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1 Introduction

Fast cell selection (FCS) is being considered for HSDPA. With FCS, the HSDPA data to a specific UE is transmitted from only the instantaneously “best” cell in the active set. In this document, alternatives for FCS are discussed in terms of signalling requirements and performance. It is shown that the Node-B controlled intra Node-B FCS [1] can achieve good performance with low signalling overhead.

2 FCS Alternatives

The FCS can be categorized using two criteria: active set and control entity. With a general active cell set, the FCS could be performed across different Node-Bs. This is termed inter Node-B FCS. An alternative to this is the intra Node-B FCS which allows FCS only in a subset of the active set that belongs to the same Node-B.

Both inter Node-B or intra Node-B FCS can be further categorized by the FCS control entity. Conventionally the FCS is controlled by the UE based on the channel qualities measured. However, the FCS can also be controlled by a central entity, e.g., a Node-B. In this case, the UE only suggests what cell to select by reporting the channel quality measurements, while the central control entity will decide the final selection based on UEs’ suggestions and the resource and traffic load information available. The centralized FCS can be viewed as a combination of scheduling (Node-B selects UEs) and UE controlled FCS (UE selects cells). Therefore, it can be optimized to take advantages from both.

3 Signalling Requirements

The following mechanisms may be required to support FCS:

· Channel quality measurement and feedback at the UE for the active set.

· Hybrid ARQ state synchronization among Node-Bs in the active set.

· Signalling of cell resource and load information.

· HS-SCCH reconfiguration.

In this section, the additional signalling required to support different FCS alternatives are outlined. These signalling requirements are summarized in Table 1.

Table 1 Additional signalling required to support FCS.

	
	Intra Node-B
	Inter Node-B

	UE Controlled
	· Uplink: best cell indication and the corresponding channel quality feedback.

· Downlink: HS-DSCH to CPICH power ratio.

· Downlink: cell resource and load information.

· No change in the HS-SCCH configuration. Some delay may be introduced before the cell selection can take place.
	· Uplink: best cell indication and the corresponding channel quality feedback.

· Downlink: HS-DSCH to CPICH power ratio.

· Hybrid ARQ state synchronization.

· Downlink: cell resource and load information.

· No change in the HS-SCCH configuration. Some delay may be introduced before the cell selection can take place.

	Centralized
	· Uplink: cell ID and channel quality feedback for all cells.

· UE needs to monitor the control channels from all the cells in its active set. Scheduling flexibility may be reduced if the maximum number of HS-SCCHs a UE can monitor is constrained.
	· Uplink: cell ID and channel quality feedback for all cells.

· Hybrid ARQ state synchronization.

· UE needs to monitor the control channels from all the cells in its active set. Scheduling flexibility may be reduced if the maximum number of HS-SCCHs a UE can monitor is constrained.


3.1 Channel Quality Measurement and Feedback

Channel quality measurement for the cells in the active set is always required at the UE in order to perform FCS. But the uplink and downlink signalling involved varies with the FCS schemes.

· Uplink: Channel quality measurement feedback

· UE controlled FCS: Best cell indication and the corresponding channel quality need to be fed back. Uplink power control for the best cell should be performed [3]
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· Centralized FCS: No best cell indication is required. However, channel quality measurement together with the corresponding cell ID for all cells are needed. These channel quality feedbacks can be time-multiplexed to reduce the signalling overhead. Uplink power control should be able to guarantee reliable feedback to all cells.

· Downlink: HS-DSCH to CPICH power ratio signalling

· UE controlled FCS: HS-DSCH to CPICH power ratio is required by the UE to determine the best cell.

· Centralized FCS: HS-DSCH to CPICH power ratio is not required at the UE. The central control entity (e.g., Node-B) has this information and only needs the measurements of the CPICH SNR from the UEs.

3.2 Hybrid ARQ State Synchronization

With scheduling and Hybrid ARQ functionality in Node B, there may be a need for explicit means to synchronize e.g. the scheduling and fast Hybrid ARQ states of the involved Node Bs.

· Inter Node-B FCS: The synchronization of Hybrid ARQ states is necessary. It can be done by [3]
· Over the RNC by means of network signalling. Reliable but maybe too slow for FCS.

· Over the air by means of higher layer signalling. Reliable but maybe too slow for FCS.

