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1. Introduction 
In [1] the key areas of the requirements for LTE-A were summarised, together with the technology aspects which we identified as being relevant to each area of the requirements. 
In this document, we focus particularly on three areas which we see as fundamental to the successful development of LTE-A. These are:

a) Control signalling design to address wider bandwidths and aggregated spectrum

b) Downlink multi-user MIMO to address system-level spectrum efficiency

c) Inter-cell and intra-cell interference management

2. Control signalling design

In order to support legacy LTE terminals, LTE-A must be able to provide the same common channels as LTE. This includes:
· PSS / SSS

· Common RS

· PBCH

· PDCCH / PHICH

For the PDCCH, it is difficult to modify directly the common search space, as one use of it is for messages using the SI-RNTI for BCCH signalling, which have to be receivable by all UEs.
However, for LTE-A UEs it is likely to be necessary to extend the resource allocation signalling on PDCCH to cover wider bandwidths and aggregated non-contiguous bandwidths, but without, we believe, having a significant impact on the number of blind decodings required. The latter is important for keeping the system overhead and the complexity of terminals manageable as LTE moves to more varied spectrum deployments – especially as in general the amount of resource allocation signalling grows exponentially with system bandwidth if the granularity and flexibility remains the same. 

For example, we recognise that the work on LTE-A should consider more efficient UE-specific search-space design for the control signalling. It may be possible to design the search space with the aim of achieving sufficiently low collision or blocking probability between different signalling messages and at the same time reducing the number of blind decodings needed. 
We also believe it is important that not all LTE-A terminals should have to be capable of 100MHz bandwidth. This allows a further route to keep reasonable complexity and cost for some LTE-A terminals, but it does not obviate the need for efficient signalling design in order to control the system overhead and cost for high-end LTE-A terminals. 
3. Downlink Multi-User MIMO

In order to support high user densities in limited spectrum, it is vital that LTE-A achieves high spectral efficiency not just in the centre of the cells but across the system deployment. Since the theoretical bound on system capacity is achieved using MU-MIMO, this means that the focus of MIMO in LTE-A should be in particular on spatial reuse between users rather than purely on single-user spatial multiplexing. 
Enhanced downlink multi-user MIMO is one important means for achieving this. 

MU-MIMO in Rel-8 is very closely related to the techniques designed for SU-MIMO, whereas in practice more significant improvements in total system throughput and spectral efficiency can be achieved by means of different feedback and beamforming techniques. 

The theoretical upper bound on system throughput with MU-MIMO is achieved with Dirty-Paper Coding [2 – 4] and full channel state information at the transmitter. However, in practice such schemes are probably not feasible due to the amount of feedback information required. 
Therefore it is of interest to use the DPC upper-bound as a benchmark, and to investigate how to approach this for LTE-A techniques with a lower feedback overhead but greater spectral efficiency than Rel-8.
In particular, we propose to consider:

· not limiting the transmitter codebooks to being unitary

· making use of non-codebook based closed-loop beamforming

· extending the use of UE-specific reference symbols to the case of MU-MIMO to enable channel estimation to support non-codebook based beamforming. 

· enhanced CQI/PMI feedback based on approaches such as channel vector quantisation (CVQ) [5] and successive refinement [6].
When considering schemes based on UE-specific reference symbols, the overhead of the UE-specific reference symbols should be compared against the signalling overhead required to indicate a sufficiently-accurate quantised version of an unconstrained non-codebook based beamformer. 
4. Inter-cell an Intra-cell Interference Management

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 but not removed. 
Interference cancellation techniques should be supported in LTE-A. A prerequisite for this is synchronisation of the network. We believe that network synchronisation is both feasible and strongly beneficial in the timeframe of LTE-A; we therefore consider that the LTE requirement to function without network synchronisation should be removed for LTE-A, so that an LTE-A UE operating in an LTE-A cell can 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;

· information on precoding used for other users in MU-MIMO.

5. Conclusions

We have highlighted three key technology areas which we believe will be important enablers for the LTE-A requirements. 

In particular we propose:

· Consideration should given be designing the PDCCH signalling in a way which entails both low overhead and low decoding complexity. For example, search spaces could be designed to minimise collisions when considering resource allocations for broad and diverse spectrum arrangements, in order also to allow minimising the amount of blind decoding required. 

· Enhanced MU-MIMO techniques should be considered to improved overall system spectral efficiency, including considering non-codebook based beamforming techniques based on extended use of the UE-specific reference symbols.

· Network synchronisation should be assumed.

· Signalling to support inter-cell and intra-cell interference mitigation algorithms in the UE should be considered. 
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