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1
Introduction

The driver for increased coverage, cell-edge throughput and system throughput has mandated in RAN#50 plenary the continuation of coordinated multi-point (CoMP) transmission and reception studies. This study item is not new in 3GPP RAN1 as the topic has been under discussion for over a year, leading to quite some extensive research in terms of CoMP schemes and related aspects. In this contribution, based also on Release 10 learnings and decisions, we are providing views on the potential future schemes to be considered in this study item.
2
Past and future CoMP studies
Main CoMP concepts studied earlier
While extensive research has been devoted in Release 10 CoMP, one may summarize that the main candidate schemes considered are beamforming/ coordinated scheduling and joint processing. Gains from these techniques vary depending on the various assumptions and algorithms, placing joint processing as the most promising technique while other methods did not provide convincing results. 

Different CoMP schemes have different needs in terms of network coordination and backhaul link, all these being exposed to network latency. Perhaps one of the central questions is how CoMP is performed in terms of cooperation areas, two main directions being identified: the intra and inter-site cooperation.  One of the main CoMP conclusions of earlier studies was the utilization of X2 interface. As CoMP utilization of X2 would more likely require standardization effort, the community did not feel it is the time to embark on such a task, leaving X2 untouched and hence deprioritizing the schemes which involved information exchange on this link. 
Previous studies considered intra-site cooperation while simpler techniques such as coordinated beamforming (CB) were the main focus of the investigations. However, gains from such techniques were not convincing enough in order to allow CB standardization. There are however further exploration paths on intra-site techniques, such as joint processing, and in the light of the previous observation these should be prioritized. Intra-site operation avoids the X2 interface while scheduling complexity is also decreased as all decisions and information is available to the same eNB. In this category we consider remote radio heads (RRH) as a potential scenario, however simulation assumptions need to be discussed before embarking on this exploration path.
Observation: Continue prioritizing intra-site JP and CB/CS techniques for further investigation.
Observation: Careful consideration should be given to simulation assumptions if scenarios like RRH are to be investigated.

Release 10 design, gains and further schemes

We would like to point out several important Release 10 decisions and teachings we believe should be taken into account in the current discussion. First of all, Release 10 specifies future proof CSI-RS and RE muting. This is a solid foundation for more advanced CoMP studies.
Observation: Utilize CSI-RS and RE muting as specified in Release 10 in the CoMP studies.
Release 10 brought two important DL MIMO enhancements: the 8Tx double codebook was introduced and the evolution of the 2/4Tx MU-MIMO operation brought the introduction of DM-RS and CSI-RS package in addition to other changes like flexible precoding and MU scheduling. Throughout earlier CoMP discussions, various feedback mechanisms have been considered, exploring various schemes of explicit and implicit feedback. One of the main decisions has been to continue investigations assuming individual per-cell feedback as baseline [1]. In addition, implicit feedback should be the way in which CoMP schemes should be pursued. While explicit feedback seems attractive from the feedback information point of view, practical points such as testability, implementation complexity, standardization effort and limited backhaul link capacity make such schemes less appealing in real world, at least considering today’s technical limitations.

Observation: Implicit feedback and individual per-cell feedback should be the baseline for further CoMP schemes.
While so far CoMP gains have been mainly having Release 8 as reference, for further investigations one should consider best Release 10 operation, hence multiuser MIMO transmission.

Observation: Reference for gains comparison should be Release 10 MU operation (best Release 10 performance).

Heterogeneous network configurations
One of the Release 10 topics raising particular interest is heterogeneous networks. Interference avoidance mechanisms have been under discussion, and almost blank subframes (ABS) were introduced as one solution. An interference rich scenario may be an interesting territory to explore through CoMP, which so far focused more on homogeneous deployments. However one should bear in mind the limitations regarding X2 interface in HetNet configurations, and on the other hand one needs to remember that ABS can already be considered as coordinated scheduling, i.e. one type of simple CoMP. 
In the context of HetNet one may consider the pico, femto and remote radio heads (RRH). In CoMP context, a rough categorization of HetNet configurations may be done considering the availability of X2 interface and the array processing capability of the cell. It is noted that any specified CoMP schemes should preferably be supported in any kind of network deployments, in other words specifying different schemes for each deployment scenario is highly undesirable. Pico cells: benefit from X2 interface, light base stations by nature with (very) low number of transmit antennas. JP should consider the X2 limitations while CB is limited by array size. Femto cells: connected through S1 interface, similar or potentially with higher number of transmit antennas as pico. JP is drastically limited by S1 interface while CB could be attempted. RRH: fast connection to central eNB, benefiting from sharing the same scheduler. Potentially good number of transmit antennas. JP and CB are potential candidates.  From above considerations, RRH show most potential for CoMP investigation. 
Observation: If HetNet scenarios are targeted, practical limitations from homogeneous deployments apply. 
Additional schemes to be considered

So far in CoMP studies the goal has been to do the inter-cell interference mitigation at the network side, whereas UE receiver enhancements for the same purpose have not been studied much if at all. On one hand this seems like a strange approach as the UE receiver enhancements could potentially provide good gains at a much lower overall complexity. To be more specific, there are ways in which the network can aid the UE receiver to better suppress interference. For example, the variations in interference structure due to per PRB scheduling decisions, transmission schemes etc., might require additional tools in order to enable realistic interference estimation, tools which we believe should be studied in the current RAN1 SI. As such schemes require coordination of reference signal usage and/or scheduling, the schemes can be viewed as simple CoMP schemes. 

Observation: UE receiver enhancements based on coordinated transmissions between the cells should also be studied.
3
Conclusions
The following observations and proposals have been made:
· Continue prioritizing intra-site JP and CB/CS techniques for further investigation.
· Careful consideration should be given to simulation assumptions if scenarios like RRH are to be investigated.

· Utilize CSI-RS and RE muting as specified in Release 10 in the CoMP studies.

· Implicit feedback and individual per-cell feedback should be the baseline for further CoMP schemes.

· Reference for gains comparison should be Release 10 MU operation (best Release 10 performance).

· If HetNet scenarios are targeted, practical limitations from homogeneous deployments apply. 
· UE receiver enhancements based on coordinated transmissions between the cells should also be studied.
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