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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The solution for support of the Intra Domain Connection of RAN Nodes to Multiple CN Nodes for GSM and UMTS systems in TS 23.236 [2] may have issues with existing deployments and implementations, e.g. upgrade of existing nodes and establishment of mesh circuit connections. This TR studies whether deploying NNSF function above the BSC/RNC nodes may resolve these issues.
1
Scope

This Technical Report evaluates the feasibility of implementing NNSF function above the BSC/RNC nodes and the impacts on specifications and deployments.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 23.236: “Intra-domain connection of Radio Access Network (RAN) nodes to multiple Core Network (CN) nodes”.
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] 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 [x].
Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and 3GPP TS 23.236 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1] and 3GPP TS 23.236 [2].
Abbreviation format

<ACRONYM>
<Explanation>

4
General Description
Editor's Note:
This section lists the deploying issues of using NNSF in BSC/RNC nodes, and generally describes how to resolve these issues through deploying NNSF above the BSC/RNC nodes.

4.1
Architecture Assumptions

Editor's Note:
This section describes the baseline architecture.

4.2
Overview

Editor's Note:
Overview of deploying NNSF above the BSC/RNC nodes.

4.2.1
Issues with deploying NNSF in BSC nodes for MSC pool
In certain networks and with certain implementations, some deployment issues have been identified relative to the deployment of the MSC/SGSN Pool feature as specified in TS 23.236[2]. Such issues associated with deploying NNSF in BSC/RNC for MSC pool are described in the following sub-clauses. 
4.2.1.1
In certain networks some existing BSC/RNC nodes do not support the feature

In certain networks, most of the existing BSC/RNC nodes do not support the feature, and it is not easy to update them to support the feature and to be maintained in the future. New BSC/RNC nodes can be required to support the function, but some of the existing BSC/RNC can not be upgraded. Therefore the advantage of deploying MSC Pool can not be fully exploited within certain networks.
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Figure 4.2.1.1.1: Part of BSC/RNC nodes support connect to multiple MSS
In the real-world example provided in Figure 4.2.1.1.1, nine BSC/RNC nodes do not support MSC Pool feature while two other ones support it. Only for mobile stations moving with the coverage of the 2 BSC/RNC nodes, which support NNSF and where the NNSF function is enabled, the interaction between MSC servers and HLR and inter-MSC handover are reduced, while 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. Very little advantages could be seen from the feature in such a network configuration.
4.2.1.2
Mesh TDM circuit connection between BSCs with MSCs is required

While deployment of AoIP (A interface bearer over IP) removes the mesh TDM connection of BSC nodes with MSC nodes, only TDM connections are supported by the existing BSC, and not all the existing BSC nodes can be updated to IP mode. The mesh TDM circuit connection between BSC nodes with MSC nodes is still a deployment issue in the absence of AoIP, and is described in this clause.

If the MSC Pool feature is deployed per TS 23.236[2], the feature enabled BSC will be required to have signaling and bearer connection with all the MSCs in the pool area. Figure 4.2.1.2.1 shows the mesh connection between 3 BSC/RNC nodes and 3 MSCs.
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Figure 4.2.1.2.1: BSC/RNC connects to each MSS in the pool area

That is, mesh TDM circuit connection between BSC with MSC Servers 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 as the POOL scale increases. 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 4.2.1.2.2. The TDM circuits between each pair of BSC and MSC can not be used by any other pair, e.g. circuits used for  the pair BSC 1 and MSC 1 can not be re-used for the pair BSC 1 and MSC 2. Thus  the usage of the TDM circuits is limited. 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 virtual MGWs to be re-installed (re-plan the TDM circuits configuration between the BSCs with the virtual MGWs or install new TDM circuits, e.g. add new TDM circuits between BSCs with the virtual MGWs for the new MSC).
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Figure 4.2.1.2.2: MGW between BSCs and MSC servers used as intermediary node

But if each BSC/RNC only connects with one or two intermediary nodes and keep the number of intermediary nodes small, it will remove the abovementioned need as shown in figure 4.2.1.2.3.
Editor’s Notes: In the case the BSC/RNC is connected to several intermediate nodes for the control plane, it is FFS what are the upgrades required in the BSC/RNC and what are the advantages compared to A/Iu Flex upgrades.

