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Abstract of the contribution:

This contribution extends the idle-mode mobility handling in LTE based on findings in TR 23.882. The extension allows for optimal Serving GW (re-)selection during idle mode mobility, which can largely reduce or avoid the need for Serving GW relocation during active mode handovers.
1. Introduction and Discussion 
In TR 23.882 we concluded that it is generally desirable to avoid Serving GW relocations during active mode handovers. In particular for UEs with delay sensitive communications, active mode Serving GW relocations can lead to unsatisfactory user experiences due to longer disruptions.

In order to avoid forced Serving GW relocations at the edge of a pool area during active mode handovers, it is important to allow earlier Serving GW relocation when it doesn’t harm – i.e. during idle-mode mobility.

However, according to the tracking area update procedure currently defined in TS 23.401 (v1.0.0), the Serving GW of a UE can only be changed when the UE leaves the serving area of the current Serving GW. In other words, the current specification does not allow the network to (re-)select another Serving GW that is in a better position to serve a UE before the UE leaves the serving area.
The implications of this limitation are illustrated in Figure 1. Delaying the relocation of the Serving GW until the UE leaves the serving area of the Serving GW, despite overlapping pools areas, increases the likelihood that a Serving GW relocation is necessary during an active mode handover. For example, if the user initiates or receives a phone call when s/he is already close to the edge of the serving area of the current Serving GW, the chances that a Serving GW relocation during active mode is required is much higher than if the Serving GW would have been changed earlier.
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Figure 1. Current idle mode handling procedure does not allow for earlier 
S-GW relocation during idle mode mobility.
Moreover, delaying the Serving GW relocation unnecessarily has the disadvantage that routing becomes less optimal. In the example illustrated in Figure 1, the UE would have been rather served by a Serving-GW of S-GW Pool Y when it starts the phone call. Again, allowing relocation of Serving GW earlier, not only when the UE leaves the serving area, can be advantageous from a resource utilization point of view (a better route wastes less network resources) and offer the end-user a shorter end-to-end delay.

Figure 2 illustrates the advantages of earlier Serving GW relocation in case of overlapping pool areas based on the same scenario introduced above. Rather than waiting until the UE reaches the edge of the current Serving GW’s serving area, it is desirable for the network to be able to (re-)select a better suitable Serving GW earlier: as soon as a Serving GW of the target pool is in a better position to serve the UE.
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Figure 2. Enhanced Serving GW relocation scheme during idle mode mobility.
2. Conclusion

Based on the findings in TR 23.882, this contribution proposes to extend the idle mode mobility procedure allowing “Serving GW relocation during idle mode mobility as soon as a Serving GW of the target pool is in a better position to serve the UE than the current Serving GW”. The advantages are as follows:

1. Earlier Serving GW relocation while the UE is in idle mode avoids by large the need for forced relocation while the UE is in active mode.

2. Earlier Serving GW relocation allows for more optimal routing.

3. Proposal

In order to allow for the optimised procedure described above, it is proposed to update the Tracking Area Update Procedure in Section 5.3.3 of TS 23.401 as follows:

Start of Change

5.3.3
Tracking Area Update procedures

5.3.3.1
Tracking Area Update procedure with MME and Serving GW change
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Figure 5.3.3-1: Tracking Area Update procedure with MME and Serving GW change
1)
The UE detects a change to a new TA by discovering that its current TA is not in the list of TAs that the UE registered with the network.
2)
The UE initiates the TAU procedure by sending a TAU Request (S‑TMSI and old TAI, Selected Network) message to the eNodeB. The S‑TMSI and the old TAI associated with S‑TMSI shall be included. Selected Network indicates the network that is selected.

Editor's note: FFS whether to add an indication to the message that allows the UE to request to establish the user plane on radio and S1 as part of the TAU procedure
3)
The eNodeB derives the MME from the S-TMSI and from the indicated Selected Network. If no MME can be derived the eNodeB selects an MME.

Editor's note: MME selection function needs to be resolved.

The eNodeB forwards the TAU Request message together with an indication of the Cell Global Identity of the cell from where it received the message to the new MME.

4)
The new MME sends an MME Context Request (S‑TMSI, old TAI) to the old MME to retrieve user information. The new MME derives the old MME from old TAI and old S-TMSI. 

FFS whether TAU Request message needs to be forwarded to old MME, e.g. to perform integrity check of the message if this cannot be done by the new MME. An alternative may be using an S-TMSI signature.
5)
The old MME responds with an MME Context Response (MME context (e.g. IMSI, Authentication Quintets, bearer contexts)). If the UE is not known in the old MME, the old MME responds with an appropriate error cause.
Editor's note: It is FFS whether MME stores all bearer context parameters including PDN GW address or whether it needs to ask the Serving GW 

6)
The authentication functions are defined in the clause "Security Function". Ciphering procedures are described in clause "Security Function". If S‑TMSI allocation is going to be done and the network supports ciphering, the NAS messages shall be ciphered.
7)
The new MME sends an MME Context Acknowledge message to the old MME. The old MME marks in its context that the information in the GWs and the HSS are invalid. This ensures that the old MME updates the GWs and the HSS if the UE initiates a TAU procedure back to the old MME before completing the ongoing TAU procedure. If the security functions do not authenticate the UE correctly, then the TAU shall be rejected, and the new MME shall send a reject indication to the old MME. The old MME shall continue as if the Identification and Context Request was never received.
8)
The new MME validates the UE's presence in the (new) TA. If due to regional subscription restrictions or access restrictions the UE is not allowed to attach in the TA, the MME rejects the TAU Request with an appropriate cause. If subscription checking fails for other reasons, the MME rejects the TAU Request with an appropriate cause. If all checks are successful then the MME constructs an MM context for the UE.
The new MME verifies whether the old Serving GW can continue to serve the UE. If not or if a Serving GW of an adjacent pool area can serve the UE longer and/or with a more optimal UE to PDN GW path, the MME selects a new Serving GW as described under "GW selection function" and sends a Create Bearer Request (IMSI, bearer contexts, MME Context ID) message to the selected new Serving GW. The PDN GW address is indicated in the bearer Contexts.
9)
The new Serving GW sends Update Bearer Request message (Serving GW Address, Serving GW Tunnel Endpoint Identifier) to the PDN GW concerned.
End of Change
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