· Over the air by means of Layer 1 signalling. This is the only viable solution if true inter Node-B FCS is to be supported. However, it is required that this uplink physical-layer signalling can be reliably detected by an arbitrary Node B in the active set selected by the UE. This is in contradiction to the ordinary uplink power-control strategy that ensures that uplink transmission can be reliably detected by at least one Node B in the active set but does not guarantee that uplink transmission can be reliably detected by an arbitrary Node B in the active set.

· Intra Node-B FCS: Hybrid ARQ state synchronization is not needed because all the information is available at the Node-B supporting the UE. (Note that Hybrid ARQ state synchronization among the cells within the Node-B is still necessary. This intra Node-B synchronization, however, is much easier and faster.)

3.3 Cell Resource and Load Information

In addition to the HS-DSCH to CPICH power ratio, knowledge of other resources (e.g., code space) and relative load of different cells may also affect the selection of the best cell.

· UE controlled FCS: Cell resource and load information may need to be signalled to the UE via additional downlink signalling.

· Centralized FCS: Cell resource and load information is already known to the central control entity. No additional downlink signalling is needed.

3.4 HS-SCCH Reconfiguration

Depending on the FCS control entity, the HS-SCCH may need to be reconfigured.

· UE controlled FCS: The UE listens to the HS-SCCHs in the selected cell. No change in the HS-SCCH configuration is necessary. Some delay may be introduced before the cell selection can take place. This is due to the fact that the cell selection signalling on the uplink is not very reliable and Node-B needs to receive multiple cell selection requests before the cell selection is complete.

· Centralized FCS: The UE should be listening to the control channels from all the cells in its active set because it can be scheduled on any of these cells. In order to keep the number of HS-SCCHs that a UE need to decode low, it is possible that a UE only decodes a sub-set of the HS-SCCHs from each of the cells in its active set. This information can be carried to the UE using higher layer signalling for HS-SCCH set configuration. Therefore, when Node-B schedules the UE on a given cell, its makes sure that the control information is transmitted on one of the HS-SCCHs that the UE is listening from that cell.

4 Performance

The performance of HSDPA with FCS has been studied extensively in [5]-[9]. In general, it was shown that FCS does bring performance gain under low mobile speed, especially with fair schedulers. The HSDPA performance in terms of packet call throughput distribution is significantly improved by FCS, although the advantage of FCS may not be as evident in terms of average service throughput. With the issues of Hybrid ARQ state synchronization for inter Node-B FCS, intra Node-B FCS appears more realistic and simpler to implement. The intra Node-B FCS gain (33%-50%) in terms of system capacity is clearly demonstrated in [9]. In addition, [9] shows that in the load-imbalance situation, Node-B controlled FCS can be better than UE controlled FCS by up to 13% due to the capability of load-balancing.

5 Conclusions
Two criteria for categorizing the FCS mechanisms were discussed in this document. The resultant FCS categories were compared in terms of additional signalling requirements and performance. The comparison shows that Node-B controlled intra Node-B FCS provides significant system performance gain with reasonable uplink signalling and very low downlink signalling overhead. In addition, it can be incorporated in HSDPA without any major changes in the specifications. The existing HSDPA downlink and uplink signalling can be used to enable the Node-B controlled fast cell selection. A UE would need to monitor HS-SCCH from multiple cells from the same Node-B. However, the total number of HS-SCCH that a UE need to monitor can still be kept smaller by configuring the HS-SCCH set for the UE in such a way that it monitors a smaller number of HS-SCCHs from each of the cells in its active set. The uplink channel quality indication can be carried for multiple cells using the existing HS-DPCCH signalling.

By giving Node-B the control of the fast cell selection, determination of the best cell may not only be based on radio propagation conditions but also available resources such as power and code space for the cells in the active set. This is due to the fact that that Node-B has the complete knowledge of the power and code resources in all the cells that it supports. Moreover, Node-B can perform some kind of “load-balancing” across different cells in order to make best use of the radio resources. Load balancing is particularly important for bursty data traffic that can create “activity peaks” and “inactivity periods” in different cells at different times.  The Node-B controlled cell selection can be performed faster compared to the UE controlled fast cell selection. The simulations results presented in [9] show 33-50% improvement in system capacity by using Node-B controlled cell selection.
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