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1 Introduction

In case of pool area configuration, if CN node overloads or performs scheduled maintenance, MSs in this CN node are re-distributed to other CN node in an orderly manner. “RAN Centric + CN Trigger” solution is agreed in SA2#47 meeting. It is CN node to determine and trigger the re-distribution. It is RAN node to select the new CN node. 

Network operation mode is I. The SGSN selects an available MSC/VLR (e.g. according to load balancing) for MS, when MS supporting CS and PS initiates combined GPRS/IMSI attach or combined RA/LA update procedure. If the selected MSC/VLR overloads or performs scheduled maintenance, MS should be re-distributed to other MSC/VLR in the same pool.
This paper introduces how to re-distribute MS via Gs interface.
2 Discussion

2.1 Not Necessary to do Dynamic Load Balancing in Gs
The main purpose of load balancing in Gs interface is to re-distribute MSs when MSC/VLR is overload or performs scheduled maintenance. If dynamic load balancing is done in Iu interface, Gs interface has no need to do dynamic load balancing at all, because Iu interface make the load of MSC/VLRs in the pool is balancing. If Gs interface does dynamic load balancing, SGSN should get load information form MSC/VLR via Gs or OAM interface. This will bring the impacts on SGSN and MSC/VLR.
So, it is not necessary to do dynamic load balancing in Gs. SGSN selects the new MSC/VLR by a selection mechanism, which is implementation specific.
2.2 SGSN Centric + MSC/VLR Trigger
Because SGSN has no load information of MSC/VLR, SGSN can’t decide when to re-distribute MS. So, it should be MSC/VLR to trigger MS re-distribution. MSC/VLR determines to re-distribute MS when the MSC/VLR overloads or performs scheduled maintenance (e.g. restart). MSC/VLR allocates a TMSI with dummy NRI for MS and response a Location Update Accept message to SGSN. On receiving Location Update Accept, SGSN checks the NRI in TMSI. If it is the dummy NRI, SGSN selects a new MSC/VLR for MS. The selection mechanism for new MSC/VLR is implementation specific. Signalling flow in figure1 describe the MS re-distribution.
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Figure1: MS Re-distribution via Gs Interface
Step1: MS initiates the combined procedure. 
Step2: SGSN sends the Location Update Request message to MSC/VLR on follow occasions:
     - combined GPRS/IMSI attach, or
     - GPRS attach while IMSI attached, or
     - combined RA/LA updating, or 
     - combined RA/LA updating with IMSI attach, or
     - periodic updating with changed LAI.
     Before sending the Location Update Request message, SGSN selects a MSC/VLR for MS. If SGSN has 
     MSC/VLR number, SGSN selects SC/VLR indicated by the number. Otherwise, SGSN selects MSC/VLR 
     according to hash value form IMSI.
     Note: If SGSN detects that MS re-distribution is in progress in the MSC, SGSN should send the Location 
          Update Request message to MSC/VLR.
Step3: The old MSC/VLR is overload or performs scheduled maintenance. The MSC/VLR determines to re-distribute MS and allocated a TMSI with dummy NRI. The MSC/VLR sends an Accept message to the SGSN. The new TMSI is included in the message.
Step4: On receiving Location Update Accept, SGSN checks the NRI in TMSI. If it is the dummy NRI, SGSN selects a new MSC/VLR for MS. The selection mechanism for new MSC/VLR is implementation specific. SGSN sends a new Location Update Request message to the new MSC/VLR.

Step5: The new MSC/VLR accepts the request, and allocates a new TMSI with normal NRI. The MSC/VLR sends an Accept message to the SGSN.
Step6:
SGSN checks the NRI in TMSI and find it isn’t the dummy NRI. SGSN allocates a new P-TMSI (if needed), and sends an Accept message to MS.

Step7: If P-TMSI or TMSI was changed, the MS acknowledges the received TMSI(s) by returning an RAU Complete message to the SGSN.
Step8:
If TMSI was changed, the SGSN confirms the TMSI re-allocation by sending a TMSI Reallocation Complete message to the MSC/VLR.
2.3 Detect Dummy NRI and control the Signalling to MSC/VLR
Network operation mode is I. When the MS performs a periodic Routeing Area Update to the SGSN, if LAI not change, the SGSN doesn’t signal to the MSC/VLR (i.e. send Location Update Request message to MSC/VLR). MSC/VLR can’t receive Location Update Request from Gs interface until MS moves to another LA. So, non-moving MS can’t be re-distributed in time, when the MSC/VLR is overloads or performs scheduled maintenance (e.g. restart).

