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Introduction
This contribution is a resubmission of R1-090237 in 3GPP TSG-RAN WG1 Meeting #55bis adding introduction of uplink capacity and coverage limitations to downlink multi-channel feedback reporting.

This contribution discusses some considerations about possible setup of cooperation areas (CA) for cellular networks applying CoMP transmission. CAs are collaborative subsets of eNBs and might be defined network- or user centric. The network centric approach is significantly simpler, but it does not necessarily always allow handling the real interference conditions in a cellular network. 
2
Considerations about cooperation areas
Main goal for application of CoMP techniques is mitigation of inter cell interference in urban macro cellular like scenarios and different approaches have been proposed in former meetings by different companies. 

As full cooperation over a large network is practically infeasible- independently of what CoMP scheme is being used-, an overall system concept is required limiting cooperation / collaboration to a small and reasonable number of cells – so called cooperation areas (CA). 
From an implementation point of view – specifically for DL – suitable CAs maybe defined either in a network-centric, UE- centric or a combination of the previous two, network defined UE-assisted way.  
Intra site cooperation like inter sector CoMP or remote radio head (RRH) based CAs avoid complicated inter site synchronization as well as exchange of CSI and/or user data over the backbone network, but might not always allow cancelling relevant interferers. This is true for network and user centric CAs. 
In Figure 2 a typical interference connectivity matrix has been calculated for an urban macro scenario with 500m ISD. Allocation of eNB or cell IDs to the cellular layout can be found in Figure 3. Based on the SCMe channel model a single snapshot has been taken for one allocation of UEs in a fully loaded system with one active UE per cell.   

The interference connectivity matrix contains the interfering powers from each eNB to each UE, normalized for each UE to that of its serving cell. Here perfect RSRP measurements are being assumed. It can be concluded:

· The interference connectivity matrix has strong elements near to the diagonal, reflecting interference from adjacent sectors as well as neighbouring sites.

· A second area with many strong interferers belongs to second tier eNBs directed to the serving cell.

· Generally the matrix is sparse, at least with respect to the very strong interferers (brown / red / orange elements with (P=0 / -2.5 / -5dB). This indicates that CoMP performance gains are potentially achievable even with a limited set of interferers.

There is no regular pattern for the interfering eNBs, as shadowing conditions vary depending on the network topology.

Network centric CAs
Network centric definition of CAs means that the CAs are defined statically for all UEs of a cell 
a) based on the neighbourhood of radio cells 
b) based e.g. on network planning considerations, trying to combine those cells into a CA with strongest mutual interference 
Main advantage of network centric CAs is the very simple organization, as the set of eNBs/cell IDs forming the CAs has to be broadcasted only once to the UEs – or might be even predefined - without the need for additional measurements. 
Network centric CAs will have to be either very large to include all important strongest – also second tier - interferers or might loose possible performance gains, as often significant interferers will not be cancelled.  Large CA increases uplink load and UE battery consumption due feedback signaling and related measurements. 

UE centric CAs

From the interference connectivity matrix it can be concluded that in urban cellular environments there are unpredictable LOS and NLOS conditions between UEs and the eNBs of the network. Under the assumption of moderate inter site distances of 500m to maybe 1700m UEs located in different areas of a radio cell will typically see different eNBs as strongest interferers (see Figure 1) due to varying shadowing conditions by buildings or vegetation. 
User centric definition of CAs means that the CAs are being defined based on the strongest interferers as being seen by each UE. For that purpose all UEs configured for CoMP have to measure and report their set of strongest interferers to the serving cells. 
Advantage of user centric CAs is the possible higher performance gain due to CoMP for a given CA size. In comparison with the case of network centric CAs the effort for CSI estimation, CSI/PMI feedback and control and maybe user data exchange over the backbone are more optimized but the coordination between CA selection and multi-cell packet scheduling is more challenging. 
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Figure 1: Interference conditions in urban environments resulting in location dependent different strongest interferers
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Figure 2: Typical interference matrix for a 57 cell scenario with 500m ISD and SCMe channel models.
x-axis: eNB cell ID; y-axis: UE ID; colour: RSRP value relative to power of serving cell in [dB].
Network defined and UE assisted CAs
This option combines the benefits of the Network-centric and UE-centric schemes described above. The network can pre-define a set of CA patterns and the selection of the CA for given UE is based on the feedback information, e.g. RSRP reports. In addition to the advantages of the two schemes described previously, this mechanism yields a semi-static definition of the CAs thus the signalling required between the cells in the CA is also reduced. Furthermore, the delays on the inter-eNB links could also be better controlled if there is no need for fast reconfiguration of the CA sets serving a group of UEs. Limiting the number of possible CA configurations potentially results also in a lower complexity of the RRM functionality needed to handle CoMP transmissions.
Semi static adaptation

Shadowing conditions to all eNBs of a network are location dependent large scale parameters (LSP), which vary quite slowly over time and can be even different for different UEs in the same cell region.  For that reason semi static definition of user centric CAs seems to be promising.

Note, coherent as well as independent cell specific precoding solutions should benefit from a proper setup of CAs, by processing the most relevant eNBs commonly.  Furthermore, the number of possible serving cell combinations for the CAs should be minimized in order to reduce the required inter-eNB signalling and/or CoMP signalling delays.

For the organization of CoMP transmissions within the network SON like mechanisms might be applied, based e.g. on RSRP measurements. Basic definition of RSRP measurements can be found in [1].
Multisite CoMP concepts are expected to provide highest performance enhancement at cell borders where uplink control channel performance may get capacity or coverage limited.  Also UE battery consumption is increased by redundant measurements and reporting.  To ensure fair and efficient allocation of uplink resources between UEs network should control UE feedback signalling.  Semi-static definition of CAs enables trading system load between uplink and downlink, adaptation to the radio environment, lower UE battery consumption and load in eNB to eNB interfaces.
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Figure 3: Allocation of eNB or cell IDs to the cellular layout.  The large font numbers indicate the cell IDs fitting to the interference connectivity matrix, numbers in small font indicate UEs.
3
Conclusions
As a first step for a CoMP transmission it is required to define suitable – either network-centric, UE- centric or a combination of the previous two, network-defined UE-assisted - cooperation areas. The interference connectivity matrix suggests that the definition of suitable CAs is a critical issue und should be therefore part of the further evaluation.  
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