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1. Introduction

In case of Pool area configuration, it shall be possible to remove some load of one of the CN nodes and to redistribute it towards other CN nodes of the same pool area, for example for maintenance reasons or in case of CN node overload which needs to be downgrades.

Some requirements have been expressed in S2-050212: "there are situations where a network operator wishes to remove load from one CN node in an orderly manner (e.g. to perform scheduled maintenance, or in case of overload) with minimal impact to customers and/or load on other entities.”

The requirement is therefore understood as a smooth offloading of the node, with minimal impact on the service.

This paper describes a solution for load re-balancing reusing load sharing procedures already existing for A/Gb/Iu Flexibility feature and already existing information in the UE-RAN messages.

2. Description of the solution

The solution described below relies on tree principles:

· Re-use A/Gb/Iu flexibility load-sharing mechanism existing in RAN

· Move smoothly UEs in IDLE mode attached to the CN node to be restarted into a new CN of the same pool area on RNC decision,

· Keep UEs in CONNECTED mode attached to CN node to be restarted until they stop traffic and are moved into IDLE mode in order to fallback to the previous case.

2.1 UTRAN Access

Redistribution of IDLE mode UEs 

For PS and CS domain, when the mobile is IDLE, it requests a service via a RRC connection Request in which the establishment cause allows the UTRAN to differentiate registration requests from MO/MT call requests and other NAS requests.

The RAN can then send Registration Requests to a new MSC/SGSN while MO/MT calls and responses to Paging for MT calls can be sent to the old MSC/SGSN. The RNC can re-use existing Iu-Flexibility load-sharing procedures to share the load of the old MSC/SGSN between other MSCs/SGSNs available in the pool.
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Figure 1:  Change of CN node in PS domain
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Figure 2:  MO/MT are sent to original CN node

The same applies to CS domain case.

Redistribution of connected mode UEs 

The UTRAN can re-distribute the Release 5 mobiles in Connected Mode through the use of the establishment cause IE in the INITIAL-DIRECT TRANSFER RRC message.

But the Pre-Release 5 UEs cannot use this INITIAL-DIRECT TRANSFER RRC message. For these UEs, the UTRAN shall move them to IDLE mode in order to fallback to previous IDLE mode case where re-distribution will be performed:

· CS call have a short duration compared to transient phase prior to CN node restart so that UE with only CS calls should come to IDLE mode on their own

· PS call (nRT and RT) are also limited in duration so that UE is moved to IDLE mode after a certain time:
· In case of nRT call, the user inactivity can be detected in the RNC after a reasonable time, compared to the time allowed for the transient phase prior to restart. When the user inactivity is detected, the UE is moved into IDLE mode, so above section applies. If there is an Iu-PS connection, the UE is forced to the IDLE mode via a Iu Release Request initiated by the RNC and followed by an Iu Release Command which trigger a RRC Release towards the UE.

· In case of RT call, it is expected that user application will remove the bearer in case of user inactivity after a reasonable time allowed for the transient phase prior to restart.
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Figure 2:  User inactivity moves UE to IDLE mode

2.2 GERAN Access

For CS domain, the same principle as for UTRAN applies: the BSC discriminates MO/MT from LAU based on RR cause present in the CHANNEL REQUEST message.

For PS domain, whereas the BSC can make the distinction between MO calls, response to paging and MM/SM message (for the two phase access of mobiles), the BSC cannot make the distinction between SM and MM messages. As a consequence, the BSC can only route all the messages to the old SGSN.

In order to allow a smooth change to a new SGSN, it is suggested that, for Gb case, the old SGSN modifies the NRI to a “null” value via a P-TMSI Reallocation Command/Complete procedure with the UE and accept the RAU Request and can provide a new lower Periodic RAU timer value to the UE so that the UE re-initiates the RAU as soon as possible. The new RAU Request will then be routed by the BSC to a new SGSN (selected based on normal Gb Flex load sharing principle). This “null” NRI value is unique and does not mandate knowledge of other CN nodes NRI ranges (No reconfiguration to be performed when adding new CN nodes because only one NRI value is needed anyway).

2.3 Gs interface impact

In a network without Gs interface, removal of some load in  one CN domain node will be done independently of the another CN domain node.

In a Gs enabled network:

· Removal of some load on the SGSN will be handled as without Gs interface,

· Removal of some load on the MSC/VLR will be handled by the SGSN which will move UEs to a new MSC/VLR smoothly during combined RA/LA Update procedure:

· When a SGSN has a Gs association towards a Source MSC for which some load has to be removed, the MSC is known by the associated SGSN (via OAM in SGSN) and another MSC is specified to the SGSN to be used instead (via OAM in the SGSN)

· at reception of the combined RA/LA update procedure, the SGSN forwards the location update request to a new MSC.
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Figure 3: Move to a new MSC in case of source MSC load removal

Note1: this solution can apply for RAN-centric or CN-centric approaches.

Note 2: with the current standard, the SGSN uses an "IMSI hash" to select a MSC in a MSC pool. Hash table or hash table usage has to be modified in order not to consider the MSC under restart procedure. This is implementation dependent.
Conclusion and Proposal 

The main advantage of this RAN centric solution against CN centric solution is that it reuses existing procedures, as well as load re-balancing capabilities of the RAN (Iu/Gb Flexibility capability) and has no impact on the MSC and on any interface.

Other advantages are:

· Only one “null” NRI value is needed (no need of a range)
· CN do not need to know load of other CN nodes (which could be a nightmare in a multi-vendor environment and contradict the RAN load sharing mechanism) and to implement a “load sharing” mechanism: the existing mechanism in RAN is re-used

· A dynamic load sharing approach is used as the RAN knows load of each CN node available

· Re-balancing of load can be done amongst multiple other CN nodes, not only one, via re-use of existing RAN Iu Flexibility feature

It is proposed to adopt the RAN centric approach described in this document and to describe it in appropriate specifications.
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