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1 
Introduction
RAN1 have made initial progress on the study of CoMP technology for inclusion in the LTE standard. So far the work has mainly been focusing on assessing the potential performance gains that we can get from including standardized functions supporting CoMP operation to the standard. Some discussion of more implementation related issues such as whether CoMP should be implemented as cooperation between different physical cells or cooperation between transmission points within one physical cell have also started but no conclusions have been reached yet.
In this contribution we propose a new unified approach to CoMP, an approach which on one hand simplifies implementation because it reuses existing functions from the carrier aggregation feature and on the other hand adds considerable flexibility to support a much wider set of CoMP schemes than what have so far been considered by RAN1.
2 
CoMP and carrier aggregation
3GPP is analyzing within the context of the ongoing Rel-11 CoMP study item whether more dynamic interaction between cells can help to increase the spectral efficiency of LTE. Looking back to the Rel-10 carrier aggregation discussion one of the important arguments to introduce carrier aggregation was to enable similar dynamic interaction between different LTE carriers by allowing for scheduling across component carriers. After considering different options it was decided that dynamic interaction between carriers would be done by aggregating cells.
Focusing on cell aggregation instead of carrier aggregation made this feature much more generic and today there are no important obstacles in the standard from aggregating cells transmitted on the same carrier/frequency to support dynamic interaction between cells as is the objective of CoMP features. In fact aggregating cells on the same carrier provides a very flexible and powerful CoMP solution. Furthermore, the already existing mechanisms for e.g. cross-carrier scheduling, multi carrier CSI feedback, control signaling etc are to a large extent applicable for the cell aggregation based CoMP as well, hence greatly simplifying the standardization as well as implementation work. In the following we outline the most important use cases for single carrier cell aggregation.

Observation: Cell aggregation as defined within the Rel-10 carrier aggregation work item could potentially be used to support CoMP functions with minor changes to the specifications.
3
Cell aggregation use cases

In the following we introduce a number of use cases for intra-frequency cell aggregation. Note that here multiple cells are connected to one central eNodeB, and each cell could be a high Tx power RRH or a low Tx power RRH as in CoMP scenario 1, 2 and 3, respectively. 
Dynamic multi cell scheduling
When two or more cells are aggregated, the UE can be dynamically scheduled in any of the aggregated cells. Utilizing the mechanisms defined for Carrier Aggregation, the base station can switch between cells simply by either transmitting the DL assignment over the relevant cell or by utilizing cross-carrier scheduling principles if CIF is configured. This is very helpful in improving cell edge performance as the eNodeB can select the cell for the UEs in handover region dynamically based on CQI reporting instead of relying on slower and less accurate RSRP/RSRQ measurements, the slower handover process and the supporting higher layer signaling. 
If for example a UE is moving towards the cell edge, at some point the neighbor cell will be strong enough to be added as secondary cell and eNB will then have the possibility to choose neighbor cell for transmitting the data. Reasons for doing that could be signal quality but it could also be that neighbor cell is operating with lower load and more resources can be assigned to the UE if it is transmitted from the neighbor cell. Hence, cell aggregation not only helps to select the transmission point giving the best signal quality but also it enables dynamic load balancing between cells. 
Independent cell selection for uplink and downlink

In heterogeneous networks one well known issue encountered is that the optimal downlink cell is different from the optimal uplink cell. The reason is simple: as the downlink transmission power differs between node types while the uplink transmit power remains the same (UE Tx power), the cell ranges are different in uplink and downlink.
With cell aggregation the UE could for example be scheduled by macro cell in downlink and transmit PUSCH in RRH cell, thus achieving optimal cell selection in both uplink and downlink for this specific UE. One useful solution for het-net scenario would be to have the possibility to transmit uplink grants from either macro or RRH but always schedule PUSCH on the RRH cell for this UE. Here the cross carrier scheduling feature comes in handy (in this particular setting we might call it cross cell scheduling). We could simply configure the cross cell scheduling so that the uplink grants from the macro cell schedule the uplink in the RRH cell, or alternatively it could be allowed for the uplink also to be scheduled from the RRH in case that is needed.
Flexible and dynamic range extension
As also discussed during Rel-10, het-net breathing is one effective way of improving performance in heterogeneous networks. Dynamic range extension or Het-net breathing works by selectively muting transmission from the high power macro. Such muting increases significantly the downlink range of low power nodes and allows more users to benefit from the low power nodes (see Figure 1). 
· Rel-10 eICIC is designed for scenarios with distributed eNBs and coordination via X2 interface. It supports range extension but with limited flexibility. However, in the intra eNB CoMP scenario discussed here, low latency backhaul connection between RRHs and eNB are available, and centralized, coordinated scheduling of the RRH and eNB cells is possible. So in this case semi-static Rel-10 eICIC scheme are is suboptimal. 

· With cell aggregation het-net breathing is basically as flexible as it could possibly be because it relies on coordinated dynamic scheduling between the macro and the RRH cells and the decision on muting (or only power reduction) can be done with per PRB and subframe granularity. Moreover, cell-edge UE can dynamical switch between the coordinated cells. That brings additional flexibility to the scheduling process which can be leveraged by advanced schedulers to improve the system performance.
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Figure 1 The het-net breathing principle illustrated
Multi cell joint transmission
In certain cases it will be advantageous that a UE receives data from multiple cells at the same time, hence maximizing the SINR at e.g. cell edge. Joint transmission can be easily realized within the framework of cell aggregation with minor modifications to control signaling by allowing for multiple cells to transmit PDSCH using one cell ID. 
3
Conclusions

In this contribution we have outlined how the carrier aggregation specified in Rel-10 can be largely reused to support a very flexible type of CoMP operation (CoMP scenarios 2 and 3) where users are aggregating cells transmitted on the same carrier frequency.
A number of promising use cases was outlined
· Dynamic multi cell scheduling
· Independent uplink and downlink cell selection

· Dynamic range extension
· multi-cell joint transmission

It was also highlighted that only relatively minor changes to the Rel-10 specifications are needed in order to support these use cases.
Proposal: Taking into account the number of use cases and the great synergy with the existing specifications and CA implementations we suggest that 3GPP includes cell aggregation as one of the CoMP schemes to be evaluated within the CoMP study item. Also cell aggregation should be considered as one way of implementing control signaling for supporting CoMP operation.
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