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1
Introduction
In TR36.314, it is presented that coordinated multi-point transmission/reception is considered for LTE-Advanced as a tool to improves coverage for the cell edge users as well as system throughput. Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated transmission points. Examples of coordinated transmission schemes include

· Coordinated scheduling and/or beamforming

· Joint processing/transmission
Downlink coordinated multi-point transmission should include the possibility of coordination between different cells. From a radio-interface perspective, there is no difference from the UE perspective if the cells belong to the same eNodeB or different eNodeBs. If inter-eNodeB coordination is supported, information needs to be signaled between eNodeBs.
2
CoMP schemes analyse and proposal
2.1
Coordinated scheduling and/or beamforming
The LTE-A system allows intra-eNB and inter-eNB coordinated transmissions. In coordinated scheduling and/or beamforming scheme, data to a single UE is instantaneously transmitted from one of the transmission points. And scheduling decisions are coordinated to control e.g. the interference generated in a set of coordinated cells.
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Figure 1 Illustration of inter-eNB coordinated scheduling and/or beamforming
In the intra-eNB scenario, the coordination cells is within the control of a single eNB. The eNB makes a centralized scheduling to avoid the interference between cells it controls. So it is not necessary to signal any information between different eNBs.  While in the inter-eNB scenario, eNBs have to transmit cell-edge UEs’ scheduling results e.g. resources allocation to the neighbour stations to avoid the inter-cell interference [1].  
We analyse on the following assumption.
· ENBs are equal-right, there is no central control element among eNBs. 
· Constrained to the CP length and system complexity, coordination transmission of cell centre UEs are not be supported.
· Utilising the main procedures of the PMI/beam coordination described in [1]. 

In Figure 1, The two edge UEs each belonging to neighbour eNBs using the same resources. 3 cases are considered.
· The PMI or beam conflict with each other. The two eNB both transmit information to the neighbour for it not to use the allocated resourced or PMI/beam in order to mitigate interference to its own UE. But it is hard to determine which one to give in. If the two eNB both chose to reselect the resource to use, the original resource allocated will be used for other UE. And it is uncertain that new interference will appear at new resource chose. Re-cooperation between eNBs will be needed for interference mitigation.
· One of  their PMIs/beams conflicts with the other one, e.g. signal transmitting to the UE1 interferes the UE2 but UE2 has none or little interference to UE1. In that case, it appears that eNB2 don’t need to take action and eNB1 may have to do some thing avoiding interference. If eNB1 changes the resource allocation or PMI/beam of UE1, it is uncertain that new interference will appear at new resource chose. Re-cooperation between eNB1 and its neighbour eNBs seems to be done.
· None of  their PMI/beam conflicts with the other one. In that case, neither of the eNBs has to do interference coordination.
So it is expected relative complex to mitigate interference from confliction of edge UEs of different eNBs. Otherwise, there is a central control in the network. 
Proposal 1: If the edge-UEs of different eNBs interfere with each other, it is not necessary to rearrange resource allocation for that will cause extra signal procedure.  
Proposal 2: Neighbour eNBs should allocate different resources to edge UEs in order to mitigate interference between them. 
2.2 Joint processing/transmission
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Figure2 Cooperation scope & cooperating set (UE specific)
In joint processing/transmission scheme, data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs. 
In intra-eNB joint process/transmission scenario, the cooperating set consists of cells within one eNB. The eNB can make the decision to joint-transmit to the cell edge UEs or not and allocate the resource for them. There is no information to exchange between eNBs. But in inter-eNB scenario, the cooperating set may consist of cells from different eNBs. The decision of joint transmission should be made between corresponding eNBs and even the resource to be exploited.
There are two kinds of scheduling methods for joint process/transmission.
· Joint scheduling 

The center UEs is scheduled by their own eNBs. But the edge-UEs of eNBs are jointly scheduled by the central control element in the cooperation scope which the eNB belongs to. Cooperation scope that network side sets refers to the fixed cluster of which the cooperating set is a subset. In figure 2, there is cooperation scope consists of 9 cells from 6 eNBs. And cooperating set of UE1/2 consists of 2 cells from eNB1 and eNB2.While cooperating set of UE3 consists of 2 cells from eNB1 and eNB4.
In order to do joint scheduling, the scheduler should familiar with the interference conditions among edge-UEs of the eNBs it controls. So eNBs should report the CSI/CQI information fed back by their edge UEs to corresponding scheduler. The scheduler chooses the eNBs taking part in joint transmitting to edge UEs and radio resources to exploit and sends the result to corresponding eNBs.
New signal exchange procedure other than interference coordination [4] based on cooperation between two eNBs will be designed. If the cooperation scope consists of many eNBs or all the eNBs of the network, the backhaul information will be increase correspondingly. Some technique will be needed for compressing information exchanged between eNBs. 
Further more, for the reason that the edge-UEs are scheduled jointly by control element and the centre-UEs are scheduled by eNBs themselves. The resource allocated to edge UEs and centre UEs should be separated. In [2], a fixed frequency plan scheme based on CoMP-SU-MIMO has been presented in Figure 3. This scheme divides system band into two parts, that is, CoMP Frequency Zone and Frequency Band for Single Cell Operation corresponding to edge UEs and centre UEs seperately. The system performance of CoMP depends highly on the SINR threshold and the partition between the bandwidth. With the feed back information of all edge UEs in the cooperation scope, centre scheduler can mitigate interference generated in the cooperation scope effectively and make good use of CoMP Frequency Zone. 
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Figure 3 Frequency allocation of CoMP-SU-MIMO[2]
Figure 1
· Local scheduling 

