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1 Introduction

3GPP TS 23.236 has detailed the Intra Domain Connection of RAN Nodes to Multiple CN Nodes for GSM and UMTS systems. In particular, it details the impacts to GSM and UMTS systems and the stage 2 procedures for the support of connecting a RNC or BSC to multiple MSC servers or SGSNs. 

The NAS Node Selection Function (NNSF) is defined to select the specific CN node (i.e. MSC or SGSN) to which initial NAS signalling messages or LLC frames are routed. “This function is used in RAN nodes and potentially in CN nodes” as stated in the specification while it has not defined how it to be used in CN nodes.

For the time being the feature of A/Iu Flex or MSC/SGSN Pool has not been widely deployed, especially in the GSM network. Most of the BSC/RNC equipments in the network do not support the feature and most of them are hard to be updated to support the feature. Even some equipments are claimed that the feature is supported but it has not been well tested that it works as expected. If it is planed to deploy the feature, it is a big risk that most of the BSC/RNC would not work well. This is because the feature holds much dependence on the radio networks.

An alternative is that the NNSF could be deployed in the core network. The present paper discusses on the problems of deploying NNSF in RAN network and advantages of deploying NNSF in CN network.

2 Discussion

2.1
Deployment issues of deploying NNSF in BSS/RAN
Some deployment issue problems have been  identified during discussion on the deployment of MSC/SGSN Pool feature. The issues of deploying NNSF in BSC/RNC for MSC pool are as discussed in the following sub-clauses. Similar issues of deploying NNSF in BSC/RNC for SGSN pool also have been identified.
2.1.1 Some existing BSC/RNC equipments do not support the feature

At present, most of existing BSC/RNC equipments do not support the feature and hard to be updated to support the feature and to be maintained in the future. Even some existing BSC/RNC equipments can be updated to support the function, it will be huge work to do so as such a great number of BSC/RNC equipments in the network especially for operators that have a huge network like China Mobile.
New BSC/RNC equipments can be required to support the function but most of existing BSC/RNC can not be, that is only the new BSC/RNC equipments can connect to multiple CN nodes and no advantages could be seen from the feature especially in the initial stage of deploying MSC Pool.
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Figure 1: Part of BSC/RNC equipments support connect to multiple MSC

As illustrated above, for example but much close to the real world, 9 BSC/RNC equipments do not support MSC Pool feature while 2 others support. Only people moving with the coverage of the 2 BSC/RNC nodes that support NNSF and the NNSF function is enabled, the interaction between MSC servers and HLR and inter-MSC handover are reduced, while if people moving to the coverage of any other BSC/RNC nodes, the interaction and the handover will still be required as if no MSC Pool feature is deployed. And when MS is in the coverage of one of the other 9 BSC/RNC nodes that do not support NNSF, only one MSC server that the BSC/RNC node connects to can serve for the subscriber, thus the resources of the MSC servers in this pool area cannot be shared.No advantages could be seen from the feature in such a network configuration.
2.1.2 Mesh TDM circuit connection between BSCs with MSCs is required

Only TDM link is supported in the A interface. A interface over IP is under the investigation but has not been defined and not supported by existing BSC equipments. If MSC Pool feature is deployed, the feature enabled BSC will be required to have signaling and bearer connection with all the MSC in the pool area. Figure 2 shows the mesh connection between 3 BSC/RNC nodes and 3 MSC Pools.
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Figure 2: BSC/RNC connects to each MSC in the pool area

That is, mesh TDM circuit connection between BSC with MSCs will be required because each BSC is needed to be able to connect to each MSC server in the pool area, and it will be extremely hard to be implemented practically. When adding a new MSC into the pool area, the TDM circuit connection between all the BSCs with the new MSC is needed to be installed (re-plan the TDM circuits between the BSCs with the MSCs or installed new circuits between the BSCs with the new MSC).

Physical mesh connection can be avoided by introducing virtual MGW between BSCs and MSC servers but the TDM circuit configuration between each pair of BSC and MSC are still required as shown in Figure 3. The TDM circuits between each pair of BSC and MSC can not be used by any other pair, e.g. BSC 1 and MSC 1 can not be re-used by between BSC 1 and MSC 2 and it reduces the usage of the TDM circuits. Any changes in the core network (e.g. adding a new MSC into the pool area) will need the TDM circuits between the BSCs with the MSCs to be re-installed (re-plan the TDM circuits configuration between the BSCs with the MSCs or install new TDM circuits, e.g. add new TDM circuits between BSCs with the new MSC).
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Figure 3: BSC and MSC connects to the intermediary node

But if each BSC/RNC only connects with one or two intermediary node and keep the intermediary node less, it will remove the need as shown in figure 4.
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Figure 4: BSC and MSC connects to the intermediary node

Furthermore, if the TDM circuits could be reused between each pair of BSC and MSC, the need of the circuits will be much less, for example by means of managing the TDM circuits between the intermediary node and BSC nodes as normal resources and managed by the intermediary node itself.
In the real world, BSC/RNC equipments are normally connected with MGW equipments which embed the SG function. So as an implementation option if the intermediary node co-locates with the MGW equipments and moving the TDM circuits management functions from the MSC server to the MGWs, the TDM circuits can be re-used by the calls between each BSC/RNC and MSC.

