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1
Introduction
This paper provides discussion and text proposal for the problem analysis part of TR 36.742 section 5.1 [1].
2
Discussion
A problem statement for the SON for eCoMP study item was agreed by RAN3#93 and captured in the TR. It was also agreed to associate the problem statement with a problem analysis text. 

The attached text proposal for the problem analysis looks at different approaches to bundle transmission points into clusters. The user-centric approach is the most obvious one from a conceptual point of view, while complex in terms of implementation due to dynamic aspects. The target of this approach is to find, for each served UE, a cooperation area (CA) containing the, e.g., 3 strongest cells for the UE. However this CA would need to be updated if the UE moves and gets a new set of 3 strongest cells, even while keeping the same serving cell.
From an implementation point of view the simplest approach is probably the use of non-overlapping, statically defined small (e.g. 3 cells) CAs. However a drawback of such network centric approach is that very few of the UEs served within the CA will actually be in a radio situation where the 3 cells composing the CA are the 3 strongest cells. Therefore very few UEs will benefit from CoMP in such approach.
However the probability that a given served UE will have its 3 strongest interfering cell within its current CA would increase if the CA size is increased in terms of number of cells. But the feasible CA size is limited due to coordination overhead and CSI-RS resource overhead which may explode as discussed in [3], showing the high quantity of CSI-RS resources required e.g. in a cluster of 12 cells. 

Based on the above, it is possible to find compromise solutions in terms of CoMP gain and complexity based on network-centric approaches with an upper limit of cooperating TPs but with capability of flexible cooperation area (CA) allocation and/or operation (cf. e.g . [3] and [4]).  

All these aspects are further detailed in the text proposal in annex of this paper, which also discusses how the different approaches could map on centralized (O&M-based) SON solutions, and on distributed SON solutions.
Proposal: RAN3 is kindly requested to agree on the text proposal for problem analysis in annex of this paper.
3
Conclusion
We have outlined different approaches for definition of cooperation areas (CA), and make the following proposal:
Proposal: RAN3 is kindly requested to agree on the text proposal for problem analysis in annex of this paper.
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Annex – TP to TR 36.742 section 5

This TP is based on [1].

<<< TP start >>>
5
Problem to be solved and related use-cases
5.1
Problem statement and analysis

Problem statement:

The problem to be studied is to identify those CoMP transmission points (TP) that maximize the average and cell edge User Packet Throughput gain when cooperating, taking into account real operating conditions, including:

· connectivity aspects, in particular backhaul performances;

· cell layout taking into account deployment and propagation irregularities;

· spatio-temporal user traffic distribution;

· temporary or permanent changes in network topology.
Problem analysis:

The described problem relates to radio network performance optimization in terms of user packet throughput. In a typical cellular network deployment the operator will strive to maximize the cell throughput while still applying fairness constraints for the purpose of serving cell edge users. The above problem statement specifically addresses how to, in real operating conditions, optimally cluster CoMP transmission points so that both cell throughput (resp. spectral efficiency) is optimal under given fairness constraints and at the same time provide further improved QoE for cell edge users (QoE ubiquity). 

First, the described optimization problem is analyzed in general terms (TP clustering approaches) and then we look at how these approaches map to possible solutions.

One common legacy clustering approach is based on network-centric cooperation, meaning use of fixed pre-defined clusters, typically derived from regular hexagonal layout. The definition of these clusters may take into account backhaul performance and cell lay out, but will be fixed regardless of user traffic distribution and actual channel conditions. The most obvious and simplest case of network-centric cooperation is the intra-site cooperation aiming at reducing inter-sector interference. Unfortunately, intra-site cooperation does not help the most interference-limited UEs at the cell borders between adjacent sites which suffer from low Rx signal power in addition to interference. In theory, a particular case of network-centric cooperation would be the use of a network-wide cooperation area,  meaning that a single cluster embraces the whole network. In this case there would be no inter-cluster border. Such solution would represent the upper theoretical bound in terms of performance. Unfortunately, clusters with a high number of transmission points and à fortiori network-wide clusters are unrealizable due to coordination complexity and the exploding scheduling resource overhead that comes as a consequence of the high number of CoMP hypotheses that need to be verified within the cluster. The verification of such CoMP hypotheses requires definition of specific interference measurements (CSI-IM) and the allocation of specific DL resources for the associated reference signals (ZP and NZP CSI-RS).
The other extreme case would be to give up the network-centric cluster approach and go for user-centric cooperation, where the cooperation areas are constructed around the UEs so that they include e.g. the 3 strongest cells, thereby maximizing the overall CoMP gains for each UE. User-centric cooperation is definitely beneficial for overall large CoMP gains, as cancelling of weaker interferers would provide only marginal gains in the presence of stronger interferers. A user-centric cooperation area may be set up based on UE RSRP measurements and take into account actual user traffic and hence the spatio-temporal user traffic distribution. A fully user-centric cooperation approach might still show limitations if the number of cooperating TPs becomes too limited due complexity reasons and, furthermore, in scenarios with random UE distributions where the number of possible cooperation areas will be very high and the likelihood of finding more than one UE wishing to have one particular cooperation area will be small. Also moving UEs and fast scheduling between different UEs might lead to a very dynamic setup of active user-centric cooperation areas coming at the cost of high coordination and signalling overhead. 

Therefore, a compromise in terms of CoMP gain and complexity for further consideration is the network-centric approach with an upper limit of cooperating TPs but with capability of flexible cooperation area (CA) allocation and/or operation. SON solutions are today categorized in two main families:

· Centralized SON solutions – where SON decisions are taken within a central O&M system. The decisions are based on information reported from the RAN nodes, and communicated back to the involved RAN nodes.

· Distributed SON solutions – where SON decisions are taken within the RAN. The decisions are based on information collected internally by the RAN node as well as reported on network interfaces, in particular X2. Information about SON decisions may also be signalled on X2.

Legacy network centric CAs, including intra-site CAs, where e.g. user distribution and transport network (backhaul) load is not impacting the CA allocation and operation, may rely on centralized SON mechanisms because not dependent on information signalled on network interfaces. Such solutions may still require standardized measurements and reporting from the UE and possibly also benefit from standardized eNB measurements. However, as described, such solutions provide sub-optimal CoMP gains either due to inter-CA interference (which is the case for e.g. intra-site CoMP) or due to complexity and resource overhead (case of big or network-wide clusters). 

In a solution based on user-centric cooperation RAN nodes would have to permanently signal information relative to CA allocation and deallocation based on mobility and scheduling needs of served UEs. Such signalling would require the use of network interfaces, and hence come under the category of distributed SON solutions as defined above. 

Also the considered compromise based on a network-centric approach with an upper limit of cooperating TPs would require transfer of information between RAN nodes to enable flexible cooperation area (CA) allocation and/or operation. And while a centralized SON solution may be considered for network-centric cooperation it might be too sluggish for user-centric cooperation where CA has to move along with the user. The objectives of this study (clause 4.1) therefore focus on distributed SON solutions to achieve a compromise between network-centric and user-centric cooperation.

<<< TP end >>>
