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1. Introduction
In RAN#58 plenary meeting, a new SI Proposal on RAN Enhancements for UMTS/HSPA and LTE Interworking was agreed in RP-122036 [1]. In previous RAN3 meetings, possible scenarios for UMTS/LTE interworking were discussed, and finally three main deployment scenarios were agreed and captured in the TR 37.852. One of the scenarios was that both RAT (UMTS and LTE) have the full coverage, while the coverage is provided by an MSR base station. In addition, as captured in the TR37.852, Inter-RAT Connected Mobility is one of the directions for the possible enhancements.
In this paper, it gives some analysis on possible mobility enhancements based on MSR Base station deployment scenario.
2. Discussion
Many nodes and messages are involved in E-UTRAN to UTRAN inter-RAT handover procedure, which may lead to considerable latency in inter-RAT handover. The same issue also exists in UTRAN to E-UTRAN handover. Therefore, one of the requirements in the TR 37.852 is to address the issue of latency:
The enhancement /optimization should reduce latency except backhaul when compared with any existing standard mechanism.
Generally, the handover latency could be decreased by reducing the number of signalling of handover or by making some procedures of handover proceeding in parallel. In the scenario 3a, where the target cell and source cell are in the same MSR station, the target node could get handover request information through intra-node information exchange, even before the handover request is received from CN. Thus it may be possible to prepare the radio resources in target node in advance while the handover required and relocation procedure is on the road. In the following sections, it discusses the possible enhancements for inter-RAT handover in detail.
2.1 Soultion 1
This solution is applicable for the scenario 3a.The enhancement is applicable for handover from E-UTRAN to UTRAN. 
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Figure 2 E-UTRAN to UTRAN handover procedure optimization
Successful Case description:

(Note: The procedure which is the same as legacy procedure is not depicted below. )
Step 0, 1: Source eNB decides to initiate an inter-RAT handover to a UTRAN target cell in the same MSR station, and then sends a new message with S2T container including the C-RNTI and E-RAB list for handover to target RNC by Iub to request preparation of radio resource in advance. Upon reception of pre-preparing request, the RNC could map the E-UTRAN Qos to UTRAN Qos and then initiate Radio Link Setup procedure (step 4 and 5) to prepare the radio resource before receives the Relocation Request message in step 3. Meanwhile, the source eNB sends Handover Required message to MME including a new indication for pre-prepared target radio resources and source C-RNTI in S2T container. The C-RNTI will finally be delivered to target RNC in S2T container in step3 so that RNC could associate the Relocation Request procedure to the prepared resources triggered by step 0.
Step 2: Upon reception of Handover Required message with an indication for pre-preparing of target radio resource, the MME assumes that radio resources have been ready in the target RNC, and send Forward Relocation Request message to SGSN with nas-SecurityParamFromEUTRN, therefore MobilityFromEUTRAComand could be sent to UE in advance. (In E-UTRAN to UTRAN handover procedure, the nas-SecurityParamFromEUTRN is generated by MME and is used to deliver the key synchronisation and Key freshness as specified in TS 33.401. The eNB needs to include the nas-SecurityParamFromEUTRN and radio resource configuration generated by source RNC to UE in HOtoUTRANCommand, therefore including nas-SecurityParamFromEUTRN in Relocation Request message instead of in HandoverCommand message will help the eNB to provide MobilityFromEUTRAComand to UE in advance.)
Step 3: Upon reception of the nas-SecurityParamFromEUTRA and S2T container with C-RNTI forwarded by The SGSN, the RNC associates the pre-prepared resources to the Relocation Request procedure by the C-RNTI and uses pre-prepared resources in setup 4&5 to construct T2S container of HOtoUTRANCommand.

Step 6&6a: After construction of HOtoUTRANCommand, a relocation request ACK is sent back to SGSN as legacy. Meanwhile, the HOtoUTRANCommand ,C-RNTI and nas-SecurityParamFromEUTRA are sent back to eNB by Iub so that the eNB could initiate step 9 to send MobilityFromEUTRAN Command message to the UE indicated by C-RNTI in advance before step 8.