Editor’s Notes: In the case the BSC/RNC is connected to one single intermediate node for the control plane, it is FFS how the WID objective "The solution should provide the same redundancy capability as the existing MSC/SGSN solution" is satisfied.
In the case the BSC/RNC is connected to several intermediate nodes for the control plane, it is FFS what are the upgrades required in the BSC/RNC and what are the advantages compared to A/Iu Flex upgrades.

In the case the BSC/RNC is connected to one single intermediate node for the control plane, it is FFS how the WID objective " The solution should provide the same redundancy capability as the existing MSC/SGSN solution" is satisfied.
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Figure 4.2.1.2.3: BSC and MSS 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 deployed networks, BSC/RNC nodes are normally connected with MGW nodes which embed the SG function. So as an implementation option if the intermediary node co-locates with the MGW nodes 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.

4.2.1.3
Complex O&M

When NNSF is deployed within the BSC/RNC, any O&M operation related to NNSF functionality (e.g adding a new MSC into the pool area) will require the O&M centre to interact with each MSC Pool enabled BSC/RNC node individually. As the number of BSC/RNC nodes in a network increases, the complexity of O&M increases in proportion.
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Figure 4.2.1.3.1: O&M centre send O&M command to all MSC Pool enabled BSCs/RNCs and MSSs

But if the NNSF is implemented in a small number of nodes, it will simplify the complexity of O&M.
4.2.2
Implementing NNSF outside of the BSC/RNC nodes
Deploying NNSF not in the BSC/RNC nodes but instead in standalone Intermediary nodes or co-locating with some other nodes as illustrated in figure 4.2.2.1, it will be much easier to resolve the problems captured in sub-clause 4.2.1.
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Figure 4.2.2.1: Deploying NNSF outside of the BSC/RNC nodes

The NAS Node Selection Function is as specified in 3GPP TS 23.236 [2] to assign specific network resources (i.e. MSC or SGSN) to serve a mobile station and subsequently route the traffic to the assigned network resource. The NRI identifies the specific CN node. If the NAS Node Selection Function has a CN node address configured for the NRI derived from the initial NAS signalling message or from the LLC frame then this message or frame is routed to this address. If no CN node address is configured for the derived NRI or if no NRI can be derived (e.g. the MS indicated an identity which contains no NRI) then the NAS Node Selection Function selects an available CN node (e.g. according to load balancing) and routes the message or LLC frame to the selected CN node.

4.2.3
Issues with deploying NNSF in BSC nodes for SGSN pool
Editor’s Note: FFS
4.3
Load Balancing

The NAS Node Selection Function above the BSC/RNC nodes balances the load between the available CN nodes as specified in sub-clause 4.5 of 3GPP TS 23.236 [2]. The load-balancing algorithm is implementation specific.
4.4
Load Re-Distribution

Load re-distribution shall be performed as the procedures defined in sub-clause 4.5a.1 of 3GPP TS 23.236 [2].
4.5
Mobility Management

No impacts upon mobility management result from the deployment of NNSF above BSC/RNC.  See sub-clause 4.6 of 3GPP TS 23.236 [2].

4.6
Default CN node

No impacts to the default CN node concept result from the deployment of NNSF above BSC/RNC.  See sub-clause 4.7 of 3GPP TS 23.236 [2].

4.7
Support of combined mobility management procedures


No impacts to the support of combined mobility management procedures result from the deployment of NNSF above BSC/RNC. See sub-clause 4.8 of 3GPP TS 23.236 [2].
The configurations of the Gs interface are illustrated in figure 4.7.1.
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Deploying NNSF within the BSS/RAN nodes
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Deploying NNSF above the BSS/RAN nodes
Figure 4.7.1
Network Model for using the combined mobility management

4.8
Re-use of A-Interface TDM circuits
Editor's Note:
This section is to describe the re-use of A-Interface TDM circuits to improve the resource utilization rate.

