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1. Introduction

MME pool area and UPE pool area are defined as an area within which a UE may be served without need to change the serving MME/UPE. An MME/UPE Pool Area is served by one or more MMEs/UPEs in parallel. MME/UPE Pool Areas are a collection of complete Tracking Areas. MME/UPE Pool Areas may overlap each other. According to the definition, this contribution analyzes the issues and draws some conclusions. To align the new architecture, the term UPE is replaced by Serving SAE GW in the contribution.
2. Discussion

2.1 Pool principles:
“- For S1, the scope of mesh connectivity is at least within an MME Pool Area, and 

Note: S1 Connectivity outside the MME Pool Area is FFS

- For X2, the scope of mesh connectivity is at least within a Neighbor List of eNBs.

Note: It is FFS whether there will be X2 connectivity between Pool Areas.
Although in some implementation cases, there may be cases where Neighbor List will span between different pool areas” 

(Above excerpted from R3.018 V070) 
- MME/Serving SAE GW Pool Areas may overlap each other
- MME/Serving SAE GW Pool Areas are a collection of complete Tracking Areas, which means if a TA spans over multiple ENBs, then all these ENBs have to belong to the same pool areas. 

According to the above principles, we can draw two conclusions as following:

2.2 Conclusion 1: the overlapping part of two pools is a collection of complete Tracking Areas
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Figure 1. Overlapping part is at least one complete TA
Figure 1 shows a scenario that a UE is moving from ENB1 to ENB4 and then moves back. When there is no multi-TA or overlapping TA, the overlapping part of two MME Pools is a collection of complete TAs, because it will violate the principle that MME Area are a collection of complete Tracking Areas if one of the overlapping ENBs is disconnected to one pool. For example, if TA2 includes ENB2 and ENB3, only ENB3 is the overlapping part, and ENB2 is connected to MME pool 1 only, then MME pool 2 are not a collection of complete TAs (complete TA3 and half of TA2).
Unless overlapping TA is applied as Figure 2 describes:
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Figure 2. Overlapping part is less than one TA if overlapping TA is applied

In Figure 2, ENB3 belongs to two TAs and broadcasts two TA-ids to the UEs. MME pool (MP in short) 1 cannot see TA2 and MP2 cannot see TA1, or else it will violate the principle of MME Area are a collection of complete Tracking Areas. In this case the overlapping part could be less than one complete TA. According to the decision in CT1 of not considering overlapping TA in the TA concept, the above situation is omitted.
We can also easily make the same conclusion on Serving SAE Pools: “The overlapping part of two Serving SAE GW Pools is a collection of complete Tracking Areas.”
2.3 Conclusion 2: every neighboring ENBs may have X2 connectivity
If the pool overlapping is used, then every neighboring ENBs has X2 connectivity because it is agreed that there will be X2 connectivity within one pool area. Taking the above Figure 2 as an example, ENB1/2/3 has X2 connectivity because they are in the same MME pool, MP1; and ENB3/4/5 has X2 connectivity since they belong to the same MME pool, MP2. So all the neighboring ENBs: ENB2 and ENB3, as well as ENB3 and ENB4, have X2 connectivity. The exceptional situation is that the two neighboring pools do not overlap each other, so that the ENBs that belong to different pool areas may not have X2 connectivity. This conclusion has to do with handover procedure. Inter MME or Serving SAE GW HO over X2 may happen.
2.4 Primary pool
Primary pool is mentioned in R3.018. In figure 1, ENB2 belongs to two pools, and MP1 is its primary pool and MP2 is its neighboring pool. If a UE initiates attachment from ENB2, it would be better to be attached to an MME in MP1, so that the probability of MME relocation is much smaller. For those majority ENBs belong to only one pool, they just have primary pool and no neighboring pool.
So we propose a principle for initial MME or Serving SAE GW selection:

· Pool selection: select primary pool according to UE’s position
· Entity selection: select one entity (MME or Serving SAE GW) from the selected pool according to the load balance principle etc.
According to the principle, we propose inter MME and inter Serving SAE GW TAU procedure as the following
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Figure 3. Inter MME/Serving SAE GW TAU

If the ENB cannot reach the original MME, the ENB would select one new MME as serving MME. This happens when the ENB does not belong to the original MME pool. The ENB will select its primary pool and one MME from the pool. And if there is no connectivity between the ENB and source Serving SAE GW, the MME will select the ENB’s primary Serving SAE GW pool and one GW from the pool as the UE’s new Serving SAE GW.
In the step 2 and 6, MME and Serving SAE GW primary pool selection might not be a real selection since the ENB belongs to only one pool. Primary pool also has impacts on Attachment procedure.
2.5 Multi-TA registration concept and pool concept
Multi-TA registration concept is one solution of TA concept, which means a UE could be assigned with multi-TAs (TA list) once so that it won’t need to initiate TAU as long as it does not moves out of the assigned TAs. And the UE’s paging area is also the assigned TAs. The TA list assigned to one UE can never span over several pools, i.e. MME should assign TA list within the pool area. For example, in figure 1, MME in MP1 could assign TA list {TA1} or TA list {TA1, TA2} but never TA list {TA2, TA3}, because TA3 does not belong to MP1 and normally the MME cannot see it. Or else once paging is initiated, the serving MME has to request an MME in MP2 to help page in TA3, which cause complexity. 
Pool overlapping avoids not only ping-pong MME/Serving SAE GW relocation but also ping-pong TAU. Because the two border ENBs belonging to different pool definitely belong to different TAs, and the two TAs cannot be assigned to UE in the same TA list, if there is no pool overlapping. Once the UE moves around the border, ping-pong TAU along with ping-pong MME/Serving SAE GW relocation and pool change occurs. So we recommend to deploy pool overlapping in the whole PLMN and we get conclusion 2 as every neighboring ENBs have X2 connectivity in the end.
3. Conclusion

