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1. Introduction

Coordinated Multi-Point (CoMP) transmission has been viewed as a technology to improve the spectral efficiency and cell coverage in interference-limited deployment scenarios. Extensive discussion and performance analysis on CoMP have been performed in the SI phase of Rel.10 where conclusion is reached that no new feature to support CoMP is specified prior to Rel.11 [5]. Note that standard-transparent CoMP has always been possible [4]. In this contribution, we present our views on the spatial domain CoMP operation schemes for Rel.11 downlink, including categorization of CoMP schemes, enabling features and consideration on the deployment constraints.   
2. High-level Summary of CoMP for Rel.11
Based on extensive discussion on CoMP in Rel.10 two categories of schemes are specified in 36.814, i.e., joint processing (JP) and coordinated beamforming/scheduling (CB/CS)
Joint Processing – (JP)

· Joint Transmission: PDSCH transmission from multiple points (part of or entire CoMP cooperating set) at a time: data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs

· Dynamic cell selection: PDSCH transmission from one point at a time (within CoMP cooperating set)  

Coordinated Scheduling/Beamforming - (CS/CB): 
· Data is only available at serving cell (data transmission from that point) but user scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set.

To enable CoMP cooperation, information sharing across transmission points is essential. This involves PDSCH data, downlink CSI, as well as tentative scheduling decisions (e.g. CoMP with iterative manner coordination). Regardless of JP or CB/CS, sharing of scheduling decision and DL CSI is likely needed to facilitate optimization of the beamforming/scheduling choices. In addition, PDSCH data exchange is further required for certain schemes (e.g. joint processing) and therefore introduces more challenges in the backhaul link. Previous studies have been largely focused on intra-site cooperation due to its avoidance of the X2 delay and capacity constraints, and limitation of scheduling complexity within a single eNB. For Rel.1l, our view is that intra-site CoMP can still be a prioritized scheme. For inter-site CoMP schemes, the constraints of large information sharing, including any possible limitation in available backhaul capacity, backhaul delay, and CSI timeliness should be taken into account in the performance analysis. Note the CSI sensitivity not only depends on the UE mobility, but also heavily depends on the rapid fluctuation of interference common known as “flash-light effect”.
For CB/CS, various schemes with iterative manner of cooperation have been proposed. Denote the beam weight as Wi,k
· A UE reports per-cell CSI as CSI1, CSI2, …CSIN, where CSIk is the per-cell PMI/CQI feedback of the k-th cell. 
· For each iteration, 
· For the i-th UE, the beamforming weight Wi,k of the k-th cell is updated based on the hypothetical signal from the cooperating CoMP cells, to strengthen the received signal (serving cell) or minimize the signal (non-serving cell). 
The above process terminates after a given number of iterations, or when the transmission weights are sufficiently stable. 
For CB/CS user pairing is important to align the spatial interference between different cells. In principle, the beam weights for any user in its serving cell should generate as little interference to another scheduled user in the adjacent cell. Assuming cell k is the serving cell of user i and non-serving cell of user j. One possible example for user pairing is such that the suggested beam direction for user i PMIi,k (or the computed beamforming weight Wi,,k ) is orthogonal to, or has a low correlation with, the PMI feedback from user j to the k-th cell. 

In either case, only the scheduling decision (tentative user indices, frequency assignment) and beamforming weights need to be exchanged on the backhaul, and thus requires no L1 signalling specification. The main L1 specification required appears to be the per-cell CSI feedback captured in 36.814 [1]. For each cell, the same CSI feedback framework per Rel.10 shall be naturally used as the baseline. Any additional standardized feature for per-cell feedback should be justified by sufficient system performance gain. In this regard, some of the feedback enhancement techniques proposed in the Rel.10 timeframe for MU-MIMO enhancement can be re-evaluated in the context of CB/CS CoMP especially for more interesting scenarios such as heterogeneous networks. For instance, increasing the resolution of CSI feedback via supplementary MU-enabling feedback may prove to be more beneficial in the CoMP scenario.
For coherent JP that requires inter-cell co-phasing information for coherent beamforming, further information involving inter-cell CSI may be needed. This may be achieved with a separate codebook for quantizing the inter-cell phase difference, or by reporting such information directly. The additional feedback overhead (arising from the inter-cell CSI) and associated measurement accuracy, the tight synchronization requirement (within cyclic prefix) across cooperating cells, and increased backhaul requirement of JP over CB/CS shall be weighted against potential system performance improvements. 
Homogenous network was the focus of CoMP study in Rel.10, which in our view is still an important use case in the future releases. In Rel.11, CoMP in heterogeneous network between macro and smaller size cells has been noted [2]. In our view, CoMP operation in heterogeneous setup (especially spatial coordination) should be prioritized for scenarios where backhaul links with sufficient capacity and latency capability are available to achieve realistic inter-cell information exchange, e.g. between macro and pico-cell, or with RRHs. 
3. Conclusions

In this contribution we briefly presented our views on CoMP operation in Rel.11, including CoMP scheme categorization, CSI feedback, possible CoMP deployment scenarios, and some deployment constraints. 
· For CB/CS

· Per-cell feedback appears to be the main L1 standardization work. 
· Baseline is Rel.10 framework.

· Schemes targeted on increasing CSI accuracy for MU-MIMO can be re-evaluated under possibly more interesting CoMP scenarios.

· Additional standardized feature for inter-cell feedback should be justified by potential performance improvement.
· For JP, inter-cell phasing may rely on a separate codebook for implicit quantization or separate report for each link.
· Additional complexity requirements of JP over CB/CS are significant and need to be weighed against the potential performance gain. Overall, CB/CS seems to be a feasible technique of which some additional standardization works can be further studied in the Rel.11 timeframe – especially for more interesting scenarios such as heterogeneous networks. 
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