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1
Introduction

In this paper we present possible macro-diversity options and present our views on how macro-diversity for E-UTRA should be investigated in relationship with architecture discussions currently taking place in RAN2.
2 Macro-diversity options

The main reason for discussing macro-diversity in the context of E-UTRAN is to ensure a good coverage at the cell edge for both UL and DL.
2.1
Downlink
Possible macro-diversity options which could be considered for E-UTRAN are listed below from the UE and network complexity point of view. Some are derived from past (until release 6) discussions on W-CDMA.
· Receiver combining: requires synchronisation between the base stations (+/-148 chips for W-CDMA and rake receiver) and more complex synchonisation of the HARQ operation between base stations. This corresponds to rake combining for W-CDMA.
· Soft combining: corresponds to combining at the output of the demoulator and before the channel decoder. This also requires a tight synchronisation and co-ordination of the HARQ operation on the network side in order no to impose unrealistic constraints on the Ue buffering requirements.

· Selective combining: this corresponds to the selection of transport blocks at the output of the channel decoder. Physical layer synchronisation requirements are not as tight as for the previous options (in the order of the TTI) but this option also requires synchronisation of the HARQ operations between base stations.
· Fast cell selection: a concept which has been discussed since release 5 and never retained in the past because of HARQ operation synchronisation issues for the inter node B case. In the context of E-UTRA, the UE would be receiving data from a single cell at a time but may be required to monitor and synchronise to other cells to ensure switching time is small and also possibly re-synchronise HARQ operation.
Transposing these different options in the context of E-UTRA DL and assuming OFDMA will be used at the physical layer, these different options correspond to:

· Receiver / FFT combining : use of the same resource (sub carriers) by multiple base stations, meaning the UE should be able to compute a single FFT for samples received from multiple base stations

· Soft combining : different sets of sub carriers could be used by the different base stations meaning the UE may to compute several FFTs depending on the cyclic prefix length but it would perform a single decoding afterwards
· Selective combining : again different sets of subcarriers can be allocated by the different base stations in the active set meaning the UE will compute multiple FFTs but also multiple decodings afterwards.

· Fast cell selection: here the UE computes a single FFT but is required either to synchronise rapidly to the new base station (with possible loss of data if the synchronisation is not fast enough or maintain up to date information on timing difference between cells). 

2.2
Uplink
For the uplink the constaints in terms of synchronisation are not a stringent as for the DL and do not imply the same  so the main question if E-UTRA should support macro-diversity in the UL is more on the architecture side i.e. where to put the selection / macro-diversity combiner in the network.
3
Architecture dependencies
The general trend with regards to the evolution of UTRAN architecture is to simplify things in order to reduce latency in user plane and control plane and distribute the traffic towards node B.
In order to reduce the latency in the user plane and support higher bit rates, the notion of drift RNC may be removed as explained in [1]. Compared to the existing architecture this implies that RLC retransmissions could be pushed down to the base station and also that the base station would be connected to a single entity in the user plane.
Regarding the control plane, a certain number of functionalities which are currently (until release 6) supported by the CRNC would be pushed down to the base station. This functionnalities correspond to a number of radio resource management functions (channel allocation, some radio interface reconfiguration).
Eventhough companies views differ on the means to achieve reduced latency and on the role of the equivalent of the RNC in E-UTRA frame work (refered to as Access Network Gateway), it becomes apparent that some of the macro-diversity options listed above are not compatible with a simplified and streamlined architecture. 
In particular depending on how the user plane will be organised it may not be at all possible to support some of the macro-diversity options listed above.
Of course RAN1 should consider things from the radio performance perspective but since the timing of E-UTRA is quite aggressive we believe the work of other groups should be closely monitored in order not to spend time evaluating unrealistic options.

4
Evaluating macro-diversity gains
In this section, we discuss possible scenarios for macro-diversity evaluation.

First of all, we believe that the no macro-diversity case should be evaluated to assess the throughput which can be assessed at the cell edge and also whether real time services can be supported efficiently in the envisaged deployment scenarios for E-UTRAN. This is valid for both uplink and downlink.
For the uplink, main discussions on macro-diversity relate to whether or not it should be supported but performance gains may not be that different from release 6 since it would probably be based on release 6 architecture (E-DCH).

For the downlink, we would recommend to proceed in increasing complexity order i.e. start by evaluating achievable cell edge throughput when using fast cell selection. Of course assumptions with regards to the use of fast cell selection should be clarified i.e.

· What is the level of information shared by the different base stations?

· What is the data loss when switching from one cell to another?

· Is there any interruption in the transmission
· Is there any bi-casting on the radio? 
· How does the UE synchronise to the target cell?

· Is there any specific procedure to achieve synchronization rapidly on the target cell?
· Does the UE maintain information on time difference between cells?
Then depending on the obtained results the need for more complex macro diversity schemes should be investigated and other groups should be informed rapidly as this may have some impact on their work.
5 Conclusion

In this paper we have discussed possible macro-diversity options and given our view on how macro-diversity should be evaluated in the context of the E-UTRA Study Item.
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