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Introduction
It was pointed out at SA2#112 that there may be an issue related to the TAI-List handling in the MME (TR 23.714, clause 6.1.1.7). With the separation of user plane functionality from control plane functionality in the SGW/PGW, multiple SGW/PGW user plane function may be controlled by a single SGW/PGW control plane function. Therefore the MME is not aware of what SGW-U is used and will not be able to assess if the TA where the UE is currently entering can be added to the TA List.

The problem is actually more general than just handling the TA List in the MME, and the issue coincides with problem of assessing if the SGW UP needs to be re-allocated at mobility to a new TA. Is the new TA served by the SGW UP currently allocated by the SGW CP or not? The issue is seen in figure 1. When the UE moves from  TA 2 to TA 4, how can the MME  know if the new TA (TA4) is served by the same SGW UP or not, and if TA4 can be added to the TAI List? 
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Figure 1. Un-coordinated SGW user plane resources

In the proposal below we describe a number of solution variants and propose a way forward.

Proposal

It is proposed to update TS 23.714 as follows:

* * * * Start of changes * * * *

6.1.1.7
Consideration for SGW Service Area and TAI list alignment due to control plane and user plane split of SGW

6.1.1.7.1
Description
According to TS 23.401 clause 4.3.8.2 Serving GW selection function, it states: 

The Serving GW selection function in the MME is used to ensure that all Tracking Areas in the Tracking Area List belong to the same Serving GW service area.

When the Serving GW is split into control plane and multiple user plane units, it is uncertain if the above requirement can still be maintained. Hence, further detailed analysis is needed. 

When the SGW is separated into CP function and UP function, the above requirement can be interpreted in two ways; whether the SGW Service Area refers to the SGW CP function Service Area or the SGW UP function Service Area.
In case the MME uses the SGW CP function Service Area when constructing the TAI List, and if it can be assured that there is “full mesh” IP connectivity between the eNBs and the SGW UP functions in a SGW CP function Service Area, the UE may move within the TAs in that SGW CP Service Area without the risk of ending up in an eNB that does not have connectivity to the currently selected SGW UP function. In such a case, the TAI List requirement is satisfied, and since even if the UE moves to an eNB outside of the configured SGW UP Serving Area, the UE can still be served at the new eNB by the selected SGW UP function. However, in such case the SGW UP may benefit from being relocated to a SGW UP that is closer to the user, e.g. using the solutions described for key issue 3 and key issue 4.  
In case the MME uses the SGW CP function Service Area when constructing the TAI List, but it cannot be assured that there is “full mesh” IP connectivity between the eNBs and the SGW UP functions in this SGW CP function Service Area, there is a risk that the TAI List will contain TAs that do not have connectivity to the SGW UP function serving the UE. Solutions variants for handling such a case are described below.
6.1.1.7.2
Solutions

6.1.1.7.2.1
Solution 1: Partitioning of the SGW CP
In this solution the service area of SGW CP functions are aligned with corresponding SGW UP service areas so that it can be handled as a legacy SGW. The SGW UP resources are deployed in “pools” corresponding to specific SGW CP function(s). With this configuration the MME treats the different SGW CP functions in the same way as SGWs are handled in the current EPC architecture. For example, the different SGW CP functions may have different IP addresses towards MME. This solution does therefore not have any MME standards impact.
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Figure 2: SGW CP is partitioned (no MME impact)
6.1.1.7.2.3
Solution 2: Solutions based on signaling between MME and SGW-C
Solution 2A: MME learning what SGW-U is selected (figure 3):

The SGW CP sends the SGW UP Identity (e.g. FQDN) to MME. The MME can then retrieve (e.g. via DNS) the list of TAs served by that SGW UP function. In this way the MME gets to know the SGW UP Service Area and can populate the TAI List as today. The MME can also initiate SGW CP relocation via which the SGW UP can be relocated accordingly. This solution alternative assumes that TAI list can be allocated after interaction with SGW.
Solution 2B: SGW UP learning the TA and influencing the TAI-List:

The MME sends the current UE location (TA or ECI) to SGW CP during the TAU procedure. This allows the SGW CP to assess (e.g. with help of DNS) if the current TA is served by the current SGW UP and can initiate a SGW UP relocation if needed. A procedure for SGW UP relocation is already captured in TR 23.714 clause 6.3.1. One issue however is that the new SGW UP may not support the TAs in the old TAI List sent to the UE. To address this, the MME would need to clear the TAI List every time a new SGW UP is selected. Alternatively, the MME needs to provide the current TAI List to the SGW so that SGW CP can determine if the new SGW UP supports all TAs in the list and indicate the resulting TAI List back to the MME. This solution alternative assumes that TAI list can be modified after interaction with SGW.
6.1.1.7.2.4
Solution 3: Decoupling TA handling and SGW UP selection
In this solution the TA handling and SGW UP selection are decoupled, in the sense that MME manages TA (and TAI List) handling, while SGW CP handles SGW UP selection. The MME can thus disregard SGW UP Service Areas completely, or in practice assume that the whole MME serving area is supported by the selected SGW, similar to solution 1. However, in difference to solution 1 there is no requirement on configuring SGW Service Areas. Instead it is assumed that SGW CP ensures that an SGW UP is selected that has approriate connectivity to the serving eNB.
An assumption in solutions 1-2 described above is that when moving from IDLE to ACTIVE the existing (old) SGW TEIDs can be used, i.e. there is no need to modify the Service Request procedure to allow re-allocation of SGW UP (i.e. modification of SGW TEID) during Service Request. However this solution 3 requires that the Service Request procedure is modified so that SGW TEIDs can be changed during the Service Request procedure, basically introducing another round trip on S11 in addition to existing procedure.
Even though this solution may seem attractive from conceptual point of view, it goes against the current principle in EPC that the SGW resources (e.g. U-plane TEID) are always ready to be used when a UE transitions from IDLE to ACTIVE state. It is currently not possible to modify SGW TEIDs (i.e. re-select the SGW UP) during the Service Request procedure. The solution 3 thus requires additional S11 signaling during every Service request procedure in order to interact with SGW CP before MME informs eNB about SGW TEIDs. In this way the eNB will be affected with extra delay before sending UL data for every Service Request procedure done. There may also be a need to modify other procedures such as X2-based handover.
Editor’s note:
It is for FFS if X2 handover procedure can work with this solution
* * * * Next change * * * *

