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1 Introduction
Most of the discussions in RAN1 have been concerned with developing a network architecture that does not require synchronization between cells. Although it may be desirable to have an asynchronous network in order to minimize the dependence of the air-interface on external factors, there are certain performance advantages that can only be gained from a synchronous network deployment.  It is felt that some of these are even essential for operation of LTE with high capacity under some scenarios.
Examples of some of these advantages are discussed in this contribution and RAN 1 is asked to consider defining operational requirements for a synchronous LTE deployment.
2 Single Frequency Network for E-MBMS

The concept of single frequency networks for broadcast solutions makes use of the simultaneous transmission of the same data stream from all cells in a broadcast area. In cell overlap regions, UEs will typically receive signals from more than one source and instead of seeing multiple signals as interference, the signals may be combined. This condition can arise on borders between adjacent cells in the network as well as sector edge boundaries.
Synchronisation of cells across the network in conjunction with increasing the delay spread supported by the system (longer cyclic prefix) creates the possibility for the UE to combine broadcast signals from several cells without the need for additional receiver processing, thereby offering superior performance without additional receiver complexity. Asynchronous deployments do not guarantee that broadcast transmissions from adjacent cells are time-coincident, thus ruling out the possibility of simplistic “over-the-air “ combining in cell overlap regions and broadcast data rates will suffer as a consequence.  It is noted that all of the performance evaluation in the current RAN 1 TR 25.814 for MBMS assumes SFN operation and hence achievement of these gains is reliant on the provision of inter-Node-B synchronisation.
3 Unpaired Operation
When operating in unpaired spectrum, there are considerable benefits to be gained by operating the network in a configuration where the uplink and downlink allocations are time aligned. It is obvious that if uplink and downlink allocations are not time aligned across the network then additional (and generally undesirable) interference scenarios are created. In cell boundary regions it is common for UEs in close proximity to be attached to different serving cells (due to shadow fading) and it is possible for uplink transmissions from one UE to interfere with the downlink signals received by the other.
Paired spectrum operation keeps these interference sources separate by the different frequencies reserved for uplink and downlink, however the only escape mechanism available to an unpaired system is to ensure that both cells have their uplink and downlink allocation time aligned.  Thus, to avoid undesirable interference scenarios, synchronisation should be provided for LTE networks in unpaired spectrum.
4 Interference Avoidance and Cancellation
Inter-cell interference avoidance techniques work better when timeslots are synchronized such that interfering signals have a better chance of arriving at the receiver within the cyclic prefix (at least for smaller cells). If signals from different cells arrive at a UE with a relative delay that exceeds the delay supported by the cyclic prefix minus the delay spread, then leakage between FFT bins occurs and this can impact the performance of fractional frequency reuse techniques that may be employed to manage interference at cell boundary locations.  Similarly, some interference cancellation schemes may benefit from the arrival of the serving cell and interfering cell energies within the cyclic prefix duration.
5 Conclusion

Synchronous networks offer benefits in the operation and performance of some features desirable for LTE systems.  RAN 1 is asked to consider defining requirements for network synchronization in the following configurations:
i) Synchronisation between cells of the same eNode-B
ii) Synchronisation between cells of different eNode-Bs in close proximity (i.e. those typically ‘visible’ to a UE)
iii) Synchronisation across all cells in wide area network (if required)
Once the requirements have been defined possible synchronisation solutions can be considered in association with RAN 3.
Page 1

