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1
Introduction
Coordinated Multipoint Operation has been proposed as part of the LTE-A. The potential for CoMP transmission schemes to significantly improve upon cell edge and system performance has clearly been recognized during the preliminary discussions under the scope of the CoMP SI. Following the revision of scope of the SI in RANP#50 [1], the study of CoMP transmissions schemes in R11 will notably include more deployment scenarios such as HetNets, and at least nominally include UL CoMP.
In this contribution, we provide several high-level considerations on R11 CoMP that we deem pertinent with respect to priorities for the performance studies of candidate CoMP transmission schemes.
2
Discussion
TR 36.814 defines two categories of CoMP transmission schemes, Joint Processing (JP) and Coordinated Beamforming/Coordinated Scheduling (CS/CB). JP is further categorized as joint transmission (JT) and dynamic cell selection (DCS). We briefly characterize each family here:
JT:  
Data is transmitted to the UE from multiple TP’s such that the UE received SINR is improved. In other words, JT CoMP converts a multi-cell interference channel into a distributed MIMO system. The gain of JT is expected from the Rx signal strength improvement and interference reduction. JT typically requires precise knowledge of CSI at the eNB, and precise information of phase and timing offsets for coherent combining. JT requires that all cells part of the CoMP TP set share not only the CSI but also the data that is to be transmitted.
DCS: 
Data is transmitted to the UE from one instantaneous TP every TTI. The Rx signal strength may be improved by choosing the TP with the best radio conditions. The gain in DCS thus also comes from the Rx signal strength improvement and interference reduction. DCS typically requires the administering scheduler to know the DL channel conditions of all the links. Similar to JT, data needs to be shared among CoMP TP set. As opposed to JT, DCS does not require precise information of phase and timing offsets.

CS/CB:
Data is always transmitted from the serving cell to the UE. With CS/CB, coordinated scheduling helps to control the interference generated in the CoMP TP set in time and frequency domain; while coordinated beamforming further controls the interference in the spatial domain. In essence, the gain in CS/CB comes from interference reduction (system gain). In general just like JT, CS/CB requires the schedulers in the CoMP transmission points to be synchronized. However as opposed to the JP approaches, CS/CB generally does not require highly accurate CSI and precise information of phase and timing offsets of all CoMP TP’s.
Many CoMP performance results resulting from theoretical evaluations, simulation campaigns, as well as live testbed setup’s have been reported both in 3GPP and by external sources ([2]-[4]).

Due to many varying simulation assumptions or testbed setups, such as ideal vs. realistic feedback, setup of CoMP cooperating set or clusters, implementation of control/data exchange over X2 or equivalent, reported CoMP performance results reported so far span a wide range of values. Clearly, in some application scenarios and for some CoMP transmission strategies, losses are reported when compared to R8 LTE [2].

At this point it would be premature to draw definite conclusions on CoMP performance, even more so in view of the RRH and HetNet scenarios that are now to be considered in the revised R11 CoMP SI. In order to keep the amount of expected simulation work reasonable and to obtain a set of consistent results, it is desirable to focus the efforts on CoMP schemes/scenarios that are deemed most relevant and feasible. The latter is particularly important with respect to intra- and inter-site backhaul interface requirements.

Since JT schemes need to exchange PDSCH data control/scheduling information (ex: precoders, MCS, HARQ, RLC/MAC sync) and CSI among cells, these typically require very-low-latency high-capacity backhaul interfaces. In general, we recommend considering JT strategies as most suitable for intra-site scenarios including RRH’s. Furthermore, CoMP transmission schemes requiring signal phase alignment at the UE may not be practical when considering realistic feedback delays, especially in high-mobility environments. On the other hand, coordinated beamforming  strategies may be more appropriate for cells with antennas located above rooftops. In addition, since CS/CB schemes in general rely less on accurate CSI across multiple CoMP TP’s, this results in a much broader potential applicability for these schemes. 
JT COMP transmission strategies in their most simple form may be conceived as single stream methods, e.g. the same data is transmitted from at least two cells to a particular user. Consideration should also be given to define scenarios for multi-flow transmission concepts in the logic of the R11 HSPA multipoint transmission schemes for the R11 COMP SI.
Recommendation
Consider CS/CB for a broader range of cell deployments and mobilities; while considering JT CoMP transmission strategies for low-mobility, intra-site and inter-site scenarios with low latency and high capacity X2 connection only.
Another practical consideration regarding R11 CoMP work results from the observation that R10 has introduced several new features such as Carrier Aggregation and DL Tx Extensions that give rise to potentially more complicated operating scenarios for R11 CoMP. Similarly, while early CoMP work was primarily based on the assumed presence of R8 UE’s in the network, the revised timeline of CoMP support in 3GPP networks now poses the challenge to deal with both UE’s supporting R8 features, and UE’s supporting (some) R10 features.

Clearly, not degrading the observed performance of legacy R8 UE’s operating in presence of CoMP enabled network equipment is a non-negotiable requirement for the performance study. However, one question is whether the candidate CoMP transmission schemes should be optimized under the assumption that the R10 UE supports new R10 features like the DM-RS and CSI, vs., a performance improvement is equally expected for all transmission modes. We think that CoMP performance should result in significant (even transparent to the UE) improvements for all transmission modes, while special consideration should be given to CoMP performance of R10 UE’s supporting the new R10 features such as DM-RS and CSI.
Similar considerations hold true for R10 handsets that support carrier aggregation. CoMP transmission schemes under consideration for R11 should be based on the assumption that not more than the number of available DL RF paths as by the R10 UE categories 6-7 are used. We believe this is important as a requirement in order to avoid design requirements resulting in a large delta when compared to R10. 

Recommendation

The performance of CoMP transmission schemes should result in improvements for non-R10 transmission modes, while expected CoMP performance can be optimized for R10 UE’s supporting the new R10 transmission modes.
Support for R11 CoMP transmission schemes should not result in any change to the number of RF paths supported in handsets when compared to R10 UE categories 6 and 7.
3
Conclusions
In this contribution, we provide several high-level considerations on R11 CoMP that we deem pertinent with respect to priorities for future performance studies of candidate CoMP transmission schemes.
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