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1. Introduction
Fast cell selection schemes should be considered for LTE, especially for the support of real time services with stringent QoS requirements. These schemes can help reduce the handover latency down to a few tens of milliseconds or less, and therefore improve both system performance and user experience. 
In this document we discuss possible approaches for fast cell selection in LTE. Based on such discussion, we identify some high level requirements for the E-UTRAN architecture and the protocols, in order to support fast cell selection schemes. We finally propose to capture these high level requirements in the internal RAN3 technical report on LTE.
2. Fast Cell Selection
Fast cell selection techniques are able to provide some form of macro-diversity, which is beneficial in access systems that do not support soft-handover. For instance, a fast cell selection scheme has been recently proposed in [1] for HSDPA. Simulation results in [1] show that the use of such a mechanism can dramatically improve both system performance and user experience. Therefore, fast cell selection schemes should be also considered for LTE, to efficiently support real time services (e.g. VoIP, GoIP) with the appropriate QoS.  
In the following, we discuss possible approaches for fast cell selection in LTE. The focus here is on the downlink, but similar concepts apply to the uplink as well. Figure 1 shows two possible fast cell selection approaches for the downlink of LTE. In the first approach (Method A), we assume a centralized architecture with an Anchor mobility node controlling cells in different E-Node Bs. Here, the user plane data is sent through a serving cell chosen from a set of candidate cells, namely the Fast Switching Set (FSS). The control plane information can be sent through all cells in the FSS, thus increasing the reliability of the handover commands (i.e. serving cell change command). The handover decisions (i.e. serving cell change) and the FSS management (i.e. add/drop/swap cells from the FSS) are both performed at the Anchor node based on measurements from the UE, resource availably, and load considerations. Moreover, the Anchor node pre-configures the cells in the FSS and the UE so that it can quickly change the serving cell and thus switch the user plane path. Sequence numbering at the Anchor node and proper buffer management ensure lossless and in-sequence delivery of user data. Note that this approach is very similar to the approach proposed in [1] for HSDPA. 
A more aggressive approach is used for Method B, where the Anchor mobility node bi-casts the user plane data to all the cells in the FSS. The data will then be scheduled by the different cells, based on the channel quality measurements reported by the UE. Also for this approach, sequence numbering at the Anchor node and proper buffer management schemes ensure lossless and in-sequence delivery of user data. 
While Method A can only provide some form of macro-diversity on the Control Plane, Method B can provide macro-diversity on both Control Plane and User Plane. Thus, Method B can achieve better performance than Method A at the expense of protocol complexity and operational costs. 
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Figure 1: Possible fast cell selection approaches for E-UTRAN
3. Discussion
Both fast cell selection approaches discussed before require a centralized E-UTRAN architecture with an Anchor mobility node controlling several E-Node Bs. Accordingly, the radio protocols between the UE and the E-UTRAN (both User Plane and Control Plane) should have a lower part terminated at the E-Node B and an upper part terminated at the Anchor mobility node. These high level architectural requirements are essential to support fast cell selection schemes in LTE. 
Conversely, it is not efficient to implement fast cell selection schemes in an architecture where all radio protocols are terminated at the E-Node B, as suggested in [2]. First, because such architecture will rely on IP mobility mechanisms (e.g. MIP) to support inter-site mobility [3], and therefore will have higher handover latency than the expected latency when using the fast cell selection schemes considered above (few hundreds of milliseconds vs. few tens of milliseconds). Second, because a bi-casting solution at IP level, trying to provide some sort of User Plane macro diversity, will not be efficient in this case
. 
The following comparison helps to better understand the difference in handover latency between the case where inter-site mobility relies on fast cell selection mechanisms, and the case where the inter-site mobility relies on IP mobility mechanisms (i.e. all radio protocols are terminated in the E-Node B). Figure 2 shows an example of handover procedure when using the fast cell selection Method A (only the signalling flow is shown). While connected with a serving cell in the source E-Node B, the UE initiates a handover procedure by sending a handover request to the Anchor. If the request is granted, the Anchor sends a handover command to the new preferred cell in the target E-Node B and a handover notice to the serving cell in the source E-Node B. At this point the Anchor starts routing the user data to the new serving cell. If needed, the outstanding data in the old serving cell will be forwarded/re-transmitted to the new serving cell. 

Figure 3 instead shows an example of handover procedure when the inter-site mobility relies on IP mobility mechanisms (again, only the signalling flow is shown). Here, the UE sends a handover request to the serving cell in the source E-Node B, indicating the new preferred cell in the target E-Node B. The serving cell in the source E-Node B sends a inter-BS handover request to the preferred cell in the target E-Node B. If the request is granted, the two cells initiate a procedure to transfer the UE-related context (bearers, security, header compression, etc…). The handover procedure also establishes a temporary tunnel between the two cells, thus avoiding user data loss during the transition. After context transfer, the new preferred cell in the target E-Node B sends an inter-BS handover confirm message, with an activation time, to the serving cell in the source E-Node B. This activation time is then used in the handover response message sent from the serving cell in the source E-Node B to the UE. After the binding update message sent from the target E-Node B to the CN, the user data will be routed to the new serving cell in the target E-Node B.
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Figure 2: Example of signalling flow when a fast cell selection scheme (Method A) is used.
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Figure 3: Example of signalling flow when inter-site mobility relies on IP mobility mechanisms.
4. Conclusions

Fast cell selection schemes should be considered for LTE, especially for the support of real time services with stringent QoS requirements. These schemes can help reduce the handover latency down to a few tens of milliseconds or less, and therefore improve both system performance and user experience. 

In order to efficiently support fast cell selection schemes, it should be possible to implement a centralized E-UTRAN architecture with an with an Anchor mobility node controlling several E-Node Bs. Accordingly, the radio protocols between the UE and the E-UTRAN (both User Plane and Control Plane) should have a lower part terminated at the E-Node B node and an upper part terminated at the Anchor mobility node.
We finally propose to capture these conclusions in the internal RAN3 TR on LTE.
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� Because of the large overhead generated on the backhaul, and because IP does not provide sequence numbering, 
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