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1
Introduction
In [1] the work item on further enhancements to CELL_FACH state was approved.  As part of this work item the downlink improvements sub-feature should be studied
· Downlink related improvements of resource utilization, throughput, latency and coverage

· Stand-alone HS-DPCCH without ongoing E-DCH transmission
· DC-HSDPA operation

Furthermore in [2] the study item for multipoint HSDPA transmission was approved and evaluation of various solutions currently ongoing. 
In this paper we briefly analyse the potential benefits of applying multipoint operation in CELL_FACH state. 

2
Discussion
Although MP-HSDPA may not improve the throughput/peak rate for an individual UE, it should in some scenarios improve the overall cell throughput which can provide a more consistent user experience throughout the network and provide increased network capacity. 
It’s our expectation that the improvements which can be demonstrated for MP-HSDPA in CELL_DCH state should also apply for MP-HSDPA in CELL_FACH state. Especially since the CELL_FACH improvements WI includes DC-HSDPA operation we should also consider whether to introduce MP-HSDPA in CELL_FACH. The scope of the SI on MP-HSDPA in our understanding in not necessarily limited to CELL_DCH only, therefore performance improvements identified for any of the specific methods of MP-HSDPA could be considered valid also for CELL_FACH state.
In addition to the performance benefits at cell edge and in loaded cells/sectors, MP-HSDPA may provide even further benefits for CELL_FACH state over CELL_DCH state. 
MP-HSDPA may operate on when the UE is able to receive from a second Node B (soft handover) or it may operate on when the UE is able to receive from another sector of the same Node B (softer handover). An example is show below in figure 1 – the UE is in CELL-FACH state and the serving cell is cell 1.  The UE is moving towards two neighbour cells, cell 2 and cell 3.  Cell 2 is in the same Node B-1 group as the serving cell 1, while cell3 is in a different Node B-2 group.  Conventionally the geographic area controlled by a Node B is served by directional antennas.  Each Node B may control several cells, typically arranged in different sectors (e.g. three or six sector sites).  While Cell 1 and Cell 2 may be considered from the network perspective different sectors of the same Node B cell, since each sector has a different physical configuration, the UE sees each sector as a different cell.  
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Figure 1: Cells belonging to Node B-1 and Node B-2
In order to receive from multiple cells it’s our expectation that the UE needs to obtain the common channel configurations from all involved cells. One obvious option would be to do this via dedicated signalling (e.g. similar to DPCH soft handover, via active set update). However another option, and perhaps the more attractive option, would be that the UE autonomously (or semi-autonomously)  obtains the system information from intra-frequency cells (for example, all neighbour cells, or cells indicated to belong to the same node B, or cells indicated to be capable of MP-HSDPA). The common channel configurations broadcast by the individual cells could then be “combined” in order to construct the full configuration. Of course additional parameterisation may be needed, however the basic configuration at least could be obtained from the involved cells system information. This could be the more attractive option, since not only would that enable MP-HSDPA bringing the associated advantages, it would also enable the UE to perform serving cell change (cell reselection) almost seamlessly – i.e. without the associated delay from reading system information in order to camp (around 1.28 seconds in a typical case) and without the associated gap in service needed to perform cell reselection and system information reading, followed by cell update procedure. Additionally, in a cell edge situation the UE can ping-pong between cells – if the UE is able to receive from both cells and NW can schedule on both cells, then the benefit is not only 1.28 seconds due to a single reselection, but multiple 1.28 seconds gaps in reception can be avoided while UE receives from either or both cells. Hence with the introduction of MP-HSDPA in CELL_FACH state, we can not only expect performance improvements similar to what could be obtained in CELL_DCH state, but we can also expect a much improved mobility performance. 
The capability for reading of intra-frequency cells system information was already introduced in Rel-9 for the purpose of CSG cell handover preparation in CELL_DCH, therefore the complexity from the UE side to perform this in any state should be minimal.

One example approach to the signalling and operation of MP-HSDPA is shown below in Figure 2.
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Figure 2: Example signalling procedure for MP-HSDPA between cells 1, 2, 3
As it can be seen from figure 2, the UE in CELL_FACH state obtains the system information from intra-frequency neighbour cells – this process of obtaining neighbour cell information could potentially also occur in other states (CELL_DCH, CELL_PCH, etc) however the utilisation of the information at this stage we will assume is limited to CELL_FACH state. Upon entering CELL_FACH state with multiple “MP-HSDPA suitable” neighbour cells, or upon determining a new MP-HSDPA suitable cell while in CELL_FACH state the UE indicates to the NW a list of available neighbour cells (i.e. cells which could potentially be used for reception). Determining the neighbour cells suitability for MP-HSDPA should be done by at least being able to obtain the system information of the neighbour cell, however other criteria are likely to be needed, such as serving cell threshold (e.g. only when serving cell goes below a threshold) and neighbour cell threshold (e.g. neighbour cell is above a threshold). 
Upon reception of the indication from the UE that a set of neighbour cells are suitable, the NW should indicate to the UE which of the cells should be used for reception (an alternative would be that the UE informs the network about, and automatically monitors all available cells, however it’s our expectation that NW should have the ability to control on which cells data may be scheduled, and signal this to the UE). 

In addition, the UE should indicate to the network when a cell is no longer suitable (e.g. cell drops below a threshold) in order that the NW can avoid scheduling data on that cell + release any unused resources. 

The procedure described above for operating with MP-HSDPA, as already mentioned, not only provides those performance improvements e.g. at cell boundaries but also provides the opportunity for significantly improved mobility performance. Since the UE has already obtained the system information from neighbouring cells, then the cell reselection procedure can be performed very quickly (or in the best case, seamlessly) as the delay from having to obtain the system information from a new cell before it can be camped on is totally removed – and since the UE is already receiving on HS-DSCH from the target cell the new cell can be reselected with no disruption to data reception (and potentially also transmission). Of course we would need to define the conditions for change of serving cell, but one obvious approach could be to perform the cell update procedure to indicate to the NW the new best cell in Cell Update Message, and to confirm to the UE the new serving cell in the Cell Update Confirm message. Other alternative approaches could be Measurement Report based, and rely on e.g. Active Set Update message or Radio Bearer Reconfiguration message to perform the serving cell change.
3

Conclusion
In this paper we have briefly introduced the possibility to perform MP-HSDPA in CELL_FACH state, and also described the significantly increased mobility performance this could enable by obtaining the intra-frequency neighbour cell system information in advance of cell reselection. Although this paper has not analysed the performance benefits in any depth, something which we believe should be performed as part of RAN1 study of MP-HSDPA, we have shown that with relatively simply RRC procedures performed some obvious advantages can be obtained by also using MP-HSDPA in CELL_FACH state – some of the mobility improvemets could also be obtained even without MP-HSDPA operation.
Proposal: Further detailed study should be done on the benefits of MP-HSDPA in CELL_FACH state, and the improved mobility performance that can be obtained by the UE autonomously or semi-autonomously obtaining intra-frequency neighbour cells system information prior to reselection should also be considered. 
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