4.9
Redundancy and failover

Editor's Note:
This section is to describe the redundancy and failover consideration on implementing NNSF above BSC/RNC.
4.9.1
Redundancy and failover in signalling plane

4.9.1.1
Redundancy and failover in IP transport based networks

4.9.1.2
Redundancy and failover in SS7 networks

4.9.1.2.1
For BSC/RNC’s that only Support Associated Signalling Mode
In order to improve network resilience, each BSC/RNC node may connect to both a primary Intermediary node and a backup Intermediary node .When a BSC/RNC node only supports associated signalling mode, only a single SS7 linkset may be configured for communication toward the Core Network. To accommodate this constraint, the same Signalling Point Code is configured in both the primary and backup Intermediary nodes, and the set of links belonging to the single linkset are divided between the two physical Intermediary nodes. At a given point in time, only one such physical Intermediary node, either the ‘primary’ or the ‘backup’, is actively handling message traffic, and only the links from the BSC/RNC node to the active Intermediary node are in service. This configuration is illustrated in figure 4.9.1.
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Figure 4.9.1.1: Intermediary node failover: BSC/RNC node supports only associated signalling mode

When the primary Intermediary node operates normally, the traffic between the BSC/RNC nodes and the MSC Servers will be routed through the primary node. When the primary node fails, the backup Intermediary node will take over the traffic of the primary and begin routeing the uplink and downlink messages between the MSC Servers and the BSC/RNC nodes.
Editor’s Note:
The backup Intermediary node activates by command from the O&M Center or by other methods that the backup can become aware that the primary node has failed. Upon Intermediary node failure, it is assumed that human intervention is not required to stimulate the O&M Center to effect an activity switch between members of the Intermediary node pair. Impacts on ongoing calls during the failover period requires further study.

Editor's Note: It is not sufficient for the OAM to interface the intermediary node, it is also needed that the BSC/RNC, or an interim cross-connect must be ordered to switch the linkset. Additionally, in general the back node activation is the complex part of this solution and needs to be described in more detail when using an automated mechanism as above.
4.9.1.2.2
For BSC/RNC’s that Support Quasi-Associated Signalling Mode
In order to improve network resilience, each BSC/RNC node may connect to both a primary Intermediary node and a backup Intermediary node. When a BSC/RNC node supports Quasi-associated signalling mode, it is possible to configure multiple SS7 linksets that are connected to distinct physical endpoints. For the BSC/RNC node, the distinct physical endpoints may correspond to the two members of an Intermediary node pair, respectively. To support this configuration, a common signalling point code is configured within each member of an Intermediary node pair in addition to each individual member node’s unique signalling point code. This configuration is illustrated in figure 4.9.2.1. The common signalling point code is to indicate to the Intermediary node that it is required to select and determine the CN node and to distribute the message to the CN node. 

For uplink messages specifying the destination point code as the common signalling point code, the Intermediary node selects and determines the CN node from the NRI parameter as specified in sub-clause 5.6 and distributes the message to the CN node in which message the destination signalling point code is updated to the actual SPC of the destination CN node.
Editor's note: It needs to be described how the downlink responses to the uplink messages are routed. e.g. how is it secured that the response is going via the same Intermediate node, especially. if the MSC Pool members use quasi-associated signalling?
When one Intermediary node fails, the traffic between the BSC/RNC nodes and the MSC Servers will pass through the other Intermediary node.
Editor's note: it needs to be stated if the Intermediary Nodes are supposed to operate in load-sharing mode or in standby mode, i.e. in this context how A interface TDM resources are managed?
Editor’s Note: Whether signalling for existing calls is impacted when one member of an Intermediary node pair fails is FFS.


[image: image18]
Figure 4.9.2.1: Intermediary Node Failover: BSC/RNC node Supports Quasi-Associated Signalling Mode

Editor's note: The figure 4.9.2.1 needs to also show the "common signalling point code" and the signalling point codes of the pool members.
4.9.2
Redundancy and failover in user plane

5
Functional Description
Editor's Note:
This section is to describe the functionalities of the nodes involved.

5.1
MS function

The deployment of NNSF above the BSC/RNC has no impact on the MS function. See sub-clause 5.1 of 3GPP TS 23.236 [2].
5.2
RNC Functions

The deployment of NNSF above the RNC has no impact on the RNC functions, i.e. the RNC function does not provide the NAS Node Selection Function as specified in TS 23.236[2]. 

