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1 Introduction
Two coordination schemes introduced in [1], namely centralized coordination scheme and distributed coordination scheme, are further discussed. Basd on the comparison, it is observed that the centralized coordination scheme has advantages over the distributed coordination scheme.
2 Discussion
2.1 Centralized coordination scheme
In the centralized coordination scheme, two way dynamic signaling is achieved; the channel information of the UEs served by the eNBs in the coordination area is signaled to the Central Entity (CE) and the Resource Block (RB) coordination information of the receiver eNBs is delivered to the eNBs. The eNBs may make further specific RB allocation for each of their serving UEs based on the received RB cooridnation information from the CE. This scheme does not necessarily require a new physical node, e.g. the CE may be a part of an eNB. Thus, throughout the paper the CE may refer not only to the new node but to the eNB with the centralized coordination function. An example signal flow for the centralized coordination scheme is depicted in Figure 1.
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Figure 1: An example signal flow of the centralized coordination scheme.
0.  The CE sends the  Reference Signal (RS) coordination information, i.e. SRS Coordination Info and Pattern for CSI-IM Resource to the eNBs in the coordination area.
Each of the eNBs in the coordination area may configure per UE resources for SRS based on the SRS Coordianation Info. Thanks to the SRS Coordianation Info, neighbor cells in different eNBs can assign different resources for SRS to their own serving UEs.
The eNB generally follows the on/off pattern in the Pattern for CSI-IM Resource, i.e. transmits or does not transmit Channel State Information (CSI)-RS as indicated for each of the CSI-IM resources (the on/off pattern is provided per CSI-IM resource). The eNB may configure its UE’s CSI-IM resources so that the eNB can collect the UE’s specific interference situation.

1. Each eNB sends the Measurement results and User Perceived Throuput (UPT) to the CE.
The Measurement results may include CSI Report and Measured SRS Power. The CSI Report may be provided per UE whereas Measured SRS Power may be provided per cell. The User Perceived Throughput is defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst [2]. This may be provided per UE.
The eNB may provide the Measurement results and User perceived throuput of those UEs that will be scheduled in step 4.
2. The CE performs optimization with respect to the RB coordination. The optimization may conform the following principle; e.g. the RB coordination is formulated so that the total sum of the Proportionally Fair (PF) metric for the cells in the coordination area is maximized. For the calculation of PF metric, the information received in the step 1 may be exploited.
3. The result of the calculation in step 2, i.e. RB Coordination, is provided to the eNBs. In addition, the SRS power measured by other cells, Measured SRS Power, is obtained by the eNBs.The RB Coordination may include not only the bitmaps of the cells in the receiving eNB but also the bitmaps of neighbor cells. With this information, the eNB may derive interference intensity from each of its neighbor cells.
4. Each eNB performs scheduling for the UEs whose information have been sent in step 1 based on the RB Coordination. The eNB may additionally use more recent CSI reports from the UEs than the ones sent in step 1. The eNB may perform Joint Transmission within the cells of itself, avoid scheduling of UEs on the RB that is also assigned for the interfering neighbor cell, etc.
More detailed explanation on this coordination scheme is made in [3].

2.2 Distributed coordination scheme
In the distributed coordination scheme, the dynamic signaling is one way; the one way dynamic signaling includes e.g. per UE RB allocation information of the sender eNB, RSRP measurement reports, etc. The receiver eNB takes the received infromation into account when it performs RB allocation. Figure 2 shows an example signal flow for the distributed coordination scheme based on [4]. In this particular example, RB allocation information is included in the one way dynamic signaling.
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Figure 2: An example signal flow for the distributed coordination scheme based on [4].
0.  eNB 1 decides the target cooperating cell (in eNB 2) based on e.g. the long-term channel information of its serving UEs. eNB 1 then sends the SRS Configuration Info to eNB 2. The SRS Configuration Info may be transmitted per UE so that eNB 2 may grasp which UE served by eNB 1 is subject to interference caused by itself e.g. if the SRS power measured by eNB 2 is high on the SRS resource configured for the UE 14 served by eNB 1, then eNB 2 is raising a considerable amount of interference to UE 14 of eNB 1.
1. eNB 1 sends the RB Allocation Info to the eNB 2. The RB Allocation Info is given per UE.
2. eNB 1 schedules based on the RB Allocation Info. eNB 2 performs scheduling taking into account the RB Allocation Info and SRS power measured in eNB 2. For example, if the measured power of SRS received from the UE 14 served by eNB 1 is high then eNB 2 tries to mitigate interference in the RB allocated for UE 14.
2.3 Comparison

