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LG Electronics
1 Introduction

According to 802.16m System Requirement Document [1], IEEE 802.16m shall support Multi-RAT operation (e.g. IEEE 802.11, 3GPP GSM/EDGE, UMTS WCDMA, LTE, and 3GPP2 CDMA2000 etc.). It also specifies that IEEE 802.16m shall provide service continuity during inter-RAT handover. In order to do that, 802.16m has to provide necessary procedures for inter-RAT handover. 
In this contribution, we propose a high level handover procedure for Multi-RAT operation. 
2 Inter RAT Handover Procedure
The proposed inter RAT handover procedure can be categorized into three phases: HO preparation, HO execution, and HO completion. First, the HO preparation is a stage where MS performs necessary procedures in order to make a decision on handover initiation. Second, the HO preparation stage includes procedures, such as Network discovery and selection and pre-registration. Finally, the HO execution is a stage where MS performs handover procedures with serving BS in order to commence handover. HO related control signal exchange and context transfer are parts of the HO execution procedures. HO completion is a stage where MS performs handover procedures in order to complete the handover. Successful accesses to target RAT and resource release of MS are part of this procedure.  
2.1 Handover preparation
2.1.1 Inter-RAT capability notification & negotiation
IEEE 802.16m BS shall notify what types of inter-RAT handovers are supported to MS. 
MS’s capabilities for inter-RAT operation shall be negotiated with BS during network entry. Following capabilities can be negotiated with BS: 
· Identification of possible support for inter radio access function by the MS 

· Identification of non-802.16m radio access technology (e.g. IEEE 802.11, 3GPP GSM/EDGE, UMTS WCDMA, LTE, and 3GPP2 CDMA2000 etc.) supported by the MS

· Identification of single or dual radio operation support by MS
2.1.2 Network Discovery and Network Selection (NDNS)

The NDNS is a phase where MS can acquire information of other RAT networks in order to select candidate target RAT networks for inter-RAT handover. MS can use either passive or active NDNS to discover and select other RAT to handover. 
For passive handover, 802.16m BS shall transmit other RAT information to MSs through broadcast channel at predetermined schedule in order to facilitate Inter RAT discovery.
MS shall be able to discover other RAT in an active manner. MS tunes to other RAT radio and scans neighbor other RAT cells. MS can also perform NDNS with combination of the passive and active discovery. After receiving other RAT information, MS can search other RAT in an expedited manner using pre-acquired other RAT information. 
For a single radio MS, scanning gap for other RAT search shall be configured by BS in order to minimize the disconnection time with the BS. However, scanning gap scheduling is not required for a dual radio operated MS because MS can turn on the other RAT radio simultaneously and perform scanning with them. 
After completion of scanning, MS may report scanning results on the target network. Both periodic and event triggered report can be considered. 

Figure 1 shows the procedures where MS performs other network topology information acquisition and scans other RAT network prior to executing the handover from 802.16m network to other RAT network.
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Figure 1. Inter RAT Network Topology Acquisition & Scanning procedure.
The baseline procedure is: 
1. MS can acquire other RAT network topology information from the Serving BS. MS decodes BCH of 802.16m Super Frame Header in order to discover whether other network topology information is included in the current super frame. 
2. MS scans other RAT Cells when the scanning trigger condition is met. MS may scan other RAT cells when signal quality of the serving cell drops below the Inter RAT scanning threshold. 
3. MS transmits Scanning Request message to request scanning interval scheduling for other RAT cells scanning and receives Scanning Response message including scan interval and interleaving interval.
4. MS can discover the pre-registration capability of the other target RAT networks either by scanning target RAT networks or by receiving other RATs information from the serving BS. 
2.1.3 Pre-registration
The pre-registration procedure enables MSs to pre-register to inter radio target system prior to handover. It reduces time for the registration required during handover. The serving BS shall deliver pre-registration capability of target RATs. Pre-registration can be initiated based on pre-configured conditions. 
Figure 2 shows the pre-registration procedures prior to handover execution.
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Figure 2. Inter RAT Pre-registration baseline procedure (HO preparation phase).
The baseline procedure is:

1. Based on scanning results and/or inter-RAT handover policy, MS makes a decision to pre-register candidate other RAT. 
2. MS initiates the pre-registration procedure. When pre-authentication is supported by the target RAT pre-authentication can be performed during the pre-registration procedure. 

3. MS performs the pre-registration with target cell after successfully finishing the pre-authentication. 
2.2 Handover Execution & Completion
Figure 3 shows the inter RAT handover decision and execution procedure. It is assumed that pre-registration of MS to target RAT prior to handover is completed prior to handover execution. 
If Inter RAT handover trigger condition is met, the MS makes a decision to handover to other RAT. 
Once the MS sends inter RAT handover indication to the BS, the MS may switch over to target radio. After target network entry is completed, the MS would conduct additional procedure for the target network access and begin receiving data packets over the target network.
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Figure 3. Inter RAT HO baseline procedure (HO execution & HO completion phase).
The baseline procedure is:
1. If Inter RAT handover trigger condition is met, the MS makes a decision to handover to other RAT. When there exists a pre-registered target RAT, MS shall try to perform handover to the pre-registered RAT. 
2. MS sends and receives 802.16m handover signaling messages (HO-REQ, HO-RSP, HO-IND) for handover from 802.16m network to target network.
3. Target network receives DL packets from serving network.

4. MS switches over to the target network radio.
5. MS performs the target radio specific access procedure.
6. 802.16m serving cell releases the resource of MS. 
3 Conclusion
In this contribution we propose a high level inter RAT handover procedure to support Multi-RAT operation. Through proposed handover procedures, HO preparation, execution and completion, 16m MS can perform handover to other RAT. Details to support service continuity during inter-RAT handover shall be updated during Stage 3.
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