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1. Introduction

When a network operator using pooling wants to remove load from one CN node for example as a preparation for scheduled off-line maintenance, or for load balancing purposes when a new node has been introduced into the network, this can be done from the CN node using existing mechanisms and behaviour in RAN and Terminals. This document describes how this would work, what differences there are in the CS & PS domains, and what specifics Gs enabled networks brings. The existing mechanisms used in terminals are summarized and re-distribution in Shared Networks is described.      

Issues with this solution are listed and resolutions are proposed. They work for both GSM and WCDMA. 

2. Description of Solution

In general the solutions described below rely on assigning a P-TMSI / TMSI to a mobile that contains the NRI of the target CN node to which we want the mobile to move. In a very short timeframe the mobile will also through different means be forced to contact the network again thus allowing the RAN to re-direct the mobile to the target CN node. In a Gs enabled network, the MSC will indicate to the SGSN that a mobile is to be moved and to which target MSC. The SGSN will then initiate a change of serving MSC.

Each CN node in the pool knows the NRIs of all CN nodes in the pool. When a CN node assigns a P-TMSI / TMSI of another CN node a clash may occur in the target node, which mustn’t but should be avoided. There are different possibilities for avoiding that, for example either by having specific NRIs only used for moving mobiles, or by having a specific bit in P-TMSI / TMSI which is set when a mobile is moved. It must be further investigated which method is preferred. In the text below it has for simplicity been assumed that a specific bit (flag) is used, but other methods may also be used.      

2.1 CS Domain 

In the solution proposed for CS domain, the Source MSC may re-distribute an arbitrary part of its registered subscribers towards a Target MSC. If the Source MSC decides at reception of a Location Update Request message that this particular subscriber shall be re-distributed to the Target MSC, then it will allocate a TMSI containing NRI of the Target MSC and the move flag set, using the TMSI Reallocation Command/Complete procedure and then reject the Location Update with the dedicated cause code #17 (Network Failure). According to 3GPP TS 24.008, chapter 4.4.4.9 case (g), if the UE has not moved (same LA), then the UE would send another Location Update Request containing the new TMSI after expiry of T3211 (15 seconds). RAN will route this request to the Target MSC based on the NRI in the new TMSI, see figure 1.
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Figure 1:  UE move procedure in CS domain

2.2 PS Domain

A redistribution of UEs from a source to a target SGSN is initiated by command. The goal could e.g. be to empty the Source SGSN or to re-balance the load after node start-up of the Target SGSN. The context move procedure for an individual UE is then triggered at Attach Request and Intra-SGSN Routing Area Update Request from the UE. The procedure at Intra-SGSN Routing Area Update Request is illustrated in figure 3. 

Unlike in CS domain, in PS domain contexts need to be moved from source to target CN node. The Target SGSN must therefore know the Source SGSN. This may be indicated by encoding the NRI of the Source SGSN as a second NRI in the P-TMSI. For P-TMSIs used for re-distribution, this can be done outside the normal bit-range used for NRI encoding (bit 23-14), see figure 2. When the Move flag is set (or reserved NRIs for moved UEs is used) the Source NRI can be coded into the P-TMSI without risk for clashes.
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Figure 2: Coding of P-TMSI (example)
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Figure 3: Context move procedure in PS domain
1. An Intra-SGSN RAU is received from an UE. If the number of UEs whose contexts are to be moved is not yet reached then the NRI of the source and target SGSN is inserted in the P-TMSI that is sent in the RAU Accept message to the UE. A Move flag is furthermore set in the P-TMSI to indicate to the target SGSN that this UE’s context is in the process of being moved. The periodic RAU time is set to a very low value in the RAU Accept message to the UE. 

2. A periodic RAU is received in the target SGSN. If the UE is not known in the target SGSN, and the received RAI indicates an RA within the Pool Area, and the P-TMSI contains a valid NRI in the “source SGSN NRI part” and the Move flag is set, then it is concluded that this UE’s context is in the process of being moved.

3. For an UE’s context that is in the process of being moved the ID of the source SGSN is extracted from the “source SGSN NRI part” and a regular ISRAU is performed. The UE’s context is fetched from the source SGSN by sending an SGSN Context Request message. The location is updated by sending a Location Update to the HLR.