6.X
Solutions to key issue 4: Relocation of user plane functional entity due to UE mobility
6.X.1
Solution 1 – SGW user plane change triggered during two subsequent procedures
6.X.1.1
Service Request
In this solution, the Service Request procedure is modified such that, if SGW CP determines that SGW UP relocation is beneficial, the SGW CP can indicate this to MME during the Service Request procedure. However, since there is no way to notify eNB about new SGW GTP-U addresses during the Service Request procedure, the SGW CP cannot just provide new GTP-U TEIDs to MME for direct use during the Service Request procedure.
This solution proposes that the actual SGW UP function relocation is done based at the subsequent Service Request procedure. 
The SGW CP function provides an indication to the MME during Service Request that SGW UP relocation is needed. Next time the UE makes a Service Request, the MME contacts the SGW CP function before it provides the GTP-U IP address and TEID(s) to the eNB. This allows the SGW CP to provide new S1 TEIDs that can be provided to eNB during the Service Request.
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Figure 6.X.1: Solution 1: SGW user plane change triggered during two subsequent Service Request procedures
This procedure is the same as the UE triggered Service Request procedure in 23.401, clause 5.3.4.1 with the following differences:

Step 4:
In case the SGW CP has indicated in a previous Service Request procedure that new SGW UP is to be selected, the MME sends a Modify Bearer Request to request new GTP-U address/TEIDs. If the MME has not received such indication in the previous Service Request procedure, step 4-5 are skipped.
Step 5:
New SGW UP and GTP-U IP address(es) and TEID(s) are selected and provided to the MME in Modify Bearer Response.

Step 6:
The MME provides the SGW GTP-U addresses/TEIDs to the eNB.

Step 11:
If the SGW CP provided new SGW GTP-U addresses/TEIDs in step 4-5, the SGW CP updates the PGW with the new SGW GTP-U endpoint.
Step 14:
The SGW CP may indicate to MME that a new SGW UP shall be selected at next Service Request procedure. Such indication informs the MME that it shall perform steps 4-5 above in the next Service Request procedure that is performed.
Editor’s note:
How SGW UP function re-allocation can be done during other mobility procedures such as S1-based and X2-based handovers is FFS 

6.X.2
Solution 2 – SGW user plane change during mobility procedure

6.X.2.1
Service Request
In this solution, the Service Request procedure is modified such that the SGW CP can provide new GTP-U addresses to the MME during the Service Request procedure. However, since there is no way to notify eNB about new SGW GTP-U addresses during the Service Request procedure, the MME invokes an update procedure towards eNB immediately after the Service Request procedure has been completed.


[image: image4.emf] 

              

   

   

   

MME   SGW CP     PDN GW  

2. NAS: Service Request  

1. NAS: Service Request  

7 . S1 - AP: Initial Context Setup Complete  

3. Authent ication /Security  

HSS  

4 . S1 - AP: Initial Context Setup Request  

5 . Radio Bearer Establishment   

6 . Uplink Data  

8 . Modify Bearer Request  

1 2 . Modify Bearer Response  

UE  

eNodeB  

1 1 . Modify Bearer Response  

PCRF  

(A)  

 

  10 . PCEF Initiated IP - CAN     Session Modification    

9 . Modify Bearer Re quest  

SGW UP 1   

SGW UP 2   

13.  Update eNB with new S1 - U identity of SGW  

1 5 .  UP update notification  

16.  Update UP identity Ack  

1 4 .  Update UP identity Request  


Figure 6.X.2: Solution 2: SGW user plane change triggered by Service Request procedure
This procedure is the same as the UE triggered Service Request procedure in 23.401, clause 5.3.4.1 with the following differences:

Step 8:
The SGW CP function may determine that the UE would be better served by a different SGW UP function. In that case, the SGW control plane allocates user plane session resources for the UE in the new SGW UP function.
Step 12: 
The SGW CP function may provide SGW UP F-TEIDs for the newly allocated SGW UP function to the MME.
Step 13:
In case the MME received new SGW UP F-TEIDs in step 12, the new F-TEIDs of the SGW is provided to the eNB using existing S1AP message E-RAB Modify Request (ref. TS 36.413 clause 8.2.2). The eNB uses this new S1-U identity for sending the uplink packets.

Step 14:
The SGW CP function provides the S5 user plane F-TEIDs to the PGW.
Step 15:
The MME informs the SGW CP function that the new SGW UP endpoint has been updated.
Step 16:
The PGW provides an acknowledgement to the SGW CP function
After step 16, the SGW releases the old SGW UP function resources.

Editor’s note:
It is FFS whether step 15 is needed to provide an explicit indication to SGW CP function that the old SGW UP resources can be released, or an implicit approach e.g. based on a timer in SGW CP function can be used.
Editor’s note:
How SGW UP function re-allocation can be done during other mobility procedures such as S1-based and X2-based handovers is FFS.
* * * * End of changes * * * *
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