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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.
Several solutions have been presented at SA2#45, #46 meeting and during SA2 conference calls. 

This paper introduces a problem about the load balancing and Huawei provides a suggestion.
2 Discussion
2.1 What’s the problem
Two methods below may be used to indicate UE to initiate a new RAU as quickly as possible:
- Method1: Non-broadcast RAI is used in RAU Accept
- Method2: Source SGSN set the periodic RA timer in RAU Accept to a very low value
Method1 is described as an example below:
After first RAU is over, SGSN initiates Iu release. UE compares non-broadcast RAI with RAI in system message and initiate a new RAU in parallel. Two cases below will happen:
    Case1: UE initiate new RAU before Iu release, or
    Case2: UE initiate new RAU after Iu release

Note: Idle UE initiates RAU and generally only connects PS domain. This paper is mainly analyzing that UE has 
only one CN domain.
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Figure1: UE initiate new RAU before Iu release

Description of figure1:

Step1: RRC connection is setup before UE initiates RAU, because idle UE has no RRC connection.

Step2: UE sends a RRC message INITIAL DIRECT TRANSFER to RNC; A ‘RAU Request’ message is included.

Step3: RNC routes ‘RAU Request’ to source SGSN by sending a INITIAL UE MESSAGE. Iu connection is established at same time.
Step4 and 5: UE will be re-distributed. Source SGSN set non-broadcast RAI in RAU Accept and sends it to UE.

Step6: On receiving RAU Accept, UE saves non-broadcast RAI and compare it with RAI in system message 
Step7: UE sends a UPLINK DIRECT TRANSFER instead of INITIAL DIRECT TRANSFER to RNC, because NAS signalling connection to SGSN exists. A new ‘RAU Request’ message is included in UPLINK DIRECT TRANSFER.
Step8: Because Iu connection has not been released, RNC routes the new ‘RAU Request’ message to source SGSN by sending DIRECT TRANSFER message.
Problem is that --- although UE initiates a new RAU, but RAU request isn’t routed to target SGSN, but to source SGSN. UE can not be re-distributed to target SGSN at all.
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Figure2: UE initiate new RAU after Iu release

Description of figure2:

Step1 to Step5: Same as firure1

Step6: Source SGSN indicates RNC to release Iu connection by sending a IU RELEASE COMMAND message. Note: IU RELEASE COMPLETE message from RNC to SGSN is omitted in figure2.
Step7: Iu release triggers RNC to release RRC connection.
Step8: UE compares non-broadcast RAI and RAI in system message. 
Step9 and Step10: Same as step 1 and 2 in figure1.
Step11: RNC selects target SGSN and routes ‘RAU request’ to the target SGSN by sending a INITIAL UE MESSAGE.

Step12: Target SGSN allocates a new P-TIMSI. Target SGSN sends RAU Accept including the new P-TMSI.
Step13: Target SGSN initiate Iu release.

Step14: RNC release RRC connection.

Problem is that --- the interval between two RAU procedures is very short. RRC connection is setup and release twice in this short time. This wastes radio resource, e.g. common channel resource, and occupy CPU in RNC and Node B.
For the method2:

If source SGSN set the periodic RA timer in RAU Accept to a very low value, how long should the timer be set?
   -  If timer is too short, UE initiate new RAU before Iu release, the new RAU Request will be routed to source 
      SGSN, because old Iu connection exists.
   -  If timer is a little later than Iu release, RRC connection is setup and release twice in a short time.
   -  If timer is long time late than Iu release, UE can’t be redistributed to target SGSN in time.
2.1 Solution
Principle: SGSN determines a proper short periodic RA timer to guarantee that UE initiate the new RAU after Iu release, and RNC doesn’t release RRC.
SGSN set the periodic RA timer in RAU Accept to a proper low value in RAU Accept. UE initiates the new RAU after this short periodic time. A new cause value is added in IU RELEASE COMMAND. This cause value indicates RNC to release Iu connection but remain RRC connection. When RNC receive IU RELEASE COMMAND, RNC starts a timer and waits for the new INITIAL DIRECT TRANSFER. If timer expires but no INITIAL DIRECT TRANSFER, RNC release RRC connection.
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Figure3: SGSN initiate RNC to release Iu but remain RRC connection
Description of figure3:

Step1 to Step3: Same as step1 to step3 in figure1.

Step4: Source SGSN set dummy NRI in P-TIMSI allocated for UE.

Step5: SGSN sends a RAU Accept to UE, P-TMSI and a short periodic RA timer are included.

Step6: Source SGSN indicates RNC to release Iu connection by sending a IU RELEASE COMMAND message. 
Cause value is set to ‘UE re-distribution’.

Step7: On receiving IU RELEASE COMMAND including a new cause value ‘UE re-distribution’, RNC release resource of Iu connection and feed back a IU RELEASE COMPLETE. RNC doesn’t release RRC connection.

Step8: RNC sends a SIGNALLING CONNECTION RELEASE message to UE, indicating UE that NAS connection (Iu connection) has been release. RNC starts a timer, if time expires and no INITIAL DIRECT TRANSFER message, RNC initiate RRC release.  Note: If RNC does not send SIGNALLING CONNECTION RELEASE to UE, the new RAU request message will be included in RRC message UPLINK DIRECT TRANSFER; 2)
Step9: The short periodic RA timer expires.

Step10 to Step14: Same as step10 to step14 in figure2.
Note: Target knows source SGSN address by dummy NRI.
3. Conclusion

UE should initiates the new RAU after signalling connection (namely Iu connection) has been released. And the interval between two RAU should be as short as possible. It’s better to avoid RRC connection is setup and released twice in a short time.
The solution in this paper is a suggestion. Maybe, there are other more suitable solutions.
4. Proposal 

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