Failure Cases:
If the EPC or the target SGSN is not able to accept any of the bearers or a failure occurs during the Handover Preparation, the target RNC will not receive the Relocation Request for this UE, and could release the prepared resources based on a timer in implementation, or as alternative, the eNB could indicate to RNC to drop prepared resource by Iub when source eNB received HANDOVER PREPARATION FAILURE message from MME.
In case of RAB Qos are modified or partially rejected by SGSN during Handover Preparation, the RNC could drop the prepared resources and assign new resources for the requested RAB, or as alternative, RNC could still perform handover based on prepared resources and then modify the RB configurations according to the requested RAB in Relocation Request after handover.
Benefits analysis:

· Latency reduction in resource preparation phase
In the solution, the resource preparation procedure between RNC and NodeB (step 4 and 5) proceed with Relocation required and Relocation Request procedure in parallel, thus when the Relocation Request is received in RNC, the resources preparation procedure has been completed, thus the latency for setup 4 and 5 is saved comparing to legacy handover procedure.
· Latency reduction in handover execution phase
In the solution, the MobilityFromEUTRACommand message could be sent to UE once 6a is received in eNB. In the legacy procedure, MobilityFromEUTRACommand message will not be sent until Handover Command (step 8) is received. That is to say, with the introduction of message 6a, the latency for step 6, 7, 9 are saved. Supposing the latency for message 6A and message 8 is equivalent, thus the reduced latency could be the latency for step 6 and step 7.
In summary, from the time UE reporting target UTRA cell to the time UE receiving MobilityFromEUTRACommand message, the total latency could be reduced in this solution is the time cost for step 4, 5, 6, 7.
2.2 Soultion 2
This solution is applicable for the scenario 3a.The enhancement is applicable for handover from UTRAN to E-UTRAN. 
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Figure 3 UTRAN to E-UTRAN handover procedure optimization
Successful Case:

(Note: The procedure which is the same as legacy procedure is not depicted below. )
Step 1: Source RNC decides to initiate an inter-RAT handover to an E-UTRAN target cell in the MSR station, the RNC sends Relocation Required to SGSN including U-RNTI of the UE in source RNC in S2T container. The U-RNTI will finally be delivered to source RNC in step 4a so that RNC could associate the RRC Reconfiguration message form eNB to the UE preparing handover.
Step 4&4a: Upon reception of handover request message from MME, the eNB prepares the radio resources and constructs the RRC Reconfiguration message into T2S container for handover, and then includes the container in the Handover Request ACK message (4) to MME as legacy, meanwhile, eNB sends the RRC Reconfiguration message (4a) as well as the U-RNTI for the UE to RNC, so that RNC could sends HandoverCommandFromUTRAN to the UE indicated in the U-RNTI as long as receive 4a directly from target eNB, which is before reception of Relocation Request from SGSN.
Benefits analysis:

In the solution, the HandoverCommandFromUTRAN message could be sent to UE once 4a is received in RNC. In the legacy HandoverCommandFromUTRAN message will not be sent until Handover Command (step 6) is received. That is to say, with the introduction of message 4a, the latency for step 4, 5, 6 are saved. Supposing that the latency for message 4A and message 4 is equivalent, the latency reduced in this solution could be the time cost for step5 and step 6.
Proposal 1: It is proposed to agree and capture soution 1 and 2 for the MSR BS mobility enchanements into the TR.
3. Conclusion
In this contribution, we made some analysis on possible mobility enhancements based on MSR Base station deployment scenarios. It is kindly asked RAN3 to discuss and agree on the following proposals:
Proposal 1: It is proposed to agree and capture soution 1 and 2 for the MSR BS mobility enchanement into the TR.
4. References
[1] RP-122036, New SI proposal: RAN Enhancements for UMTS/HSPA and LTE Interworking, China Unicom
Annex – Text proposal
7.2
Inter-RAT Connected Mobility

7.2.1         MSR BS Mobility Enhancements
7.2.1.1 Description
Many nodes and messages are involved in the present inter-RAT handover procedure, which may lead to considerable latency during inter-RAT handover. Generally, the handover latency could be decreased by reducing the number of signalling of handover or by making some procedures of handover proceeding parallel. In the scenario 3a of MSR deployment, it is possible to make some procedures of handover proceeding parallel due to information shared in the MSR station. In this section some solutions addressing the handover latency reduction by making some procedures of handover proceeding parallel are presented for the scenarios 3a MSR deployment. 
7.2.1.2         Solutions
7.2.1.2.1         Option 1

This solution is applicable for the scenario 3a.The enhancement is applicable for handover from E-UTRAN to UTRAN. 
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Figure 2 E-UTRAN to UTRAN handover procedure optimization
Successful Case description:

