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Discussion 

1
Introduction
This contribution discusses some of the L1 impact concerning a future proof high performance Coordinated Multipoint Transmission (CoMP) [1]. A scalable design will allow mobile network operators to trade off complexity versus performance combined with timely introduction of CoMP schemes
2
General CoMP Considerations 
The main goal for investigating CoMP techniques is to improve the system performance, especially at the cell edge, by overcoming the interference limitations in a frequency reuse 1 radio system. It is well known that interference of adjacent radio cells reduces significantly the performance in comparison to what can be achieved in a single cell scenario and reducing the interference from only one neighboring cell can significantly increase the MIMO gains.
From theoretical analysis and system level simulations large performance gains for full cooperation are well proven and understood [2]. As full cooperation over a large network is practically infeasible an overall system concept is required limiting cooperation to a limited and reasonable number of cells – so called cooperation areas. 
A future proof design of LTE-Advanced should provide the main means for solving the interference limitation problem. A scalable design will allow mobile network operators to decide about the level of cooperation they are willing to implement to allow for a trade off between complexity and performance. At the same time, one has to find a realistic balance between achievable gains and effort needed to sustain these gains.  
For the radio air interface there are mainly 3 topics that need to be addressed in the study:

i) Multi-cell channel estimation and the implications to the design of the common reference signals (CRS). 
ii) The increased uplink control channel capacity needed for feedback of multi-cell channel state information in FDD and TDD, for TDD some channel reciprocity might be exploited, providing the eNBs with sufficiently accurate knowledge of the cooperative area radio conditions. 
iii) The choice of precoding techniques to effectively reduce the residual interference. 
Changes are also needed in the downlink control signaling to signal CoMP setup and precoding information, but are not foreseen to require changes to existing signaling schemes other than possibly new PDCCH payloads and higher layer signaling parameters. 
Multi-cell channel estimation 
The basis for any advanced CoMP scheme really overcoming inter-cell interference is accurate multi-cell channel estimation. The achievable channel estimation performance, will naturally limit the achievable overall CoMP performance. Enhancements of multi-cell channel estimation compared to that on Release 8 CRS should be studied within the boundary given by the requirement of the cells being fully backwards compatible to Release 8 UEs. Some consideration to be taken into account in the study:  
· Inter-cell crosstalk of the CRS limiting estimation accuracy to the strongest eNBs forming the cooperation areas. 
· The overall reference signal overhead for multi-cell channel estimation must be restricted to a reasonable level
· CoMP is mainly applicable to low mobility user and the multi-cell channel estimation concept can be optimized for low mobility. 
Feedback channel

When the UE has an accurate knowledge of its radio environment including the radio channels to the serving as well as the interfering cells, this information has to be transferred to the eNB. The needed increase in UL control channel capacity must be investigated and compared to what can realistically be achieved. The areas for study are:

· The amount of feedback of PMIs or similar information need per measured cell and if the feedback information can be made sufficiently accurate to allow for powerful precoding techniques like ZF or LMMSE. 

· Feedback overhead should be limited. Possible means to limit feedback are:
· Restrict CoMP transmission to low mobility users (see above) 
· Apply some form of feedback reduction techniques. 
· High performance CoMP solutions are sensitive to CSI being outdated hence evaluations should be done with realistic feedback delays. 

Precoding
The current precoding is based on codebooks of relative small size, serving well for simple closed loop MIMO scenarios. In case of high performance CoMP solutions the codebooks for 2x2 and 4x4 potentially will limit the performance:

· The unitary codebook precoding concept, as being used for LTE Release 8 should be analyzed with respect to flexibility in user grouping and achievable interference suppression.
Further Issues
EUTRAN architeture issues like optimized eNB inter site interface should be included in the analysis. While throughput and latency of the interface are basically implementation specific, they influence overall performance significantly and should be taken into account for the performance analysis and for the system concept design by variation of capacity and latency of the eNB inter site interface.  
3
Conclusions
 It is proposed to concentrate the investigations for CoMP in the LTE-Advanced study item to multi-cell channel estimation, the needed and achievable uplink control channel capacity for feedback of the channel state information in combination with an improved precoding scheme as well as an enhanced control channel design. 
A future proof design will benefit from a scalable design, allowing timely introduction of low complexity to high performance solutions. 
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