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1. Introduction

This document discusses the LTE Intra-RAT and Inter-RAT handover mechanism for the following cases: 
· LTE_ACTIVE state with uplink synchronization 

· LTE_ACTIVE state without uplink synchronization
2. Discussion
2.1. Goals
The following are goals for Intra-RAT and Inter-RAT handover 

· Network control of UE operation 

· Minimize intra/inter-RAT handover duration and connection failures during RAT handover

· Unified design for Intra-RAT and Inter-RAT handovers 

· Minimize use of air-interface resources for handover realization
· Source RAT eNodeB should not be required to understand protocol/message details of the target RAT

2.2. Proposal outline 

The following items are proposed for LTE handovers

2.2.1. Network control of UE behaviour

Network control of UE behaviour: We propose that the network have control of the following UE operations

a. Start of other eNB measurements (intra-RAT scenario) and other-RAT measurements (inter-RAT scenario)
b. Network specified algorithm executed at the UE to determine possible candidate(s) for intra-RAT and inter-RAT handover 

c. Network specified rules for UE to request DRX patterns to enable other-RAT searches (where applicable)
In addition, we propose that the network control the following aspects of intra-RAT and inter-RAT handover

1. Grant/Denial of intra-RAT/inter-RAT handover request 

2. Load based handover where the eNodeB can order the UE to measure and report channel quality of other eNodeBs (intra-RAT handover) and other RATs (inter-RAT handover)

2.2.2. Event triggered vs periodic reporting
Minimization of air-interface resources for handover realization: Transmission of measurement reports over an orthogonal air-interface requires resource assignment i.e. prior to the measurement report transmission the UE has to request and be assigned resources in order to transmit measurement reports to the eNodeB. This results in latency equal to one round-trip per measurement report as well as utilizes precious air-interface resources. We therefore assume that event triggered reporting will be preferable over periodic reporting, but we acknowledge that it has already been agreed that both types of measurement reporting will be standardized. 
2.2.3. Generalized time to trigger
Handover report with memory: Handover algorithm used in UMTS maintains a static time to trigger once the handover metric for the target NodeB exceeds that of the source NodeB. This timer is reset if the source NodeB (or RAT) metric exceeds that of the target NodeB (or RAT). In case of channel variation as shown in Figure 1 handover to the target eNodeB (or RAT) would be delayed resulting in link degradation for delay-sensitive applications such as voice/VoIP. We therefore propose to generalize the time to trigger by introducing a mechanism with memory as described below:
a. TOKEN count maintained for each target eNodeB

b. TOKEN count for a target eNodeB incremented if the target eNodeB metric exceeds that of the source eNodeB by a threshold and decremented if the target eNodeB metric is less than that of the source eNodeB metric plus a threshold. This ensures that temporary fluctuations in channel conditions do not delay handovers

c. Handover to target eNodeB (via source eNodeB) is triggered if the number of TOKENS exceeds a threshold
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Figure 1. Generalized time to trigger based handover (Illustration)

Channel dependent handover mechanism: The TOKEN count above could be a function of the channel condition. This would be required to handle cases where the channel conditions to the source eNodeB (or RAT) degrade drastically.
2.2.4. HO protocol termination
Simplification of source RAT/eNodeB implementation: In order to simplify eNodeB implementation a transparent container is proposed to carry information such as handover request or connection request to the target RAT. This transparent container may also include information such as traffic volume measurements (buffer sizes for each Radio Bearer) to aid resource allocation at the target eNodeB (same or different RAT) [1]
2.2.5. Forward handover and backward handover

Minimization of Access Channel resources: A UE in LTE_ACTIVE state without uplink synchronization follows the same rules as that followed by a UE in LTE_ACTIVE state with uplink synchronization with one exception. Since a RACH is required to initiate communication with any eNodeB it is highly desirable to transmit the RACH directly to the target eNodeB rather than the source eNodeB (or RAT) in order to minimize both air-interface resource usage as well as handover latency [2].
3. Conclusion

In this document we have described some key proposals for the LTE Intra/Inter-RAT handover.  If RAN2 can reach agreement on any of the proposals, Qualcomm will prepare CRs to capture the agreements in TS 36.300.
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