different S-GW whose S1-U to eNB is uncongested for a bunch of selected UEs based on operator policies and/or subscriber’s profiles.

2. The eNB selects an S-GW whose S1-U to it is uncongested, sends a Path Switch Request message to MME for selected UEs, following IEs are included.

> Indication of S1-U congestion mitigation;
> Target S-GW address (F-TEID format) for Control Plane;
> Affected UEs’ EPS Bearer contexts.
3. MME stores the related information, selects an S-GW whose S1-U interface to the eNB is un-congested based on eNB notification and/or its knowledge, and then sends a Create Session Request message to the selected Target S-GW for selected UEs, following IEs are included. 
NOTE: For each PDN connection, the previous P-GW S5/S8 address for Control Plane or PMIP won’t be changed by MME.

> Indication of S1-U congestion mitigation;

> Affected UEs’ EPS Bearer contexts.
4. The Target S-GW stores the related information, creates the relative EPS Bearer contexts, combines the request towards the same P-GW and sends a Modify Bearer Request message to each related P-GW respectively. Following IEs are included. 
NOTE: The number of this message sent out by Target S-GW is dependent on the number of P-GWs indicated in the Modify Bearer Request message.

> Indication of S1-U congestion mitigation;

> Affected UEs’ EPS Bearer contexts.
After this step, the downlink data for the switched UEs will go through the Target S-GW.

5. The relative P-GW stores the related information, modifies the relative EPS Bearer contexts for each PDN connection of selected UEs, and responds with a Modify Bearer Response message to the Target S-GW. Affected UEs’ EPS Bearer contexts are included.

6. Target S-GW stores the related information, replies with a Create Session Response to MME. Affected UEs’ EPS Bearer contexts are included.

7. MME stores the related information, responds with a Path Switch Request Ack message to eNB. Affected UEs’ EPS Bearer contexts are included. The eNB modifies the affected UEs’ EPS Bearer contexts after receiving this message.

After this step, the uplink data for the switched UEs will go through the Target S-GW.

8. MME sends a Delete Session Request message to source S-GW to remove the affected UEs’ EPS Bearer contexts. Affected UEs’ EPS Bearer contexts are included.

9. Source S-GW deletes the affected UEs’ EPS Bearer context and responds with a Delete Session Response message to MME.
6.X.2.2 MME Initiated S-GW Relocation Procedure
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Figure 6.X.2-2: MME Initiated S-GW Relocation
1. The MME is aware of the S1-U congestion and decides to mitigate the congestion situation by switching S1-U to an S-GW whose S1-U to this eNB is uncongested for selected UEs based on operator policies and/or subscriber’s profiles.

2. The MME sends an E-RAB Modify Request message to the eNB for selected UEs. Following IEs are included.

> Indication of S1-U congestion mitigation;

> MME S1-MME address (F-TEID format);

For each impacted UE:
>> MME UE S1AP ID

>> eNB UE S1AP ID.
3. The eNB selects an S-GW whose S1-U to it is uncongested, responds with an E-RAB Modify Response message to MME for selected UEs, following IEs are included.

> Indication of S1-U congestion mitigation;
> Target S-GW address (F-TEID format) for Control Plane;
> Affected UEs’ EPS Bearer contexts.
4. MME stores the related information, selects an S-GW whose S1-U interface to the eNB is un-congested, and then sends a Create Session Request message to the selected Target S-GW for selected UEs, following IEs are included. 
NOTE: For each PDN connection, the previous P-GW S5/S8 address for Control Plane or PMIP won’t be changed by MME.

> Indication of S1-U congestion mitigation;
> Affected UEs’ EPS Bearer contexts.

5. The Target S-GW stores the related information, creates the relative EPS Bearer contexts combines the request towards the same P-GW and sends a Modify Bearer Request message to each P-GW respectively. Following IEs are included. 
NOTE: The number of this message sent out by Target S-GW is dependent on the number of P-GWs indicated in the Modify Bearer Request message.

> Indication of S1-U congestion mitigation;
> Affected UEs’ EPS Bearer contexts.
After this step, the downlink data for the switched UEs will go through the Target S-GW.

6. The relative P-GW stores the related information, modifies the relative EPS Bearer contexts for each PDN connection of selected UEs, and responds with a Modify Bearer Response message to the Target S-GW. Affected UEs’ EPS Bearer contexts are included.

7. Target S-GW stores the related information, replies with a Create Session Response to MME. Affected UEs’ EPS Bearer contexts are included.

8. MME stores the related information, responds with a E-RAB Modify Response Ack message to eNB. Affected UEs’ EPS Bearer contexts are included. The eNB modifies the affected UEs’ EPS Bearer information after receiving this message.

After this step, the uplink data for the switched UEs will go through the Target S-GW.

9. MME sends a Delete Session Request message to source S-GW to remove the affected UEs’ EPS Bearer contexts. Affected UEs’ EPS Bearer contexts are included.

10. Source S-GW deletes the affected UEs’ EPS Bearer contexts and responds with a Delete Session Response message to MME.
6.X.3
Impact on existing entities and interfaces
6.X.3.1 Impact on S5/S8

Need to define a new value (S1-U congestion mitigation) for the IE of Indication Flags used in GTP-C v2 messages for S5/S8.
The GTP-C v2 messages on this interface need to be enhanced to carry multiple UEs’ EPS Bearer contexts simultaneously.
6.X.3.2 Impact on S11

Need to define a new value (S1-U congestion mitigation) for the IE of Indication Flags used in GTP-C v2 messages for S11.
The GTP-C v2 messages on this interface need to be enhanced to carry multiple UEs’ EPS Bearer contexts simultaneously.
6.X.3.3 Impact on S1-MME

Need to define a new IE (Cause value) to indicate S1-U congestion mitigation and carry target S-GW address (in F-TEID format) for Control Plane in S1-AP messages. Furthermore, for the MME initiated S-GW relocation procedure, an new ACK message needs to be defined for E-RAB Modify Response message. 
The S1-AP messages on this interface need to be enhanced to carry multiple UEs’ EPS Bearer contexts simultaneously.
6.X.3.4 Impact on eNB

For the eNB initiated S-GW relocation procedure, the eNB needs to be configured with operator policies and/or subscriber profiles on how to select affected UEs and know the dynamic S1-U load information to select uncongested S1-U.
6.X.3.5 Impact on MME

For the MME initiated S-GW relocation procedure, the MME needs to be configured with operator policies and/or subscriber profiles on how to select affected UEs and know the dynamic S1-U load information to select uncongested S1-U.
6.X.3.6 Impact on S-GW

Need to support the GTP-C v2 enhancement on S11 and S5/S8.
6.X.3.7 Impact on P-GW

Need to support the GTP-C v2 enhancement on S5/S8.
6.X.4
Solution evaluation
When S1-U congestion is encountered on the eNB, this solution proposes a mechanism to offload some traffic to an uncongested S1-U for selected UEs without reducing the AMBR for any UE, It enables operator to utilize their total available S1-U bandwidth capability in a maximum by avoiding negative impact on the active sessions on the congested S1-U.
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