4. When the source SGSN receives a Cancel Location from the HLR for an UE whose context is in the process of being moved, the procedure is concluded.

An Attach Request is handled in a similar way.

2.3 Specifics in Gs Enabled Network

When the network is supporting the Network Operation Mode I, the combined mobility management procedures for non-GPRS services are handled by SGSN and the Gs interface.

The Source MSC is the MSC that “donates” subscribers to Target MSCs.  The following principles also apply when removing load from a MSC pool member in a GS enabled network:  

1. The Source MSC has full control of which subscribers should be moved or not. The Source MSC informs the SGSN of subscribers that should be moved indicating the Target MSC.  

2. Only subscribers in idle mode are moved out of the Source MSC in order to avoid disturbances in non-GPRS services (CS).

In order to re-use the existing procedures and to minimize the signaling through the radio network, there are two procedures to drive the re-distribution of the subscribers from a Source MSC to a Target MSCs: 

· Combined RA/LA Update procedure (new LA)
· Internal supervision in the Source MSC
Combined RA/LA Update procedure

SGSN has a Gs association towards the Source MSC. The move of subscribers out of the Source MSC (to Target MSC) is triggered by combined RA/LA update procedures when the subscribers move to new location areas.  The SGSN forwards the location update request to Source MSC. The Source MSC checks if this specific subscriber should be moved or not. If the subscriber should be moved, the location update is rejected and it contains the information that the subscriber should be moved to a defined Target MSC. SGSN performs the attach procedure towards the Target MSC.

This procedure will re-distribute the subscribers that are moving around into new location areas. The subscribers that are more stationary are not affected.   
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Figure 3:  Flow of events driven by the combined RAU request 
The following is the flow of events:

1. When SGSN receives the combined RAU REQUEST (IMSI attach/LAU request), the SGSN may have a Gs association to Source MSC for this UE. If there is a Gs association to Source MSC, (e.g. subscribers roaming within the MSC pool area) SGSN sends a BSSAP+-LOCATION-UPDATE-REQUEST to the source MSC as usual.

2. MSC invokes the necessary function to decide if this specific subscriber should be moved or not. If the subscriber should be moved, a suitable Target MSC is selected. The Source MSC sends a BSSAP+-LOCATION-UPDATE-REJECT (new IE with the identity of the target MSC).

3. SGSN sends a BSSAP+-LOCATION-UPDATE-REQUEST (IMSI attach) to the Target MSC. 

4. The Target MSC performs the attach procedure as usual. The BSSAP+-LOCATION-UPDATE-ACCEPT with the new TMSI is sent to the SGSN.  

5. The Gs association to the Target MSC is created. The RAU ACCEPT with the new TMSI is sent back to the UE. 

6. Now all the mobile originated transactions to this subscriber are directed to the Target MSC.

Internal supervision in the Source MSC
In order to force the re-distribution (out of the Source MSC) of the subscribers that are more stationary, it is proposed to have a monitoring function in the MSC. The monitoring in the Source MSC scans the Gs associations to identify a subscriber that should be moved. When the Source MSC finds a subscriber that should be moved, it selects a suitable Target MSC. The Source MSC sends a detach request (IMSI, re-attach required, new IE with the identity for the Target MSC) to the corresponding SGSN. The detach request forces the UE to perform an IMSI re-attach. When the UE performs a combined IMSI attach, SGSN performs an IMSI attach to the Target MSC.  
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Figure 4:  Flow of events based on current MSC monitoring
The following is the flow of events. 

1. The Source MSC has an internal monitoring function that periodically scans the Gs associations to identify if there are subscribers that should be re-distributed out of the Source MSC. When a subscriber is found, a suitable Target MSC is selected. The Source MSC sends a “DETACH REQUEST” (IMSI detach, re-attach required, new IE Target MSC identity) to the SGSN defined by the Gs association. The period for the scan and the number of hits (per scan) should be dimensioned to void too much signaling in the network. 

