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1 
Introduction
In RAN#53 CoMP study item was closed and it was agreed to start the actual specification work within a CoMP work item. In this contribution we focus mainly on the operation of intra-cell COMP and its relation to a combined operation of intra-cell & inter-cell COMP and discuss the impact to 3GPP standards.
2 
Motivations for Intra-cell CoMP
Dedicated demodulation reference signals (DM-RS) combined with CSI Reference signals (CSI-RS) have been introduced as the main LTE-A DL MIMO enhancement during Rel-9 and Rel-10, which give the eNB an increased flexibility in selecting precoding and overall DL MIMO operation.
In fact, intra-cell CoMP represents a deployment philosophy where DM RS use is further extended to allow fully flexible reuse of time frequency resources within an area. The user specific signaling of CSI-RS used by the UE for TM9 CSI reporting give already now the opportunity for the eNB, to assign different CSI-RS ports to different UEs and thereby operate DL MIMO over geographically separated TX points. Additional specification support would make this operation mode more efficient and provide the eNB with further tools to operate efficient intra-cell CoMP operation.
Observation: Support for intra-cell CoMP is next step on the evolution path started with the DL MIMO features introduced in Rel-9/10.
Coherent joint transmission has been one of the investigated transmission schemes for CoMP operation during the Rel-11 CoMP SI and is one of the candidate CoMP transmission schemes to be specified in Rel-11.
Coherent JT operation seems to be much easier and more compelling when implemented as intra-cell CoMP in comparison with inter-cell CoMP. The final decision on how and how many transmission points are included in the coherent JT is based on a global optimization procedure among cooperating transmission points. Therefore, a fully transparent operation mode of the coherent JT is of advantage. The transparent JT in intra-cell CoMP is already given by the usage of DM-RS and all the cooperating transmission points sharing the same cell ID. 
For inter-cell CoMP JT, the issue of CRS which is bundled with the cell id and the related interference/puncturing issue have been identified. The CoMP gain on PDSCH is reduced due to the existence of two different CRS (with or without v-shift) as CRS is bundled with the cell id. In the intra-cell scenario all transmission points apply the same cell id so the joint transmission can operate without complications from CRS management.

Observation: Intra-cell CoMP can better enable efficient, transparent joint transmission support than inter-cell CoMP
3 
CoMP Architecture for intra-cell & inter-cell CoMP
The mode of operation in intra-cell CoMP scenario mimics single cell MU-MIMO where users in different layers needs to be selected in a coordinated and adaptive way. So intra-cell CoMP would most likely be operated from an eNB architecture with remote radio heads connected through high-capacity/low-latency fiber to the centralized base band processing, supported by a centralized CoMP architecture, illustrated in Fig 1a of the Appendix. Only a centralized architecture with “ideal” backhaul will efficiently enable the necessary coherent JT support for intra-cell CoMP. In contrast, inter-cell CoMP with separate cells cooperating seems to be better matching to a distributed CoMP architecture of Fig. 1b of the Appendix as discussed already during the CoMP SI. For the distributed architecture in inter-cell CoMP, e.g. Dynamic Cell Selection (DCS) could then be applied as an efficient CoMP transmission mode, as proposed in [1].
The centralized architecture for intra-cell CoMP fits additionally better coherent JT, where a proper time-alignment and transmission/reception path calibration can be enabled in a single central entity.

Observation: Intra-cell CoMP operation is applicable mainly for centralized eNB architecture whereas a distributed architecture seems to be better suited for Inter-cell CoMP operation.
4 
Combined Operation of intra-cell & inter-cell CoMP
The size of an intra-cell CoMP cluster is limited by how many antenna signals it is possible to transport back to the eNB and how well the eNB can handle the complexity of processing at the same time signals from many antennas. In principle such clusters could be quite large, especially if legacy issues with time can be eliminated. But it is clear that a 100% cell-less network is not a realistic option. Therefore, the intra-cell CoMP scenario should be considered as an important complement to inter-cell CoMP, not as a replacement for inter-cell CoMP. Different intra-cell CoMP cooperation areas enabling coherent JT COMP could be therefore connected by inter-cell COMP coordination through cell aggregation between the different (intra-cell CoMP) cells enabling e.g. dynamic cell selection (or in this case, “dynamic intra-cell CoMP area” selection).  
Observation: Intra-cell and Inter-cell CoMP operation are not exclusive, but their operation based on different architectures and size of coordination areas can be combined to continuous, efficient hierarchical COMP operation.
5 
Conclusion
In this contribution, we discuss the combined usage of intra-cell and intra-cell CoMP and point out the different usage in terms of coordination area, eNB CoMP architecture and applied DL CoMP transmission modes. The following observations have been made:
· Observation 1: Support for intra-cell CoMP is next step on the evolution path started with the DL MIMO features introduced in Rel-9/10.

· Observation 2: Intra-cell CoMP can better enable efficient, transparent joint transmission support than inter-cell CoMP

· Observation 3: Intra-cell CoMP operation is applicable mainly for centralized eNB architecture whereas a distributed architecture seems to be better suited for Inter-cell CoMP operation.

· Observation 4: Intra-cell and Inter-cell CoMP operation are not exclusive, but their operation based on different architectures and size of coordination areas can be combined to continuous, efficient hierarchical COMP operation.
Based on the discussions and observations in this paper, we propose to focus as follows:
· Proposal 1: 3GPP to consider standardization of intra-cell CoMP mainly targeting deployments with close to ideal backhaul for coordination among transmission points as a complement to inter-cell CoMP enabling coordination among transmission points with non-ideal backhaul.

· Proposal 2: Standardized support for coherent joint transmission should be implemented as intra-cell CoMP.
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Figure 1 Centralized (a) and distributed (b) eNB architectures for CoMP 
support and the recommended cell id management strategy.
