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1. Introduction
In the last several RAN2/RAN3/SA2 joint meetings, several alternative architectures have been presented. Depending on the architecture, handover procedure can be different. In this document, we compare the overall handover procedures for different architectures. The two models that are considered in this document are as follows:

- M1: in which handover decision is made in the anchor,
- M2: in which handover is determined in end node such as ENB. 
2. Discussion
2.1 Alternative architectures
Figure 1 and 2 shows the architectures discussed in this document. Figure 1 represents the model where H/O decision is made in the anchor (M1) and Figure 2 shows the model where H/O decision is made in the end node (M2). 
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Fig. 1. H/O decision in Anchor (M1)

Fig. 2. H/O decision in End Node (M2)


As shown in the figures, normally anchor model is considered to provide better handover performance because the H/O procedure is simpler and faster. For example, in the anchor model, because all the UE contexts can be managed within the anchor, there may be no need for context transfer during handover. In addition, because the path switching functionality resides in the same location as the H/O decision functionality, the signalling overhead can be smaller than the end-node model.
  But in the other aspects such as user-plane delay, throughput, and architectural complexity, M2 has some benefit over M1. Thus how much overhead and H/O break-time is incurred by M2 should be analysed before deciding the architecture.
2.2 Handover procedures
  Because the anchor model (M1) resembles the current UMTS architecture, almost the same handover procedure in current UMTS is expected to be reused in this model. Figure 3 shows one possible H/O procedure for M1 mimicking the current UMTS handover procedure.
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Fig. 3. Handover procedure for M1 (Example)

  In the figure, Phase I corresponds to the handover preparation phase. Because OFDM involves hard handover, as soon as H/O command is received by the UE, UE shuts down the radio connection with the source cell and starts ranging to the target cell for synchronisation. After the synchronisation, H/O confirm message is sent to the anchor via target Node B resulting in a successful handover. In the above figure, we can see that the actual handover break time is Phase II which corresponds to the ranging time. 
  Figure 4 shows an example H/O procedure for end-node model (M2). 
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Fig. 4. Handover procedure for M2 (Example)

In this case also, Phase I corresponds to the H/O preparation phase and actual handover break time corresponds to Phase II. 
2.3 Comparisons
- Preparation phase (Phase I)

After measurement report, only one control plane elementary procedure (RL setup req./res.) is required in M1. On the other hand, in M2, two elementary procedures (one for tENB – H/O preparation req./conf., the other for anchor – Path switch req.) are required. Although ‘Path Switch Request’ can be sent in parallel with ‘H/O Preparation Confirm’, M2 has a possibility to take more time than M1 for preparation. But normally, the preparation time does not make a big difference on the user experience because data can be sent via the old node during the phase. 
For example, even if we assume a UE moving at a speed of 300km/h (83m/s), and radius of a cell to be 1km, UE moves less than 1% of the radius of the cell in 100ms. Assuming preparation phase takes 100ms more for M2, the radio quality does not degrade much for M2. 

- H/O break time (Phase II)
  What makes the difference on user experience is this phase. At a glimpse, one can argue that M2 is much complicated than M1, but looking Phase II in Figure 4 more closely, we can see that it corresponds to the maximum of the time taken by ranging and the time taken by context & data forwarding because these are processed in parallel. Thus, if ranging time is dominant, the H/O break time is the same for M1 and M2. 
  In Wibro (802.16e), one of the OFDM systems, the ranging takes several hundreds milli-seconds. Considering that it adopts 5ms frame size, it will take at least several tens milli-seconds for ranging in LTE because 0.5ms TTI is used. If this is the case, we believe the context & data can be forwarded within this time and M2 will not be worse than M1 with regard to handover. 
3. Conculsion

In this document, we have compared two models, M1 and M2 in the aspect of handover. Our conclusion is that although M2 is more complicated, it is not worse than M1 in the sense of handover break time. 
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Fig. 1. H/O decision in Anchor (M1)


Fig. 2. H/O decision in End Node (M2)