Compared to joint scheduling, the edge UEs are also scheduled by their own eNBs in local scheduling method. Edge-users feed back CSI/CQI information to their controlling eNBs. Resource prepared for joint process/transmission is scheduled by local eNBs. But the decision of CoMP transmission points should be made between corresponding eNBs. The local eNB has to signal scheduling results exploited to edge UEs and CSI/CQI information at the relative subband to neighbor eNBs and request cooperation with them. The neighbor eNBs receive the request and then reply with information indicating whether to do the joint transmission or not. The number of eNBs to do the joint transmission or the CoMP transmission points depends on how many eNBs admit the request of local eNB 
In local scheduling scheme there is no centre scheduler in the cooperation scope. It can make use of interference cooperation message of X2 in LTE Rel 8. Of course we have to add some new signal to support replying message and sending data to be shared for joint transmission.
For all users including edge and centre users are scheduled by the local eNB. There is no need to employ frequency separation method as [2]. That is, local scheduling has more frequency flexibility than joint scheduling.
Under the condition eNBs make scheduling decision separately, it is probable that the near-by edge-UEs belonging to different eNBs are allocated the same resource. For example, in Figure 2, UE1 and UE2 use the same radio resource which generates interference to each other. Only one of them can make use of the resource to be jointly transmitted by eNB1 and eNB2 with acceptable interference level. First, it is hard to choose which one to give in for eNBs are equalized. Second, if the system allows the eNBs to reallocate the resource to the edge-UEs, e.g. eNB1 reallocates resource to UE1, the new arrangement of resource within eNB1 will generate new interference in network.ENB1 has to send addition requests to neighboring eNBs for joint transmission. That will make the cooperation procedure more complicated.  
So we put forward following proposals for local scheduling scheme in joint process/transmission:

Proposal 3: If the edge-UEs of different eNBs conflict with each other, it is not necessary to rearrange resource allocation for that will cause extra signal procedure. 
Proposal 4: Neighboring eNBs had better allocate different resources to edge UEs in order to decrease resource conflict between them.
There is comparison between joint scheduling vs. local scheduling mechanism in joint process/transmission scheme:
Table 1:  Joint Scheduling vs. Local Scheduling

	
	Joint scheduling
	Local scheduling

	Information exchanged on X2
	All information within CoMP Frequency fed back by edge-UEs is signaled to scheduler
	Feed-back information within scheduled subband(s) of edge-UEs is exchanged

	Cooperation procedure 
	New signal procedure has to be designed
	Compile to interference coordination procedure of LTE Rel8

	Scheduling algorithm 
	Center 
Need to define a scheduler in cooperation scope

Resource to exploit to edge-UEs are decided by scheduler
	Distributed 
Resource to exploit to UEs are decided by local eNBs

	CoMP transmission point(s)
	Chose by centre scheduler the UE belongs to
	Joint decided by local eNB and eNBs requested to do joint transmission

	Frequency flexibility
	Centre-UEs and edge-UEs have separate frequency band
	All users share system bandwidth

	Frequency utilility efficiency
	High frequency utility efficiency within CoMP Frequency Zone

Total frequency utility efficiency depends on the partition between the bandwidth.
	Depending on frequency allocation methods


2.2 A frequency allocation scheme
As mentioned above, in the local scheduling method of coordinated scheduling/beamforming, if resources employed by edge-UEs are conflict between cooperating inter-eNBs, it will be a tough problem to mitigate the interference among these edge-UEs. In the local scheduling method of joint process/transmission, if the near-by edge-UEs are allocated the same resource for joint process/transmission, it is also expected not to do cooperation to rearrange resource allocation to achieve joint/transmission for all of the edge-UEs.
For limited CoMP procedures can not mitigate interference of edge-UEs confliction and can not to do joint process/transmission for all the edge-UEs in the case that those closed ones are allocation the same resource. We introduce a new frequency allocation scheme for local scheduling mechanism to decrease the conflict probability for edge-UEs of different eNBs.

We consider the network topology is BBU+RRU that each BBU control three RRUs. Each RRU is with responsibility for transmission of a cell. Supposed that the covering area of eNB is ideal hexagon, in order to decrease probability of edge-UEs conflict with each other the CoMP frequency zones of neighbouring eNBs are orthogonal as Figure 4 shows. We partition system band to 3 parts and allow edge-UEs of each cell within a eNB to utilise one of them. And of course centre-UEs can utilise all the system band for with local scheduling it is not necessary to separate centre-UE frequency an edge-UE frequency. It could be perceived that the new proposed scheme has more frequency flexibility than the fix frequency allocation method formal proposed by [2].

[image: image4.emf]System

bandwith

Band for centre-

UEs

For edge-UEs of

cell1

For edge-UEs of

cell2

For edge-UEs of

cell3



[image: image5.emf]ENB1

ENB2

ENB3

ENB4

ENB9

ENB14

ENB7 ENB6

ENB8

ENB5

ENB10

ENB11 ENB12

ENB13

ENB15

ENB16 ENB17

ENB18

ENB19

UE1

UE2

UE3

Signal to UE1

Signal to UE2

Signal to UE3

Cell1 Cell2

Cell3


Figure 4  Possible Frequency Allocation for Local Scheduling CoMP
3
Conclusion

In this contribution, we analyse the inter-eNB scenario of two categories of downlink coordinated multi-point transmission (coordinated beamforming and joint transmission). In coordinated beamforming, we conclude that normal CoMP procedure in [1] can not mitigate interference from eNB edge-UEs confliction. And then we compare the two scheduling schemes in joint transmission: joint scheduling and local scheduling. Then we throw conclusion that joint transmission can not be utilised when two edge-UEs from different neighbouring eNBs allocated the same resource in local scheduling scheme. At last we propose a frequency allocation method to decrease inter-eNB confliction that can not be settled down by limited CoMP procedure in [4] for local scheduling scheme of CoMP.
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