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1. Introduction

The high-level principles agreed for inter-RAT handover procedure from LTE-ACTIVE state to CELL_DCH state is captured in RAN2 TR [1] clause 9.2. Considering that initial E-UTRAN coverage will be sparse and overlaid on existing UTRAN coverage, we expect the probability of the handover from E-UTRAN to UTRAN would be more frequent than handover from UTRAN to E-UTRAN. Therefore, it is very crucial to have good handover procedure from E-UTRAN to UTRAN. 
Previous contributions [4] and [5] discussed U-plane issues of inter-RAT handover procedure (e.g. data-forwarding and deciphering of forwarded PDUs). This contribution examines the C-plane AS related aspects in the initial phases of the inter-RAT handover procedure in E-UTRAN to UTRAN direction, specifically, context exchange and inter-RAT measurement aspects.
Corresponding aspects on inter-RAT handover in UTRAN to E-UTRAN is not discussed in this contribution. 
2. Context Exchange Aspects

In the end-to-end inter-RAT handover preparation sequence, numerous contexts will need to be exchanged between UE, E-UTRAN, evolved packet core network, SGSN and UTRAN.  However, in this document we focus on discussing transfer of context elements involving UE.

2.1 Security Aspects

In order to maintain communication during inter-RAT handover from GERAN to UTRAN in a continuous ciphered mode, the START value (i.e. STARTPS in INTER-RAT HANDOVER INFO message) of UTRAN is transferred in GERAN as a context during the handover. This START value would be used by UTRAN and UE to initialise COUNT-I and COUNT-C for integrity protection and ciphering algorithms.
It is important that UE is able to encrypt its first message after handover to UTRAN (i.e. HANDOVER COMPLETE message) in case also from LTE. Therefore, this START value should also be synchronized initially so that UTRAN is able to decrypt the first message. 

Proposal 1: It is proposed that RAN2 agrees that continuous ciphered mode should be maintained during inter-RAT handover from E-UTRAN to UTRAN if ciphering has been activated and ongoing in E-UTRAN.
We assume that E-UTRAN also uses START values in ciphering and integrity protection processes as similar to UTRAN. Therefore, START value used in E-UTRAN could be synchronised with START value of UTRAN after hand over to UTRAN. This synchronisation should take place between UE and UTRAN via E-UTRA procedure. However, it is FFS how to signal the START value between the UE and target RNC via E-UTRAN prior to handover preparation. One approach would be to adopt the similar process from GERAN to UTRAN. However, START value used is a dynamic incremental value. Therefore, the same START value could possibly be repeated when UE enters to the new communication in UTRAN from E-UTRAN. From security point of view, this situation to transfer an obsolete START value from E-UTRAN to UTRAN should be avoided.

Proposal 2: It is proposed to study transferring mechanism of START value from E-UTRAN to UTRAN, which ensures START value is not obsolete during inter-RAT handover procedure.

2.2 Bearer Configuration Aspects

While in GERAN coverage, a dual-mode UE can read SIB16 of the target UTRAN cell to acquire the pre-configured UTRAN parameters. Similar mechanism can be reused during handover from E-UTRAN to UTRAN in order to speed up handover completion (hence reducing service interruption time targets as required in [3]).

To assist the UTRAN in allocating the pre-configured resources, UE has to signal the stored SIB16 instances to the UTRAN prior to handover execution. Inter-RAT handover information transfer procedure in TS25.331[2] might be reused for this purpose. However, re-using this procedure would cause a minimum latency of at least 2 TTI (excluding processing time at UE and E-NodeB side) before handover preparation. From Release 5 onwards, overall SIB16 reading/storing status in UE is reported via “Predefined configuration status information” flag in RRC CONNECTION REQUEST. Though such method might be reused in E-UTRA, it is sub-optimal because if UE acquires/updates SIB16 instances while in RRC-CONNECTED state, the updated status needs to be signalled using procedure equivalent to inter-RAT handover information transfer again. Considering this, a preferred design for E-UTRA would be that SIB16 reading/storing status is also reported to E-UTRA at specific inter-RAT measurement event. In this way, E-NodeB can relay the latest SIB16 reading/storing status to the UTRAN at the onset of handover preparation phase.

Proposal 3: It is proposed to study UE-initiated procedure to signal the reading/storing status of stored pre-configurations to UTRAN. 
2.3 Inter-RAT UE Capability Aspects

In UMTS, the inter-RAT UE radio access capability information is provided by the UE to the UTRAN upon at RRC Connection setup message. However, UTRAN can also inform the UE not to provide the inter-RAT UE radio access capability information. In other words, the inter-RAT UE radio access capability information does not have to be sent to UTRAN every time when the RRC Connection Establishment is executed. The inter-RAT UE radio access capability information may be stored in the UTRAN after RRC Connection Release is executed. 

