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1 Introduction

In RAN#53, CoMP WID was agreed in [1] with the work for specifying CoMP support in Rel-11 focusing on
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking
This paper discusses the pros and cons and specification impacts of these different kinds of CoMP schemes, and proposes a suitable prioritization for Rel-11.  
2 System Analysis of DL CoMP Schemes in LTE Rel-11
2.1 Coherent Joint Transmission scheme
A coherent JT scheme was assumed in most of the evaluation results in the CoMP SI.  Coherent JT provides coherent combining gain and is observed to be the best performing among all the schemes.  However, it is the most challenging in terms of system design to realize the performance gain.
· CSI feedback and precoding – Multi-point CSI feedback of all points in the CoMP cooperative set are required.  CSI feedbacks could be per point or aggregated over multiple points.  Additional phase offset between two TPs are required when per point feedback is employed to achieve coherent JT.  The challenge in the feedback of phase offset between two TPs is the Tx phase drift at each TP, which is associated with the frequency stability of oscillator.    
· DL control signalling – DL control signalling needs to indicate which Tx points should be used for CSI reporting.  It should be sufficient to configure this semi-statically through higher layer signaling or dynamic configured through PDCCH.  
· DL RS – Multi-point CSI-RS configurations are required for CSI feedbacks.  Current CSI-RS and muting design in Rel-10 are basically sufficient; the small enhancements needed are described in [3]. Multi-point DM RS is essential for channel estimation to achieve coherent demodulation and combining.  
· HARQ and A/N – DL data needs to be fully synchronized at all Tx points in the cooperative set for a UE to receive and combine coherently.  The retransmission buffers at all Tx points need to be synchronized too, after each A/N reception, since the UE’s A/N feedback is detected at the serving cell only. This will increase the backhaul load.    
· RRM coordination – To support JT, the RRM functionality needs to determine the cluster size of the cooperative set for CSI reporting and transmission.  The clustering could be static, semi-static, or dynamic. RRM coordination is required among the transmitting points in the cooperative set for radio resource allocation, spatial coordination, MCS selection, and power allocation, irrespective of whether the RRM functionality is centralized or distributed in the E-UTRAN implementation. 
2.2 Coordinated Scheduling / Coordinated Beamforming
CS/CB are the simplest CoMP schemes to mitigate inter-cell(points) interference through coordination in resource allocation and spatial domain.  The CS/CB performance might not be as good as coherent JT.  CS/CB involves single cell transmission with additional resource and spatial coordination between TPs.  The increase of system complexity to support CS/CB scheme is relatively small compared to other CoMP schemes. 
· CSI feedback and precoding – Rel-10 single cell CSI feedback is good for coordinated scheduling.  To support coordinated BF, multi-point spatial information of all points in the CoMP cooperative set is required.  Local precoding is used for CB, taking into account the spatial channels of other points to minimize interference.  

· DL control information – Single cell DL control is sufficient to support CS/CB.  

· DL RS – Rel-10 CRS and CSI-RS are sufficient for CSI feedback for CS/CB schemes; higher layer signalling to configure multiple non-zero-power CSI-RS resources for a UE is beneficial in spatial coordination. Rel-10 DM RS is also basically sufficient for CS/CB channel estimation, though increased dimensions of orthogonality should be considered for scenario 4 [3].  

· HARQ and A/N – Rel-10 single cell HARQ operation for DL MIMO from serving cell is sufficient for CS/CB.
· RRM coordination – RRM coordination is the critical element in supporting CS/CB.  The coordination of RRM functions includes radio resource allocation, spatial coordination, MCS selection, and power allocation.    
2.3 Dynamic Point Selection

Dynamic point selection (DPS) is an extension of CB to select the best Tx point in the cooperative set. It provides selective combining gain with spatial coordination.  It The selection of the best Tx point requires spatial coordination among TPs in the coordinated set.  Multi-user coordination is needed when no dynamic blanking is used.   
· CSI feedback and precoding – Multi-point CSI feedbacks for all points in the CoMP cooperative set are required for dynamic point selection.  The selected transmission point uses its local precoding.  

· DL control information – Same as for CS/CB.  

· DL RS – Same as for CS/CB.  

· HARQ and A/N – DL data needs to be fully synchronized at all Tx points in the cooperative set.  The retransmission buffers at all Tx points need to be synchronized too, after each A/N reception, since the UE’s A/N feedback is received at the serving cell only.  This will increase backhaul load.  
· RRM coordination –RRM coordination is essential to support DPS.  The coordination of RRM functions includes radio resource allocation, spatial coordination, MCS selection, power allocation, and user selection.    

3 Conclusions
In view of the above considerations, we propose that CS/CB should be prioritized for the DL CoMP scheme in Rel-11.  
Most of the Rel-10 single cell operation could then be reused with additional enhancements in multi-point CSI feedback and RRM coordination.  DPS offers additional switching diversity gain over CS/CB; however, DPS has additional requirements in data and retransmission buffer synchronization, which would adversely impact the backhaul capacity, and this should be carefully considered before deciding to add DPS functionality to the CS/CB solution.  Coherent JT provides the most benefit in performance over baseline MIMO system and may be achievable in CoMP scenario 4 and in TDD without significant standardisation impact, but for other scenarios, JT would demand further enhancements in CSI feedback/precoding, DL RS, control information, data and buffer synchronization, and full RRM coordination, as well as being sensitive to phase drift between the antennas of the different Tx points, and therefore in order to achieve the promised level of system performance of coherent JT, the complexity and the cost of the UEs and E-UTRAN are likely to increase significantly. Therefore, we propose that the general application of JT is better suited to a later release. 
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