Performance

Figures 3 and 4 show the comparison between two coordination schemes. From the figures, it is observed that the centralized coordination scheme has performance advantage over the distributed coordination scheme. The vertical axis represents the UPT gain in percent over the intra-eNB CoMP. Label “5%” represents that those bars are the results of the  worst 5% UE, i.e. edge UE.
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Figure 3: UPT gain for Small Cell Enhancement (SCE) scenario 2a. Scheme-1: Distributed coordination scheme, Scheme-2: Centralized coordination scheme [5].
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Figure 4: UPT gain for CoMP Scenario 2 [6].
Role decision
In the centralized coordination scheme, the roles of the CE and eNB are very clear; the eNB provides necessary information for RB coordination, the CE performs RB coordination and the eNB schedules UEs based on the RB coordination. The roles are naturally defined by introducing the CE.
In the distributed coordination scheme on the other hand, determining which eNB takes the role of the dynamic signaling sender or receiver, may need to resort on the operator configuration or inter-eNB negotiation. If the interference environment is static, configuration based role decision might be fair enough but in fact the interference environment may vary dynamically for various reasons, e.g. active antenae system, energy saving, etc. Inter-eNB negotiation on the roles requires additional signaling load.
eNB implementation dependency

eNBs from different vendors may deploy different scheduling algorithms. This will impact both coordination schemes since in both schemes the eNB performs UE-wise scheduling. However, the fact that the CE firstly performs the RB coordination among cells in the coordination area and the eNB performs scheduling based on the RB coordination, ensures the centralized coordination scheme to be more reliable and predictable than the distributed coordination scheme where once the eNB receives the dynamic signaling, RB allocation is totally upto the eNB.
Signaling load

Figures 5 and 6 show dynamic signaling between the CE and the eNB for the centralized coordination scheme and between the eNBs for the distributed coordination scheme, respectively. For the centralized cooridnation scheme, each eNB requires a single set of “two way dynamic signaling,” whereas each eNB requires three sets of “one way dynamic signaling.” In short, the numbers of required dynamic signaling are 
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 for the centralized and distributed coordination schemes, respectively, where 
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 is the number of eNBs. Note that it is generally assumed that the number of eNBs directly facing an eNB (thus possibly generating interference to this eNB) is six, but in case this is generalized, namely e.g. 
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, the number of required dynamic signaling for the distributed coordination scheme becomes 
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It is noteworthy that in the above calculation for the distributed coordination scheme, an eNB is not required to be connected to all other eNBs in the coordination area, e.g. eNB 6 is not linked to eNB 3; if we consider the case where each eNB receives or transmits dynamical signaling from or to every eNB in the coordination area other than itself, then the number of required dynamical signaling is 
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Figure 5: Dynamic signaling in the centralized coordination scheme.
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Figure 6: One example of dynamic signaling in the distributed coordination scheme
Table 1 summarizes the comparison between two coordination schemes made in this section.

Table 1: Comparison between the coordination schemes.
	
	Centralized coordination scheme
	Distributed coordination scheme

	Performance
	Better
	Worse

	Role decision
	Naturally defined
	Operator configuration or            inter-eNB negotiation

	eNB implementation dependency
	Lower
	Higher

	Signaling load
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3 Conclusion
The centralized and distributed coordination schemes are demonstrated and compared. The centralized coordination scheme exhibits better performance, clearer role division without need for configuration/OAM intervention, less eNB implementation dependency and less number of dynamic signaling, which leads the following:
Observation: The centralized coordination scheme is advantageous over the distributed coordination scheme.
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