2.1.3 Complex O&M

The quantity of BSC/RNC equipments is much greater comparing to the quantity of the MGWs, MSC servers or some other CN nodes, any O&M operation of MSC pool (e.g. MSC load re-distribution or adding a new MSC server into the pool area) will require the O&M centre to interact with all the MSC Pool enabled BSC/RNC nodes and MSC servers as well. As the quantity of BSC/RNC nodes is much great, it will be much complicated as it needs all the corresponding nodes works well as what commanded.
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Figure 5: O&M centre send O&M command to all MSC Pool enabled BSCs/RNCs and MSCs

But if implement the NNSF in a small number of nodes, it will simplify the complexity of O&M.
2.2
Implement of deploying NNSF in CN
If it is possible to deploy NNSF in CN network in several standalone equipments or co-locate with some other nodes in the middle of BSC/RNC and MSC, it will be much easier to resolve the problems above.

Signaling gateway (SG) is not mandatory as the current 3GPP CS specification, but in the real world it is normally deployed so the MSC/MSC servers will need not to provide the physical TDM interface to BSC or any other nodes. Thus, it is a quite suitable node that the NNSF co-locate with. And another fact is that SG is normally physically co-locate with MGW, it will be an option to implement the NNSF as part of the logical function of the physical SG or MGW. Therefore, no standalone NNSF equipment will be required to deploy the MSC Pool feature and no additional work is needed on maintaining such standalone equipments for operators.
Similarly, an intermediary node could be introduced between the PCU and the SGSN for distributing up-link message to corresponding SGSN nodes. The intermediary node could be standalone or co-locate with SGSN.

2.3
Problems in the existing technical report and specification
3GPP TR 23.913 describes the use of Turbo-Charger mechanism in UMTS to reduce the signalling traffic associated with mobility. The technical report provides a technical proposal and example uses of the Turbo-Charger concept but also identifies issues that require further study. 

Turbo-charger Routeing Function (TRF) is defined for the purpose of selecting specific core network resources i.e. MSC/VLR or SGSN to serve the subscriber and Routeing C-plane traffic to the correct serving entity. But very limited description on how TRF processes messages from BSC/RNC for these purposes as 3GPP TS 23.236 and which is needed for the implementation.

3GPP TS23.236 has detailed the Intra Domain Connection of RAN Nodes to Multiple CN Nodes for GSM and UMTS systems. In particular, it details the impacts to GSM and UMTS systems and the stage 2 procedures for the support of connecting a RNC or BSC to multiple MSC servers or SGSNs. 

The NAS Node Selection Function (NNSF) is defined to select the specific CN node (i.e. MSC or SGSN) to which initial NAS signalling messages or LLC frames are routed. “This function is used in RAN nodes and potentially in CN nodes” as stated in the specification while it has not defined how it to be used in CN nodes.

A study item is seen as needed to collect the impacts on the existing GSM and UMTS system when using NNSF as a standalone CN node or in the existing CN nodes. It will also highlight the advantages and disadvantages, and identifies the procedures that would require enhancing to use NNSF in the core network.

2.4
Co-exist of deploying NNSF in CN and BSS/RAN nodes
Using NNSF in BSC/RNC nodes has already defined in 3GPP TS 23.236. Deploying NNSF in CN nodes should be possible to co-exist as shown in Figure 6.
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Figure 6: Co-exist of deploying NNSF in CN and BSS/RAN nodes
The intermediary node/NNSF may always enable its NNSF function for distributing the messages from/to any BSS/RAN nodes as if the NNSF is not supported by all the BSS/RAN nodes.
Alternatively, the intermediary node/NNSF may disable its NNSF and transparently forward the messages from/to BSS/RAN nodes that support the NNSF function, the BSS/RAN will distribute message to the MSC servers in the pool area directly as defined in TS 23.236.

It is an implementation option on how the deploying NNSF in CN nodes and in BSS/RAN nodes co-exist in a same network.

3 Proposal
It is proposed to create a Release 8 Study Item for the technical investigation on CN centric MSC/SGSN Pool solution, the impacts to GSM and UMTS systems and the stage 2 procedures for the support of connecting a RNC or BSC to multiple MSC servers.
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