(Note: The procedure which is the same as legacy procedure is not depicted below. )
Step 0, 1: Source eNB decides to initiate an inter-RAT handover to a UTRAN target cell in the same MSR station, and then sends a new message with S2T container including the C-RNTI and E-RAB list for handover to target RNC by Iub to request preparation of radio resource in advance. Upon reception of pre-preparing request, the RNC could map the E-UTRAN Qos to UTRAN Qos and then initiate Radio Link Setup procedure (step 4 and 5) to prepare the radio resource before receives the Relocation Request message in step 3. Meanwhile, the source eNB sends Handover Required message to MME including a new indication for pre-prepared target radio resources and source C-RNTI in S2T container. The C-RNTI will finally be delivered to target RNC in S2T container in step3 so that RNC could associate the Relocation Request procedure to the prepared resources triggered by step 0.

Step 2: Upon reception of Handover Required message with an indication for pre-preparing of target radio resource, the MME assumes that radio resources have been ready in the target RNC, and send Forward Relocation Request message to SGSN with nas-SecurityParamFromEUTRN so that MobilityFromEUTRAComand could be sent to UE in advance. (In E-UTRAN to UTRAN handover procedure, the nas-SecurityParamFromEUTRN is generated by MME and is used to deliver the key synchronisation and Key freshness as specified in TS 33.401. The eNB needs to include the nas-SecurityParamFromEUTRN and radio resource configuration generated by source RNC to UE in HOtoUTRANCommand, therefore including nas-SecurityParamFromEUTRN in Relocation Request message instead of in HandoverCommand message will help the eNB to provide MobilityFromEUTRAComand to UE in advance.)

Step 3: Upon reception of the nas-SecurityParamFromEUTRA and S2T container with C-RNTI forwarded by The SGSN, the RNC associates the pre-prepared resources to the Relocation Request procedure by the C-RNTI and uses pre-prepared resources in setup 4&5 to construct T2S container of HOtoUTRANCommand.

Step 6&6a: After construction of HOtoUTRANCommand, a relocation request ACK is sent back to SGSN as legacy. Meanwhile, the HOtoUTRANCommand ,C-RNTI and nas-SecurityParamFromEUTRA are sent back to eNB by Iub so that the eNB could initiate step 9 to send MobilityFromEUTRAN Command message to the UE indicated by C-RNTI in advance before step 8.

Failure Cases:

If the EPC or the target SGSN is not able to accept any of the bearers or a failure occurs during the Handover Preparation, the target RNC will not receive the Relocation Request for this UE, and could release the prepared resources based on a timer in implementation, or as alternative, the eNB could indicate to RNC to drop prepared resource by Iub when source eNB received HANDOVER PREPARATION FAILURE message from MME.

In case of RAB Qos are modified or partially rejected by SGSN during Handover Preparation, the RNC could drop the prepared resources and assign new resources for the requested RAB, or as alternative, RNC could still perform handover based on prepared resources and then modify the RB configurations according to the requested RAB in Relocation Request after handover.
7.2.1.2.2         Option 2

This solution is applicable for the scenario 3a.The enhancement is applicable for handover from UTRAN to E-UTRAN. 
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Figure 3 UTRAN to E-UTRAN handover procedure optimization
Successful Case:

(Note: The procedure which is the same as legacy procedure is not depicted below. )
Step 1: Source RNC decides to initiate an inter-RAT handover to an E-UTRAN target cell in the MSR station, the RNC sends Relocation Required to SGSN including U-RNTI of the UE in source RNC in S2T container. The U-RNTI will finally be delivered to source RNC in step 4a so that RNC could associate the RRC Reconfiguration message form eNB to the UE preparing handover.

Step 4&4a: Upon reception of handover request message from MME, the eNB prepares the radio resources and constructs the RRC Reconfiguration message into T2S container for handover, and then includes the container in the Handover Request ACK message (4) to MME as legacy, meanwhile, eNB sends the RRC Reconfiguration message (4a) as well as the U-RNTI for the UE to RNC, so that RNC could sends HandoverCommandFromUTRAN to the UE indicated in the U-RNTI as long as receive 4a directly from target eNB, which is before reception of Relocation Request from SGSN.
7.2.1.2.n         Option n
7.2.1.3         Evaluations and comparisons
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