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1 Introduction
The centralized coordination scheme for inter-eNB CoMP is briefly described in [1]. This paper deals with the centralized coordinatin scheme in more detail.
2 Discussion
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 IEs to the eNBs, i.e. eNB 1, …, eNB n in the coordination area.

	Information Element (IE)
	Range

	SRS Coordination Info
	1.. <maxCellineNB>

	>ECGI
	

	>SRS Coordination
	

	Pattern for CSI-IM Resource
	1 .. <32*155>

	>CSI-IM Resource Indicator
	

	>>Resource Config
	

	>>Subframe Config
	

	> CSI-RS Pattern
	


· The SRS Coordination IE indicates available resources that the cell identified by the ECGI IE may use to configure with Sounding RS (SRS) for its serving UEs. It may include the subframe number(s) assigned for the cell.

· The Resource Config and Subframe Config IEs stand for the CSI reference signal configuration and 
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, respectively, defined in [2].
· The CSI-RS Pattern IE is a bitmap representing on/off pattern for the Non-Zero Power (NZP) CSI-RS transmissions of whole cells in the coordination area, i.e. cells of eNB 1, …, eNB n for the Channel State Information (CSI)-Interference Measurement (IM) resource indicated by the CSI-IM Resource Indicator IE. The number of bits in the bitmap will be 
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Each of the eNBs in the coordination area may configure per UE resources for SRS based on the SRS Coordination Info IE. For example, the eNB may allocate four Resource Blocks (RBs) every 320 ms for SRS per UE. The SRS Coordination Info IE is formulated in order that any two cells in the coordination area would have exclusive set of resources available for SRS. As a result, thanks to the SRS Coordination Info IE, each of the UEs in the coordination area may be configured with non-colliding SRS resources.

The eNB follows as indicated in the CSI-RS Pattern IE, i.e. its cell transmits or does not transmit the NZP CSI-RS as indicated by the pattern for the resource indicated by the CSI-IM Resource Indicator IE. For example, if the first bit of the bitmap is one, the first cell of eNB 0 should transmit NZP CSI-RS on the resource indicated by the CSI-IM Resource Indicator IE. Taknig this pattern into account, the eNB may configure its UE’s CSI-IM and Zero Power (ZP) CSI-RS resources e.g. so that the eNB can collect its particular interference situation. For example, if the eNB wants to be aware of the UE’s interference occurring due to the cell #17 and #18, the eNB may configure the UE’s CSI-IM resource with the one indicated by the CSI-IM Resource Indicator IE whose CSI-RS Pattern IE exhibits ones at the 17th and 18th bits and e.g. zeros at the other bits.

In short, the eNB may be responsible for:

· The UE-specific SRS configuration, restricted by the SRS Coordination IE; and

· The UE-specific CSI-IM and ZP CSI-RS configuration considering the Pattern for CSI-IM Resource IE.

1. Each eNB sends the Measurement results and User perceived throuput to the CE.

	IE
	Range

	Subframe Index
	

	Cell-Specific CoMP Info
	1.. <maxCellineNB>

	>ECGI
	

	>UE-Specific CoMP Info
	1.. <maxnoofUEstobeScheduled>

	>>UE ID
	

	>>CSI Report
	1.. <maxnoofCSI-RSProc>

	>>>CSI-IM Resource Indicator
	

	>>>CQI
	

	>>>PMI
	

	>>>RI
	

	>>User Perceived Throughput
	

	>Measured SRS Power
	


· The Subframe Index IE is the subframe number for which the CSI report is collected and the SRS power is measured.
· The CSI-IM Resource Indicator IE appears in the CSI Report IE if the UE’s CSI report is acquired on the CSI-IM resource. Otherwise, it does not.
· The UE ID IE is the identity of the UE to be scheduled at step 4.

· The Measured SRS Power IE indicates power measured by the cell on the subframe identified by the Subframe Index IE. Even if the eNB has not configured any of its serving UEs with SRS on this subframe, it reports the measured SRS power to the CE.

· The User Perceived Throughput IE 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 [3].
2. Based on the information received from step 1, the CE performs optimization with respect to the RB coordination. The optimization may conform the following principle; e.g. the total sum of the Proportionally Fair (PF) metric for the cells in the coordination area is maximized, i.e. the set of RB coordination bitmaps for all cells in the coordination area, 
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 indicate the RB coordination bitmap for 
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 may be derived from e.g. the CSI report, Measured SRS Power and User Perceived Throughput IEs. In order to accelerate this step, the CE may apply suboptimal method to obtain 
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, which is up to implementation.
The CE may require UE-specific SRS configuration information in order to derive practical UE-specific channel information from the Measured SRS Power IE; the CE may obtain this information via some event-triggered signaling which is not illustrated in Figure 1.

One may think about the case where the bitmap is calculated per UE not per cell. This might be ideal if there is no latency in the backhaul, which is not realistic. Therefore we belive that two stage algorithm, where the CE makes the overall cell-wise resource coordination in this step and the eNB makes further specific UE-wise scheduling in step 4, is practical.

3. The result of the calculation in step 2, i.e. 
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, is provided to the eNBs. In addition, the SRS power measured by other cells is obtained.

	IE
	Range

	Subframe Index
	

	Cell-Specific RB Coordination Info
	1.. <maxCellineNB>

	>ECGI
	

	>RB Coordination
	

	Neighbor CoMP Info
	1.. <maxnoofNeighbours>

	>ECGI
	

	>Neighbor RB Coordination
	

	>Measured SRS Power
	


· The Subframe Index IE is the subframe number for which the scheduling is performed based on the RB Coordination IE.

· The RB Coordination and Neighbor RB Coordination IEs may be RB- or RB Group (RBG)-specific.

· The Measured SRS Power IE is included if any of the UEs served by the eNB has been configured on the subframe number identified by the Subframe Index IE of step 1. This information lets the eNB aware of the interference impact of its serving UEs causing to the neighbor cells in addition to the CSI report.
4. Each eNB performs scheduling for the UEs whose information have been sent in step 1 based on the RB Coordination IE and taking Neighbor RB Coordination and Measured SRS Power IEs into account. 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.

3 Conclusion
The centralized coordination scheme is demonstrated in detail.
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