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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. 
6.1.1.7.2
Solutions

6.1.1.7.2.1
Solution 1: Partitioning of the SGW CP
In this solution the SGW CP is partitioned into “virtual” SGW CP functions that correspond to SGW UP service areas similar to a legacy SGW. The SGW UP resources are deployed in “pools” within these partitions. With this configuration the MME treats the different “virtual” SGW CP functions in the same way as SGWs are handled in the current EPC architecture. This solution does therefore not have any MME impact.
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Figure 2. SGW CP is partitioned (no MME impact)
6.1.1.7.2.2
Solution 2: Solution based on configuration of service areas
This solution avoids the need to partition the SGW CP, but instead relies on assumptions regarding configuration:

- 
Condition 1: One or multiple complete MME pool area(s) shall be completely within an SGW UP serving area. For example, the MME pool areas and SGW UP serving areas may map 1:1. 
-
Condition 2: The SGW UP resources shall be in a serving area where all SGW UP resources can serve all TAs within the MME pool area.
Based on condition 1 and 2, the TAI List problem disappears, since the all TA’s within the MME pool area can be served by the current SGW UP. Therefore the TAs served by the MME can be included in the TAI List and no SGW UP relocation is needed. The assumption is that SGW CP selects a SGW UP function corresponding to the Service Area, and thus that there is a logical SGW CP per Service Area, or that SGW CP is informed about what MME pool is used.
In order for the SGW CP to select the SGW UP based on MME pool it needs to identify the MME Pool. This can be done either based on the MME IP address, or by explicitly including a suitable identifier (e.g. eNB ID, MME ID or MME pool ID) in the signalling from MME to SGW CP.  
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Figure 3 Configuration of SGW user plane service areas showing example with 1:1 mapping between MME pool areas and SGW Service Areas
In addition, there may be optimizations to be done in the SGW UP selection in order to select SGW UP that better serve certain TA(s) in the Service Area. Solution 2 works without such enhancement, but it is a way of ‘soften’ condition 1 and 2 by offering the possibility to select SGW UPs that are e.g. closer to the eNB. At the same time, since ‘full mesh’ is supported in the Service Area there is no requirement to immediately change SGW UP. Different solutions are possible to accomplish the optimization:
-
Alt A: The Service Request procedure may be changed such that, if SGW CP determines that SGW UP relocation is beneficial, the SGW CP can indicate this to MME. 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. Instead two alternative variants can be done:

-
Alt A1: Alternatively the MME just provides an indication to the MME that SGW UP relocation is needed. Next time the UE makes a Service Request, the MME contacts the SGW CP 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. 

-
Alt A2: The SGW CP provides new “pending” SGW UP IP address and TEIDs to MME in the Modify Bearer Response message when UE goes from IDLE to CONNECTED state. The MME uses the new parameters the next time the UE makes a Service Request. 

-
A call flow describing both Alt A1 and Alt A2 is included below.
-
Alt B: Solution based on new SGW CP initiated procedure as documented in TR 23.714, clause 6.3.1, where the SGW CP can initiate a SGW UP re-location at any time


[image: image4.emf] 

              

   

   

   

MME  

SGW CP    

PDN GW  

2. NAS: Service Request  

1. NAS: Service Reque st  

9 . S1 - AP: Initial Context Setup Complete  

3. Authentication /Security  

HSS  

6 . S1 - AP: Initial Context Setup Request  

7 . Radio Bearer Establishment   

8 . Uplink Data  

10 . Modify Bearer Request  

1 4 . Modify Bearer Response  

UE  

eNodeB  

1 3 . Modify Bearer Response  

PCRF  

(A)  

 

  12 . PCEF Initiated IP - CAN     Session Modification    

11 . Modify Be arer Request  

SGW UP 1   

SGW UP 2   

4. Modify Bearer Request  

.  5.  Modify Bearer Response  


Figure 4, Solution 1, Alternative A.

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: 
This step is applicable in Alt A1: 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. 

Step 5: 
This step is applicable in Alt A1: 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. For Alt A2, if the MME has “pending” GTP-U address(es) for a UE from a previous Service Request procedure, the MME provides these new GTP-U addresses to the eNB.

Step 10: 
For Alt A2, in case the MME provided the “pending” GTP-U address(es) to the eNB in step 4, the MME indicates that the “pending” GTP-U address(es) are now in use to the SGW CP. 

Step 11: 
For Alt A1, if GW 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. For Alt A2, if case the MME indicated that “pending” GTP-U address(es) are now in use in step 8, the SGW CP updates the PGW with the new SGW GTP-U endpoint.

Step 14:
For Alt A1, the SGW CP may indicate to MME that a new SGW UP shall be selected at next Service Request procedure. For Alt A2, a new “pending” SGW UP and corresponding GTP-U IP address(es) and TEID(s) may be selected. The SGW CP indicates to the MME the new “pending” GTP-U IP addresses and TEIDs and indicates to the MME that the new GTP-U address shall be used at next Service Request procedure. The MME stores the new GTP-U IP addresses/TEIDs.

6.1.1.7.2.3
Solution 3: Solutions based on signaling between MME and SGW-C
Solution 3A: 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 UP relocation via the SGW CP if needed.
Solution 3B: 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 SGWUP  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. 

6.1.1.7.2.4
Solution 4: 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 requiremeht 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 1-3 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 4 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 4 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.
6.1.1.7.3 Evaluation

Solution 1: Solution with SGW CP partitioned into UP service areas

+
No MME impact
+ 
No changes to 3GPP specifications

- 
Less flexible (UP resources are partitioned as well)
Solution 2: Configuration solution:
+ 
Optimized signaling
+
Small changes to TAU procedure; small changes to Service Request if optimization to SGW UP selection is done.  (For the TAU in order for the SGW-C to select the SGW-U pool it first needs to identify the MME Pool, i.e. the MME ID.)
- 
New procedure if SGW initiated re-allocation procedure is used (TR 23.714, clause 6.3.1)

- 
Dependencies in configuration of SGW and MME service areas

Solution 3: Solutions based on signaling between MME and SGW CP 
+
Flexible configuration

+ 
Keep the idea that TA to SGW “matching” is done in IDLE mode (i.e. in TAU procedure)
-
Changes needed to TAU procedure
- 
TA and TAI List knowledge in SGW and/or SGW UP knowledge in MME; i.e. information is spread in the network.

Solution 4: Decoupling TA handling from SGW UP selection
+ 
Complete separation between TA / TAI List handling (in MME) and SGW UP selection (in SGW CP)

- 
Breaks the principle that SGW UP resources are ready when UE transitions from IDLE to ACTIVE
- 
Additional S11 signaling and latency during every Service reuqest procedure in order to inform SGW about UE serving cell/TA before MME informs eNB about SGW TEIDs. 
- 
Requires MME upgrade. Does not work with legacy MME.
6.1.1.7.4 Conclusions
It is concluded to solve the ‘TAI List’ problem by the use of the SGW CP partitioning method and configuration method, presented above as solutions 1 and 2. 

Impacts on existing nodes and functionality:

· For solution 1 no standards impact is required and it allows use of legacy MME. 

· For solution 2, enhancements to allow the SGW CP to identify the MME pool may be needed (unless knowledge of MME IP address is sufficient). Support for updates to Service request procedure as described in 6.1.1.7.2.2 and/or support for new SGW-triggered SGW UP relocation procedure as described in 6.3.1 is needed to allow more optimized SGW UP selection within a SGW Service Area.
* * * * End of changes * * * *
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