Even though an additional information element like UTRAN radio access system information is included in inter-RAT UE radio access capability information for LTE UE capability, we believe it would be negligible impact for E-UTRAN to handle and store the inter-RAT UE radio access capability information. Similar concept, which is to selectively provide the inter-RAT UE radio access capability to E-UTRAN upon E-RRC Connection establishment procedure, could be adopted in LTE. For E-UTRAN to have sufficient knowledge of the inter-RAT UE capability from the early stage of E-RRC connection allows E-UTRAN to provide inter-RAT measurement related information to UE from the early stage. Thus, UE is able to support inter-RAT mobility procedure at the early stage of E-RRC connection.  Depending on the UTRAN deployment scenario, E-UTRAN further makes decisions to: (i) store the received inter-RAT UE capability, or (ii) delete the received inter-RAT UE capability upon UE transition to RRC-IDLE state.
Proposal 4: It is proposed that RAN2 agreed that Inter-RAT UE radio access capability can be stored in E-UTRAN and should be provided to the E-UTRAN during E-RRC Connection establishment procedure upon requested by the E-UTRAN.
3. Inter-RAT Measurement Aspects

In UMTS, the measurement configuration information is provided in both broadcast and dedicated message. Four types of measurement can be configured for UE in CELL_DCH state: intra-frequency, inter-frequency, traffic volume and inter system measurements. Each measurement type needs to be configured using a dedicated MEASUREMENT CONTROL message associated with one unique measurement identity. Hence, the network needs to signal several dedicated control message for measurement types with different purposes. Therefore, the amounts of signalling dedicated control message should be reduced in LTE system. 

Dedicated MEASUREMENT CONTROL message in UMTS includes both configurations for measurements (e.g. inter-RAT measurement) and gap assignment.  As also captured in [7], RRC message has longer delay than MAC control PDU. This delay also increases if RRC message is transmitted acknowledge mode of RLC and multiple re-transmissions is required. However, E-MAC control PDU does not have this negative effect. We think it is not necessary to adopt the same concept as in UMTS system of having the gap assignment configuration information in dedicated control message. The dedicated control message (e.g. MEASUREMENT CONTROL message) would only contain the measurement configuration information (e.g. inter-RAT measurement) in LTE system. The more detailed gap assignment would be signalled via MAC control PDU.
In UMTS, only inter-RAT cell info list existed in both broadcast message (e.g. SIB11/12) and dedicated MEASUREMENT CONTROL message. Since the contents for inter-RAT measurement configuration information would not change dynamically, inter-RAT measurement configuration information could be made common to all UEs. This is achievable by having inter-RAT measurement configuration information send using broadcast message.  

In current UMTS, the inter-RAT cell info list stored by the UE during CELL_DCH state will be removed when UE proceed to idle state. Hence, UE shall acquire the inter-RAT cell info list from the broadcast message (i.e. SIB11/12). This requirement to refresh and re-acquire the inter-RAT cell info list upon UE leaving from connected mode to idle mode would delay to configure inter-RAT measurement. However, if having all inter-RAT cell info lists also for idle mode make known in broadcast message, there is no requirement to refresh and re-acquire inter-RAT cell info list of the same cell (i.e. the cell that the UE camp on during active state will be the same after UE proceed to idle state) upon UE proceed to idle state. One of the possible solutions is to have one neighbourhood list which is sent using BCCH as proposed in [6]. Although this requires BCCH is received during active state, we don't see this as problem. Based on this approach, if we further consider more inter-RAT measurement configuration information to be sent using BCCH, we can enable UE to access inter-RAT measurement configuration information after performing intra-LTE handover procedure. Thus, this will reduce the amounts of dedicated control message (e.g. MEASUREMENT CONTROL) to be signalled from the network to the UE after intra-LTE handover procedure.
As a whole, we believe that more inter-RAT measurement configuration information should be transmitted as a system information message. Thus, this will reduce the amount of dedicated control message.

Proposal 5: It is proposed to study the maximum usage of system information messages for transmitting inter-RAT measurement configuration information.
 Conclusions
We propose RAN 2 to adopt the 5 proposals. 

Proposal 1: Continuous ciphered mode should be maintained during inter-RAT handover from E-UTRAN to UTRAN if ciphering has been activated and ongoing in E-UTRAN.
Proposal 2: To study transferring mechanism of START value from E-UTRAN to UTRAN, which ensures START value is not obsolete during inter-RAT handover procedure.

Proposal 3: To study UE-initiated procedure to signal the reading/storing status of stored pre-configurations to UTRAN. 
Proposal 4: Inter-RAT UE radio access capability should be able to be stored in E-UTRAN and should be provided to the E-UTRAN during E-RRC Connection establishment procedure upon requested by the E-UTRAN.
Proposal 5: To study the maximum usage of system information messages for transmitting inter-RAT measurement configuration information.
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