2. SGSN saves the Target MSC. SGSN sends a “DETACH REQUEST” (IMSI detach, re-attach) to the UE.

3. UE processes the DETACH REQUEST (IMSI, re-attach required). Note that the PDP contexts are not affected by the “DETACH REQUEST” where the detach type IE indicates, “IMSI detach” (refer to the TS 24.008 ch 4.7.4.2). A DETACH ACCEPT may be sent to the SGSN. UE starts a procedure to re-attach to non GPRS Service by sending a ROUTING AREA UPDATE REQUEST message indicating “Combined RA/LA updating with IMSI attach”.   

4. SGSN receives the RAU REQUEST. SGSN sends a LAU REQUEST (IMSI attach) to the Target MSC. 

5. The Target MSC performs the “IMSI attach” as usual. A BSSAP+-LOCATION-UPDATE-ACCEPT (new TMSI) is sent to the SGSN. SGSN sends a RAU ACCEPT with the new TMSI to the UE.

6. Now all the mobile originated transactions to this subscriber are directed to the Target MSC.

Note: The DETACH REQUEST is not part of the current version of the BSSAP+. And an IE to identify the target MSC must be defined. The IE is used by the BSSAP+LOCATION-UPDATE-REJECT and BSSAP+DETACH REQUEST. 

2.4 Assumptions on Terminal Behavior

It is assumed that terminal does not delete the latest allocated TMSI if a Location Update is rejected with the reject cause 17 and if the following conditions are fulfilled: “the update status” is UPDATED, and the stored LAI is equal to the one received on the BCCH from the current serving cell and the attempt counter is smaller than 4 (cf. TS 24.008).

For Network Operation Mode I it is assumed that the UE ignores any TMSI received in a RAU accept if it was a periodic update. That is, the UE accepts a new TMSI in the RAU accept if the (combined) RAU request was due to an IMSI attach/new LA. 

2.5   Re-distribution in Shared Networks  

The PS procedure described in this document is initiated in the Core Network, and it is constrained by the NRI distribution in a Shared Network scenario to concern only the nodes within one single Core Network. Thus a Shared Network scenario raises no special considerations.

The same applies for the CS domain.

3. Issues and Proposed Resolutions

3.1 Close-down Residue of Subscribers in CS domain 

When the method described above in subclause “2.1 CS Domain” is applied to remove all registered subscribers from Source MSC in a given time frame, then the following problem might occur. Subscribers who frequently access the network (e.g. for calls, SMS, etc.) will not perform any periodic LU in the given time frame. If these subscribers do not perform any LU procedure for other reasons (change of LA, IMSI attach) in the given time frame, then they will not be re-distributed with the proposed method. It is expected that after a time frame of two to three times the periodic LU timer value the number of subscribers remaining in the Source MSC is rather low. After that time it is proposed to configure the RAN not to route any traffic to Source MSC any more. This implies that for these subscribers MO/MT call attempts will fail until the next LU.  But this problem exists in a RAN centric solution for re-distribution as well.

3.2 Close-down Residue of Subscribers in PS domain

Subscribers that are immobile enough to not perform an Intra-SGSN RAU and at the same time are active enough to prevent the sending of periodic RAU will not be subject to the Context move procedure. They will remain in the SGSN node at shut down of the node if nothing else is performed. In order to remove this potential residue it is proposed that these subscribers are detached by the SGSN and that re-attach is required. When they re-attach the procedure described in subclause 2.2 will be applied thus moving their contexts to the target SGSN.

3.3 Issue with Gs IMSI hash in SGSN and MSC re-distribution

In the current standard when the Gs interface is used for combined attach, the SGSN is using an "IMSI hash" to select a suitable MSC pool member. This makes it possible to re-establish Gs associations e.g. after an SGSN failure. 

The IMSI hash solution does however not work very well together with re-distribution of subscribers between MSCs. It can become complicated to try to keep IMSI hashes in all SGSNs in a pool updated when subscribers are moved back and forth between MSCs. The IMSI hash mechanism was probably not designed to handle such a dynamic scenario.

In general, it is probably very difficult to have a good standard "MSC pool member selection algorithm" that is always able to track in which MSC pool member a subscriber is registered. We cannot use NRI because the RAU request does not contain a TMSI/NRI. RAU request contains only IMSI, P-TMSI.

Solutions for enhancement or replacement of the IMSI hash function are FFS.  

4. Proposal

It is proposed to adopt and further refine the proposed method for load re-distribution.
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