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1
Introduction
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. This paper provides discussion and text proposal for the problem analysis part of TR 36.742 section 5.1 [1].
2
Discussion
Cooperating transmission points (CoMP sets) and coordination areas (CA) are terms introduced and used in TR 36.819. The problem statement captured in TR 36.742, copied in annex of this paper, involves improving overall performances by optimization of the CAs. In order to analyze this problem we therefore need to look at different methods to define the CA.

For this there are two main options:

1. UE-centric, i.e. each UE is served by an own dedicated set of TPs and each UE is optimally served from CoMP perspective. 

2. Network-centric, i.e. a dedicated set of cooperating TPs is defined to provide the CoMP feature to all UEs being served in the coverage area of cooperating TPs, called CoMP coordination area (CA).

In the first option, user-centric CoMP, the CA is individually built for each UE which is therefore served by an own dedicated set of TPs. This results in many overlapping CAs, and each of them has to be continuously adapted according to the movement of the UE it is serving. An implementation based on this approach would also have to handle the question of the coordinating unit for such fast-evolving per UE CAs.

Observation 1: In a UE-centric solution each UE will be optimally served from CoMP perspective, but implementations will have to manage and provide radio resource coordination for multiple overlapping and fast-evolving CAs.

The second case (network-centric CoMP) is easier to realize due to its stationarity in terms of defining the master role, etc., but leaves areas where UEs cannot benefit from CoMP, namely at the border of CA where the dominant interferer belongs to a different CoMP TP set. 
Observation 2: In a network-centric solution some UEs will not be ideally served from a CoMP perspective, but implementation is simpler.

The ratio of UEs benefiting from CoMP (the dominant interferers of these UE belong to TP set of the CA) and those UE not benefiting (the dominant interferers of these UE do not belong to current TP set) is called CoMP penetration rate. Based on the above, it can be understood that the problem statement captured in TR 36.742 relates to how to find the best set of cooperating transmission points for network-centric CoMP (option 2) in terms of maximizing CoMP penetration rate. The UE-centric approach (option 1) is intrinsically based on using the best set of cooperating transmission points, but encounters significant challenges for implementations.

Observation 3: The problem statement captured in TR 36.742 relates to how to find the best set of cooperating transmission points for network-centric CoMP (option 2). 
Finding the right TPs being combined to an optimal CA (maximizing the CoMP penetration rate) depends on the spatial UE distribution, i.e. creating CAs such that the remaining CA borders match with areas with low UE density. And, because the spatial UE distribution can vary over time, the spatio-temporal UE distribution may need to be considered.

Observation 4: The optimal CA creation that optimizes CoMP gain depends on spatio-(temporal) UE distribution. 

For the case illustrated in TR 36.819 annex A, Fig. A.1-1, where the coordination area is limited to three sectors, the CoMP penetration rate is rather low (i.e. very few UEs have their e.g. 3 strongest cells belonging to the same coordination area). In this case many UEs will suffer from inter-CA interference. The larger the CA the smaller the areas representing CA borders, and hence higher CoMP penetration rate and CoMP gain, but also higher CoMP complexity, the theoretical limit being the network-wide CA. Maximum coordination area size was discussed in e.g. [2] taking into account the required amount of CSI-RS resources. It was shown that a coordination area size of 12 cells requires a significant amount of such resources. The trade-off between CoMP gain and complexity therefore seems to be situated at a slightly smaller CA size, e.g. around 10 cells.

Observation 5: The maximum CA size is limited by radio resource overhead (CSI-RS), and also by network signaling overhead. 

Solving the problem of optimizing the CoMP penetration rate may go beyond finding the optimal CA size. TR 36.874 concluded that there is strong impact on overall CoMP gain in inter-eNB scenarios coming from non-ideal X2 backhaul. X2 backhaul conditions will therefore have an impact on the how to construct CAs. 
Observation 6: Factors like X2 backhaul conditions will also have impact on creating the best CA.
A text proposal for problem analysis, based on the above observations, is provided in annex of this paper.
3
Conclusion
We have made the following observations:
Observation 1: In a UE-centric solution each UE will be optimally served from CoMP perspective, but implementations will have to manage and provide radio resource coordination for multiple overlapping and fast-evolving CAs.

Observation 2: In a network-centric solution some UEs will not be ideally served from a CoMP perspective, but implementation is simpler.

Observation 3: The problem statement captured in TR 36.742 relates to how to find the best set of cooperating transmission points for network-centric CoMP (option 2). 

Observation 4: The optimal CA creation that optimizes CoMP gain depends on spatio-(temporal) UE distribution. 

Observation 5: The maximum CA size is limited by network signaling overhead and radio resource overhead (CSI-RS). 

Observation 6: Factors like X2 backhaul conditions will also have impact on creating the best CA.

A text proposal for problem analysis, based on the above observations, is provided in annex of this paper.
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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:

There are two CoMP realization options:

1. UE-centric, i.e. each UE is served by an own dedicated set of TPs and each UE is optimally served from CoMP perspective. 

2. Network-centric, i.e. a dedicated stationary set of cooperating TPs is defined to provide the CoMP feature to all UEs being served in the coverage area of cooperating TPs, called CoMP coordination area (CA).

While for the first case (user-centric CoMP) the CA is individually built for each UE and needs to be continuously adapted with UE movement, the second case (network-centric CoMP) is easier to realize due to its stationarity in terms of defining the master role, etc., but leaves areas where UEs cannot benefit from CoMP, namely at the border of CA where the dominant interferer belongs to a different CoMP TP set. The ratio of UEs benefiting from CoMP (the dominant interferers of these UEs belong to TP set of the CA) and those UEs not benefiting (the dominant interferers of these UEs do not belong to current TP set) is called CoMP penetration rate in the following.

The above problem statement relates to how to find the best set of cooperating transmission points (TP) for network-centric CoMP (option 2) in terms of maximizing CoMP penetration rate.

For the case illustrated in TR 36.819 [3] annex A, Fig. A.1-1, where the coordination area is limited to three sectors, the CoMP penetration rate is rather low (i.e. very few UEs have their e.g. 3 strongest cells belonging to the same coordination area). In this case many UEs will suffer from inter-CA interference. The larger the CA the smaller the areas representing CA borders, and hence higher CoMP penetration rate and CoMP gain, but also higher CoMP complexity, the theoretical limit being the network-wide CA. Maximum coordination area size was discussed in e.g. [x1] taking into account the required amount of CSI-RS resources. It was shown that a coordination area size of 12 cells required a significant amount of such resources. The trade-off between CoMP gain and complexity therefore seems to be situated at a slightly smaller CA size, e.g. around 10 cells.

Solving the described problem may go beyond finding the optimal CA size. TR 36.874 [4] concluded with strong impact on overall CoMP gain in inter-eNB scenarios coming from non-ideal X2 backhaul. X2 dynamic backhaul conditions, such as bandwidth and latency, will therefore have an impact on how to construct CAs. Combining the right TPs to an optimal CA (maximizinh the CoMP penetration rate) also depends on the spatial UE distribution, i.e. creating CAs such that the CA borders match with areas with low UE density. And because the spatial UE distribution can vary over time, the spatio-temporal UE distribution may need to be considered.
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