There are three alternatives to solve this problem: 

Alternative1:
SGSN always signal to the MSC/VLR, no matter whether LAI changes or not. The disadvantage is 
   
the increase of signalling in Gs.
Alternative2: 
SGSN signal to the MSC/VLR periodically. For example, a counter is used to control the period. But, 
how long is the proper period?
Alternative3: 
SGSN detects that an MSC/VLR is doing re-distribution by checking that the ‘dummy NRI’ is issued from an MSC/VLR, SGSN signals to the MSC/VLR every time when SGSN receive a periodic RAU Request. 
If ‘dummy NRI’ hasn’t been issued for some configurable period of time, it means the MSC/VLR has stopped MS re-distribution. SGSN stop signalling to the MSC/VLR when SGSN receive a periodic RAU Request and LAI is not changed.
Alternative3 has no impacts on Gs interface, and is more effective then alternative2. It is suggested to adopt alternative3. 
2.3 Signalling Flows for Several Scenes
2.3.1 Only SGSN is overloads or restarts
If only SGSN is overload or restarts, MS is redistributed by SGSN at first. When UE initiates a new RAU, SGSN signals to MSC/VLR. The Iu-flex solution of Iu/A/Gb is used.
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Figure2: Only SGSN Overloads/Restarts
Step1:
MS initiates combined GPRS/IMSI attach or combined RA/LA update by sending Attach/RAU Request 
message to the old SGSN. 

Step2:
The old SGSN overloads or restarts, and decides to re-distribute MS. The old SGSN allocates a new P-TMSI with dummy NRI. The old SGSN sends Attach/RAU Accept with the new P-TMSI and a special “Periodic RA Update Timer”.

Step3: When periodic timer expires, MS initiates a new RAU. The new RAU Request is routed to the new SGSN selected by RNC, because the NRI in RRC message is the dummy NRI. 

Step4:
The new SGSN selects a MSC/VLR according to MSC/VLR number if SGSN has the number. If SGSN has no MSC/VLR number, SGSN selects MSC/VLR according to hash value form IMSI. SGSN sends a Location Update Request to the MSC/VLR (i.e. MSC/VLR1), LAI, IMSI and SGSN Number are included in the message.

Step5:
MSC/VLR accepts the LAU request, allocates a TMSI with normal NRI and responses a Location Update Accept to SGSN.

Step6:
SGSN checks TMSI in Location Update Accept, and find the NRI in TMSI isn’t the dummy NRI. SGSN allocates a new P-TMSI, and sends a Attach/RAU Accept message to MS.

Step7:If P-TMSI or TMSI was changed, the MS acknowledges the received TMSI(s) by returning an RAU Complete message to the SGSN.
Step8:
If TMSI was changed, the SGSN confirms the TMSI re-allocation by sending a TMSI Reallocation Complete message to the MSC/VLR.
2.3.2 Only MSC/VLR overloads/restarts
If only MSC/VLR is overloads or restarts, signalling flow in figure1is used.
2.3.3 Both SGSN and MSC/VLR Overload
The signalling flow is composed of two parts, when both SGSN and MSC/VLR overload. Part1: SGSN overload and MS is re-distributed to the new SGSN. Part2: MSC/VLR overload and MS is re-distributed to the new MSC. 
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Figure3: Both SGSN and MSC/VLR Overloads/Restarts
Note: Actually, the probability that both SGSN and MSC/VLR overload or restart is extremely low.
3. Conclusion

It is not necessary for Gs interface to do dynamic load balancing. The solution “SGSN Centric + MSC/VLR Trigger” can be used to distribute MS via Gs interface. MSC/VLR triggers re-distributing MS by allocated a TMSI with dummy NRI. SGSN selects a new MSC/VLR and the selection mechanism is implementation specific. SGSN controls the signalling to the MSC/VLR by detecting the dummy NRI issued from MSC/VLR. 
4. Proposal

It is proposed to adopt the solution in this paper to solve the MS re-distribution in Gs interface.
The changes proposed for 23.236 can be found in a separate CR (S2-052144).
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