5.3
BSC Functions

The deployment of NNSF above the BSC has no impact on the BSC functions, i.e. the BSC function does not provide the NAS Node Selection Function as specified in sub-clause 5.2 of 3GPP TS 23.236[2].
5.4
MSC Functions

Impacts to MSC functions due to the deployment of NNSF above BSC/RNC are as specified in sub-clause 5.4 of 3GPP TS 23.236 [2].

Note:
The MSC does not need to be aware whether the NNSF function is provided within or above the BSC/RNC nodes.

Editor’s Note:
The impact upon the MGW of deploying NNSF above BSC/RNC is FFS.

5.5
SGSN Functions

The deployment of NNSF above BSC/RNC places requirements on the SGSN as specified in sub-clauses 5.5.1 and 5.5.3 of 3GPP TS 23.236 [2].

Note:
The SGSN does not need to be aware whether the NNSF function is provided within or above the BSC/RNC nodes.

5.6
Intermediary Node Functions
The NAS Node Selection Function (NNSF) is used to select the specific CN node (i.e. MSC or SGSN) to which initial NAS signalling messages or LLC frames are routed. The NRI identifies the specific CN node. If the Intermediary node has a CN node address configured for the NRI derived from the initial NAS signalling message, or from the LLC frame, then this message or frame is routed to this address. If no CN node address is configured for the derived NRI, or if no NRI can be derived (e.g. the MS indicated an identity which contains no NRI), then the Intermediary node selects an available CN node (e.g. according to load balancing) and routes the message or LLC frame to the selected CN node.

The Intermediary node derives the NRI from the (P-)TMSI when the MS is supported in either Iu mode, Gb mode or A interface mode.
In A/Gb/Iu mode, in the event that an MSC/VLR sends a paging-request/paging with IMSI (i.e. the paging message does not contain a TMSI), the Intermediary node shall, upon reception, temporarily store the Global-CN-ID of the node that issued the paging-request/paging message. If the intermediary node in A/Gb/Iu mode receives a paging-response with an IMSI, then it should check the temporarily stored Global-CN-ID on entries matching this IMSI, and forward the paging-response to the node identified by this Global-CN-ID.

Additional functions required at the Intermediary node are:

· Connectionless BSSAP maintenance message handling :Block, Unblock, Reset, Reset Circuit, Group Block, Group Unblock, Overload.
· Alternate routing: When the CN node indicated by the NRI is not available, one of the remaining CN nodes will be selected.
Editor’s Note: Detailed text that describes the routing behaviour of the NNSF needs to be added.

6
Specific Examples
Editor's Note:
This section is to describe impacted scenarios when developing NNSF above the BSC/RNC noes, 

6.1
Network Registration and Location Updating Procedures
6.2
Mobile Terminating Call Set-up
6.3
Mobile Originating Call Set-up
6.4
SRNS Relocation Update
6.5
Modification of Subscription Data
6.6
Cancel Location
6.7
Reset
6.8
Short Message Service
7
Interaction with other features
Editor's Note:
This section is to describe the interaction with other features of deploying NNSF above BSC/RNC nodes. The list of feature is to be completed during the study.

7.1
Interaction with MOCN
Editor's Note:
This section is to describe the interaction with MOCN of deploying NNSF above BSC/RNC nodes.

8
Compatibility Issues
Editor's Note:
This section is to describe the compatibility issues of logical NNSF nodes for deploying NNSF above BSC/RNC nodes.
8.1
Co-existence of deploying NNSF in BSC/RNC nodes with deploying NNSF above BSC/RNC nodes

Editor's Note:
This section is to describe the co-existence of deploying NNSF in BSC/RNC nodes with deploying NNSF above BSC/RNC nodes.
9
Conclusions
Editor's Note:
This section will describe the conclusion whether create new TS or modify existing TS to update the requirement in this Technical Report. And impacted specifications will also be identified. 
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