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Fast Cell Selection (FCS)

Two fast cell selection (FCS) schemes were considered for HSDPA: intra-Node B FCS and inter-Node B FCS. In intra-node FCS, only the cells within the same Node B can be selected. With inter-Node B FCS, any cell within the active set of the UE can be selected for transmission.  

With scheduling and Hybrid ARQ functionality in Node B there is a need for explicit means to synchronise e.g. the scheduling and fast Hybrid ARQ states of the involved Node Bs in case of fast inter-Node-B cell selection. Different alternatives can be considered for synchronizing the HARQ states: over the RNC by means of network signalling, over the air by means of higher layer signalling and over the air by means of Layer 1 signalling [3].  In the HSDPA feasibility study phase, some issues were raised on these different methods of achieving transmission-state synchronisation. For example, with over-the-air synchronization by means of physical-layer signalling, 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. On the other hand, the synchronization over the RNC or using higher layer signalling may be more reliable but cell selection delays will be higher.

The intra-Node-B cell selection is a simpler approach that allows cell selection between different cells in the same Node-B.  This can be achieved by defining a sub-set of active set consisting of cells from the same Node-B. We call this HS-active-set. With intra-Node-B cell selection, transmission-state synchronisation is not needed because all the information is available at the Node-B supporting the UE. The intra-Node-B cell selection scheme can be enhanced by giving the Node-B control of the fast cell selection process. Some of the benefits of Node-B controlled fast cell selection are:

· 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. Note that Node-B has the complete knowledge of the power and code resources in all the cells that it supports.

· Node-B can perform “load-balancing” across different cells in order to make best use of the resources. Load balancing is particularly important for bursty data traffic that can create “activity peaks” and “inactivity periods” in different cells at different times. 

· Faster cell selection operation. With the Node-B controlled cell selection Node-B can schedule the user on any of the cells in the active set (controlled by the Node-B) at any time. In the case when UE selects a cell for transmission some delay is 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.

However, with Node-B controlled cell selection, channel quality indication is needed from all the cells in the HS-active-set. The existing HS-DPCCH signalling can be used for CQI signalling for different cells in the HS-active-set e.g. by time multiplexing CQI info from multiple cells on the HS-DPCCH sub-frames. For example, in case of 2 cells in the active set, alternate HS-DPCCH sub-frames can carry CQI for the two cells. Another requirement for the Node-B controlled cell selection is that the UE need to monitor HS-SCCH from multiple cells in the HS-active-set. However, it can be allowed to configure the HS-SCCH set for a UE with HS-SCCHs from more than one cell. The total number of HS-SCCH that a UE need to monitor can still be kept at 4 as in the current specifications. Therefore Node-B controlled fast cell selection can be incorporated in HSDPA without any major changes in the specifications.

Node-B controlled cell selection

In order for the Node-B to schedule the UE on any of the cells in UE’s HS-active-set, the UE must be receiving the control channels from the cells in the HS-active-set. In HSDPA, HS-SCCH carries the control information for the scheduled user. The UE is able to simultaneously decode up to four shared control channels. With Node-B controlled cell selection the UE should be listening to the control channels from all the cells in its HS-active-set because it can be scheduled on any of these cells. In the example of Figure 1, the UE listens to HS-SCCH from both cell-1 and cell-2. 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 HS-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. In Figure 1, the UE is listening to control channels C13 and C14 from cell-1 and control channels C21 and C22 from cell-2. Now if the Node-B schedules the UE on cell-2, the related control information can be sent on HS-SCCH C21 and C22 only.
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Figure 1 An example HS-SCCH configuration in Node-B controlled fast cell selection

An example of UE controlled cell selection approach is given in Figure 2. In this example, UE1-3 select cell-1 and UE4-6 select cell-2. The UEs can only be scheduled on the selected cell. Assuming that the Node-B schedules the UE that can support the highest rate within the TTI, UE2 will be scheduled on cell-1 and UE6 on cell-2. 
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Figure 2 An example of scheduling with UE controlled fast cell selection

An example of scheduling in Node-B controlled fast cell selection is shown in Figure 3. We assumed that cell-1 and cell-2 form the HS-active-set for UE1-6. With Node-B controlled fast cell selection, the UE1-6 can be scheduled on any of the cells in the HS-active-set. For example, now U3 can be scheduled on cell-2 at 5.0Mb/s. This is assuming that the UE with the highest rate within the HS-active-set is scheduled. Note that the overall system throughput can be improved when Node-B is given control of the fast cell selection operation.
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Figure 3 An example of scheduling with Node-B controlled fast cell selection

Uplink signalling for Node-B controlled fast cell selection

In the UE controlled cell selection, the uplink channel quality signalling consists of the CQI and the cell ID at minimum. In the Node-B controlled cell selection, the UL signalling alternatives are summarized below:

· A signalling approach similar to the UE controlled cell selection can be used. Therefore, the uplink signalling will consist of the CQI and the cell ID. Node-B will keep track of the CQI received from a UE for the multiple cells in UE’s HS-active-set. When a cell is selected for HS-DSCH transmission to a UE, the corresponding CQI on that cell can be used to select the transport format for the transmission.

· The DL quality information for multiple cells in the HS-active-set can be time-multiplexed on the HS-DPCCH. Most of the time, a channel quality feedback rate slower than every TTI is required and the CQI field in the HS-DPCCH sub-frame is DTXed when there is no CQI transmission. However, when CQI for multiple cells needs to be sent, an increased rate for CQI can be used. For example, with two cells in the HS-active-set, alternate HS-DPCCH sub-frames can carry CQI for the two cells. A predefined rule can be used to determine which HS-DPCCH subframes will carry the CQI for a given cell. Using this approach, cell ID information does not need to be included in the CQI information.

Conclusions
Node-B controlled fast cell selection 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 HS-active-set. The uplink CQI 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.

In the light of the simplicity of the Node-B controlled fast cell selection and the potential benefits, we recommend that RAN1 consider Node-B controlled fast cell selection for HSDPA.
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