The contribution analyzes pool definition and draws some conclusions and proposals: the pool overlapping part is a collection of complete Tracking Areas; all neighboring ENBs have X2 connectivity if pool overlapping is applied; initial MME/Serving SAE GW selection is that firstly to select primary pool according to UE’s position and then to select entity from the pool according to load balance principle etc.; in the multi-TA registration concept, the TA list assigned to one UE can never span over several pools. And finally we suggest adding the definition of primary and neighbouring pool, and proposed inter MME/Serving SAE GW TAU procedure into TS 23.401.
4. Text Proposal

/*********************************Start of 1st Change*********************************************/

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

MME Pool Area: An MME Pool Area is defined as an area within which a UE may be served without need to change the serving MME. An MME Pool Area is served by one or more MMEs ("pool of MMEs") in parallel. MME Pool Areas are a collection of complete Tracking Areas. MME Pool Areas may overlap each other.

Serving SAE GW Pool Area: A Serving SAE GW Pool Area is defined as an area within which a UE may be served without need to change the Serving SAE GW. A Serving SAE GW Pool Area is served by one or more Serving SAE GWs ("pool of Serving SAE GW s") in parallel. Serving SAE GW Pool Areas are a collection of complete Tracking Areas. Serving SAE GW Pool Areas may overlap each other.
Primary Pool: Primary Pool is defined as a pool to one eNodeB from which a UE selects a CN node so as to reduce the probability of CN node relocation and pool change. 
Neighbouring Pool: Neighbouring pool is the other pool except the primary pool to one eNodeB from the pools which the eNodeB belongs to.
/**********************************End of 1st Change*********************************************/

/*********************************Start of 2nd Change*********************************************/

5.3
Authentication, Security and Location Management

<This section describes the MM functionality and signalling flows for, eg attach, detach, identity check, paging, etc.>
To reduce the probability of CN node relocation and pool change, the principle for initial MME or Serving SAE GW selection is:

- Pool selection: select primary pool according to UE’s position

- Entity selection: select one entity (MME or Serving SAE GW) from the selected pool according to the load balance principle etc.
5.3.X 
Tracking Area Update Procedure

A tracking area update takes place when an attached UE detects that it has entered a new TA which isn’t within the assigned TA list, or when the periodic TA update timer has expired. The MME detects that it is an intra-MME tracking area update by noticing that it also handles the old TA. In this case, the MME has the necessary information about the UE and there is no need to inform the HSS about the new UE location. A periodic TA update is always an intra-MME tracking area update. Inter MME/Serving SAE GW TAU happens when the UE moves into a new TA not belonging to the original pool.
The inter MME/Serving SAE GW TAU procedure is illustrated in Figure 5.3.X-1.

Note: Considering routeing optimization or exceptional reasons such as O&M, overload etc., the PDN SAE GW change may occur, which is FFS.
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Figure 5.3.X-1 Inter MME/Serving SAE GW TAU

1) The UE moves into a new TA not within its assigned TA list and initiates TAU request to the network. 
2) The ENB finds there is no connectivity towards the UE’s original MME and selects its primary MME pool and further selects one MME from the pool. 

3) The ENB forwards TAU Request message to the selected target MME. 

4) The target MME retrieves UE’s context from the source MME.

5) Security functions may be executed.

6) If there is no connectivity between the ENB and the source Serving SAE GW, the MME will select one Serving SAE GW as the new Serving SAE GW for the UE. Before the Serving SAE GW selection, the MME may select the ENB’s primary Serving SAE GW pool first. 

7) The target MME notifies the target Serving SAE GW to create Bearer Context. 

8) The target Serving SAE GW sends Create Bearer Context Request to updates S5/S8 bearer to all PDN SAE GWs the UE use. Whether the PDN SAE GW will also change is FFS.
9) The target Serving SAE GW returns Create Bearer Context Response. 

10) The target MME registers itself as the UE’s serving MME in the HSS.
11) The HSS deletes the UE’s context in the source MME by sending Cancel Location to the source MME. 

12) The source MME deletes the UE’s bearer context in the source Serving SAE GW.

13) The HSS confirms the registration of the target MME
14) The target MME sends TAU Accept to the UE.
/**********************************End of 2nd Change*********************************************/
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