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Abstract of the contribution:

Currently there are two issues not discussed in TR 23.879, which are commonly relevant for all alternative solutions presented in SA2 so far:
1. Handling of geographical dependent CS functionality.

2. Impacts based on location of the MSc and the PDN gateway.

The purpose of this contribution is to discuss the issues and potential solutions to be documented in the TR.
Discussion:

1. CS Services based on Location Information

Background:

In the CS core network the following RAN related area concepts are visible: Cell (2G only), Location Areas (LA), Service Areas (SA, 3G only), Shared Network Areas, and Localized Service Areas (2G only). These concepts are used to implement a number of features/mechanisms like regional subscription zones, location services, shared network management, page reduction, traffic distribution etc. It is wanted that a solution for CSoLTE shall not affect legacy features in legacy networks i.e. legacy CS subscribers shall not be affected.
Within LTE the only area concepts defined a cells and tracking areas (TA), where a TA is defined as a set of 1 or more cells covering a geographical area. The MME assigns one or more TAs to a UE in order to reduce TA update signaling. 

The Issue:

In order to support CS service ‘control’ based on geographical areas, to perform traffic distribution over multiple MSC/MSC-pools, etc, a CS area concept similar to 2G/3G should be emulated in CS over LTE. If there would be no such emulation, then the MSC might not use the correct LA/SA when executing location based functionality. 
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Figure 1 Roaming within TA list, which covers several LAs
In figure 1 above the mobile is register in the TA list consisting of TA1, TA2 and TA3. And within the MSC the mobile is registered in LA2, e.g. by the initial attach. Then the mobile moves from TA1 to TA3, as indicated in figure 1 by the arrow. Because the mobile stays within cells of the registered TA list, it does not perform TA update, and therefore the MSC does not know that the mobile has moved to LA5 and LA8. The example above also visualizes, that a mobile may cross LA boundaries within the same TA.

A good example of an impacted service is “regional subscription”, which makes it possible to subscribe to the GSM/WCDMA service in certain geographical areas made up of Location Areas. A mobile subscriber can have an individual service area defined. Outside the geographical area, any request for service, except emergency call service, is rejected.
In the figure below it is shown that a TA list may define a geographical area that is served by more than one MSC. And even a single TA may be stretched over two areas served by two different MSCs (or two different MSC pools). 
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Figure 2: TA1 stretching over different MSC areas

Conclusion:

The study should invest into potential solutions on how to solve above presented issue. Alternative solutions are:
1. LA/SA concept supported by LTE:

LA and SA information is broadcasted by the LTE. The LA/SA information is included into the EPS Attach procedure. As described above the mobile may cross LA borders when roaming within the TA list. Therefore the mobile must also perform a Tracking Area Update procedure when is leaves the current LA and enters a new one. A disadvantage of this alternative is the additional TA updates at LA borders (even when the TA is unchanged)...
Other solutions, where the mobile fall backs from time to time into 2G/3G RAN to listen to 2G/3G broadcast channels have been disregarded.

2. Mapping of TA lists to LAs and SAs:
A mapping function between the area concepts of LTE and 2G/3G is introduced. To solve the issue, the operator must define the network such that a TA list always maps to a single LA and/or SA. The disadvantage of this alternative is less flexibility for the operator in defining areas. But it may be acceptable and sufficient during early deployment phases of LTE. The mapping function can be place in the MME, or a  separate function that is queried from the MME.
3. Degradation of location dependant services: 
In this alternative the requirements are relaxed and it is accepted that location dependant services are not supported for CS services over LTE. However it still must be secured that the mobile is registered at the right MSC. Therefore TA’s and TA lists should not stretch over MSC/MSC pool area borders. When the mobile roams into a geographical area belonging to another MSC/MSC pool then it automatically enters a new TA which is not in its current TA list. That means the mobile performs the Tracking Area Update procedure and the subscriber will be registered in the new MSC. 
2. Network Considerations

Background:

The current principle in CS networks is to execute services in the local MSC-S. A deviation from this principle will result in that many services and principles will not work as today in legacy 2G/3G networks. Some examples are: local handling of emergency calls, location dependent services (which are handled according to the local rules, e.g. calling the closest shop), etc. Also inter-MSC handover will be hard to achieve with respect to find the target MSC. Therefore the MSC used for CS over LTE must be located in the visited network.

The Issue:

TS 23.401 defines a number of references architectures: the non roaming architecture and the roaming architecture. The roaming architecture includes a number of variants:  home routed traffic, local breakout with home operator’s application functions only, and local breakout with visited operator’s application functions only.

Accepting the MSC is to be located in the visited network, then some of these architectures result in routing the traffic several times between the visited network and the home network. Figure 3 shows that home tunneling implies that an Inter-PLMN network is traversed at least 2 times.
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Figure 3: based on 23.401 Architecture for 3GPP Accesses, Home Routed traffic

In the worst case (A and B are in the same VPLMN) for a mobile to mobile call the traffic traverses 6 times the inter-PLMN network:
- from UE (A-party) to PDN gateway,
- from PDN gateway to visited MSC (of A-party)
- from visited MSC to GMSC
- from GMSC to visited MSC (of B-party)
- from visited MSC to PDN gateway
- from PDN gateway to UE (B-party)

Conclusion:

The MSC must be located in the visited network. Therefore in the LTE roaming architecture with home routed traffic (TS 23.401) the traffic for CS calls over LTE is routed several times over the Inter-PLMN network). This will increase delay and by that negatively influence the speech quality.
Proposal:

The above topics should be covered in the feasibility study.
It’s proposed that SA2 discusses the issue and solutions in section 1. Based on the conclusion TR 23.879 should be updated with the agreed solution or the potential solutions.

In addition it’s proposed that SA2 agrees to the conclusion in Section 2 and that this conclusion is documented in TR 23.879.
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