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1. Introduction: current status in RAN1
Cells in systems currently deployed are not assumed to be SFN (System Frame Number) synchronized [1], and LTE (Rel-8) will be no different in this respect. RAN1 discussions so far have not made any strong assumptions on the priority to be given to synchronised network operation now and in the future, i.e. both synchronised and non-synchronised operations are considered for Rel-9 and Rel-10. However, for many techniques that are expected to either provide improved performance or new services for Rel-9 and Rel-10, for example so that ITU targets are achieved, synchronization is deemed beneficial [2], [3]. 
It is clear that for features such as CoMP there is a clear gain in having cell synchronization. In this paper we highlight the general benefits that cell synchronization would bring from Rel-9 onwards, and in particular examine mitigation of inter-cell interference (from the UE perspective). Inter-cell interference is a clear limiting factor in the performance achievable with LTE Rel-8, especially for cell-edge UEs. In general the approach taken in Rel-8 is one of randomisation, where inter-cell interference is whitened and processed by the UE accordingly. However, interference cancellation techniques exploiting interference spatial properties should be supported in LTE-A in order to enable greater benefit to be derived from the use of multiple-antennas.
2. Impact of network syncronisation on emerging system features
In [2] various features are identified where synchronisation is either essential, known to be beneficial, or likely to be advantageous:

· TDD

· MBSFN

· Positioning

· CoMP

· Relaying

· Cell search and measurements

· Inter-cell interference cancellation

· Interference management

We strongly agree that the above features would greatly benefit from synchronisation among neighbouring cells. In particular, efficient TDD operation requires synchronisation, at least of uplink and downlink slot allocation in adjacent cells. While the decision not to implement MBSFN in Rel-8 delayed the need to examine in more detail the pros and cons of synchronisation, if MBSFN operation becomes important for future releases, synchronisation also becomes an imperative for FDD.
For other applications, such as CoMP above, considered very important by a significant fraction of 3GPP members  [1], [2], [3], synchronisation is required if its benefits are to be fully harnessed [3]. Similarly, relay-node synchronisation is another issue which has been studied recently [4] to improve the performance of relaying in LTE-A.
In SFN-synchronised networks, an important aspect is the effect of potential collision of reference symbols in adjacent cells. The Common Reference Symbols (CRS) in Release 8 are distinguished by cell specific frequency shift and modulation sequence, but in the synchronised case the CRS in different cells would occupy the same OFDM symbols. In order to maintain backwards compatibility, this situation should be considered an unavoidable baseline. However, it would be possible to design reference symbols for LTE-A specifically with the synchronised case in mind. 
In particular, even with a large number of antennas per cell at the eNB, it will be possible to operate with only two Release 8 CRS (and up to 8 Relaese 10 CSI-RS), which means that 6 frequency shifts would be available to achieve inter-cell CRS orthogonality. This should be straightforward with minimal PCI planning for co-sited cells controlled by the same eNB. 
3.  Enhanced inter-cell interference mitigation
A prerequisite for effective inter-cell interference cancellation is synchronisation of the network, since this facilitates more complete knowledge of the interference properties. In particular, if CSI-RS can be made orthogonal between cells (even those controlled by different eNBs), then more accurate channel measurements corresponding to potentially interfering cells are possible. We reiterate that network synchronisation is both feasible and strongly beneficial in the timeframe of LTE-A; we therefore consider that LTE-A cells should not be required to function efficiently without network synchronisation, so that an LTE-A UE operating in an LTE-A cell can typically assume that the LTE-A cell is synchronised with neighbouring LTE-A cells. 

We further believe that provision of suitable signalling to assist interference mitigation algorithms in the UE should be considered for LTE-A. Examples of such signalling could include:

· information on reference symbol patterns and scrambling applied for different UEs and for neighbouring cells;

· information on power allocations on different RBs in both the serving cell and neighbour cells—a way of implicitly conveying to a UE the precoding applied to other UEs has been proposed in [5];

· information on precoding used for other users in MU-MIMO—one such approach, where different PMIs are shared between neighbouring cells, has already been proposed in [6].
We believe that this improved signalling is required both within the access network and to/from the UE.
4. Conclusions

Interference management is a key aspect to be addressed in improving spectral efficiency in LTE-A. In order to progress this work it is necessary to establish whether network synchronisation can be assumed.

Considering the potential performance benefits from synchronous network operation for this and other features, we propose that while asynchronous operation should be supported, optimisation of new features in LTE (Release 9 onwards) should be under the assumption of network synchronisation, together with signalling provided to support inter-cell interference mitigation algorithms in the UE.
In addition, reference symbols for LTE-A should be designed with synchronised operation in mind. In particular, this should be the assumption when considering inter-cell orthogonality of CSI-RS. 
If CSI-RS in cells controlled by the same eNB cannot be easily be made orthogonal between cells, then this would severely limit the possibility of deployment of CoMP, even beyond Release 10.
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