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Introduction
In 3GPP RAN #50 meeting, a revised CoMP study item was agreed for Release 11 [1]. The following CoMP scenarios were approved in the CoMP study item:
· Inter- and intra-site CoMP in homogeneous macro networks 

· Coordination between a cell(s) and the distributed RRHs connected to the cell(s): negligible latency is assumed over the interface between a cell(s) and the RRHs connected to the cell(s). The RRHs may or may not form separate cells from the cell to which they are connected. 
· Coordination between different cell layers and within a cell layer in heterogeneous networks: coordination is performed between a macro cell(s) and small cells in the coverage of the macro cell(s). The small cells may be non-uniformly distributed in the coverage of a macro cell(s). 

Accordingly, technical discussions were initiated during RAN1#63bis where a number of high-level technical contributions were presented. This contribution presents additional details on the operation of intra-cell CoMP which was initially discussed in [2] as a part of Samsung’s overall CoMP initiative. Following issues are discussed:
· Components of an intra-cell CoMP system
· Cooperative transmission in intra-cell CoMP
· Expected specification support
The purpose of this contribution is to outline an aspect of CoMP which might prove to offer benefits in terms of realistic performance and implementation.
Intra-cell CoMP
As discussed in [2], CoMP can be classified into 2 different categories: intra-cell CoMP and inter-cell CoMP.  Intra-cell CoMP, in particular, refers to the case where cooperative transmission is applied between distributed transmission nodes belonging to a common cell. The macro eNB and RRHs involved in intra-cell CoMP share a common cell ID as mentioned in the approved CoMP SID [1].
One obvious characteristic of intra-cell CoMP would be that although there are multiple transmission points involved, CRS would only be transmitted for a single cell since the multiple transmission points are under a single cell ID. Consequently the possibility to deploy multiple transmission points belonging to a single cell ID has the following benefits:
· Handover situations are reduced compared to the case where each RRH has an individual cell ID

· CRS and PDCCH inter-cell interference from neighbouring transmission points can be avoided especially for HetNet-like deployments
· More resources are available for PDSCH when joint processing is utilized among multiple transmission points

System Components of Intra-cell CoMP
Figure 1 shows an illustration of intra-cell CoMP where multiple RRHs are connected to a macro eNB and share a common cell ID.
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Figure 1. An illustration of intra-cell CoMP.
The components of intra-cell CoMP are the following:

· Distributed RRH(s) located within the coverage of a macro eNB

· Connection between RRH(s) and eNB characterized by high capacity and negligible latency

· Centralized processor
The RRHs shown in Figure 1 are distributed within the coverage of a macro eNB and may have different antenna configurations compared to those of the macro eNB (ex: transmission power, antenna pattern, polarization, etc). The distributed RRHs and the macro eNB are connected to a central processor which provides the overall coordination among the transmission nodes in the form of dynamic decisions on precoding, scheduling, and activation of the associated transmission nodes. In order to facilitate dynamic coordination among the transmission nodes, the connection between the RRHs and macro eNB to the central processor needs to be of high capacity and negligible latency. One example of such connection could be optical fiber. Note that the exact method of coordinating the transmissions would eventually be an implementation issue mostly transparent to the UE.
Cooperative Transmission in Intra-cell CoMP
Possible functionalities that can be realized for intra-cell CoMP are dynamic switching and clustering where the RRH(s) serving a specific UE may be adaptively changed according to the wireless resource availability and a UE’s channel status. Figure 2 shows an illustration of how clustering is applied to an intra-cell CoMP system consisting of a macro eNB and multiple RRH sites.
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Figure 2. Illustration of clustering in intra-cell CoMP.
The clustering illustrated in Figure 2 can be configured by the central processor and can be adapted depending on the UE’s channel condition. For example, a UE initially receiving transmission from cluster1 may change to macro-eNB, cluster2, and cluster3 as it moves away from the vicinity of cluster1 and move towards cluster2 and cluster3. In addition, a UE may be allowed to dynamically switch its preferred cluster using channel feedback. Performance gains are expected due to the dynamic selection of the transmission points for the UEs.
Dynamic switching and clustering discussed above can be used in conjunction with specific CoMP transmission schemes such as joint processing (JP), coordinated scheduling (CS), coordinated beamforming (CB) to provide higher performance enhancement. For example, JP may be utilized among multiple RRH sites as in cluster2 or cluster3. Another example might be the application of CS such that the interference generated from the macro eNB is dynamically turned on or off in the time or frequency domain. Further details on applicable schemes for CS/CB can be found in [3].
Specification Support
A number of specification issues need to be discussed and resolved for an efficient support of intra-cell CoMP in Release 11. Such issues include:
· UE specific configuration of CSI-RS measurement
· Enhancements to CSI feedback

· Downlink control channel enhancement

The CSI-RS in Release 10 has been designed with enough flexibility and capacity to be deployed for diverse situations. One possible application of CSI-RS in intra-cell CoMP would be to use it to identify and measure the downlink channel status of multiple transmission nodes under a common cell ID. For example, in Figure 2, each cluster can be allocated orthogonal resources avoiding mutual interference between the CSI-RS transmissions as shown in Figure 3.
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Figure 3. CSI-RS transmission for intra-cell CoMP setup in Figure 2.
Given the CSI-RS transmission as depicted in Figure 3, the CSI-RS for each UE can be individually configured such that it measures a specific subset of the CSI-RS transmitted within the coverage of the macro eNB. An example is provided in Figure 4 where a UE in the vicinity of cluster1 is configured to measure the CSI-RS originating from cluster1 and to regard the rest of the REs carrying CSI-RS transmission as muted REs. Another example could be a UE in between cluster2 and cluster3, which would be configured to measure the CSI-RS for both clusters.
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Figure 4. CSI-RS/Muting configured for a UE in vicinity of cluster1.

Another potential area of specification work would be on channel feedback. In order to dynamically switch between different RRHs, UE could feedback its preferred transmission node as described in subsection 2.2 or the strongest interferer as described in [3]. In addition, in order to determine the individual CSI-RS configurations as described in subsection 2.1, the UE would have to convey some metric that represents the long term channel characteristics of the transmission nodes. One possible solution could be to define a new metric to be specifically used for this purpose while another possible solution could be to utilize the uplink SRS transmission without additional specification support.
In order to maximize the performance improvement from intra-cell CoMP, the specification has to be designed such that there is no bottleneck effect on the PDSCH from the capacity of control channels. In [5], we have presented the effect of PDCCH capacity on the performance of MU-MIMO. While the situation on CoMP is not exactly identical to that of MU-MIMO we believe that similar performance loss would be likely if PDCCH is not improved upon. Similar observations were made in [6] and [7]. 
The capacity of PDCCH can be improved by adding constraints into PDSCH transmission and correspondingly optimizing the DCI format or by adopting a new transmission scheme for PDCCH. Comparing the two alternatives, it is expected that the first alternative would have limited performance gains if any while the second alternative allows for a more drastic improvement of the overall control signal structure. One possible course of action following the lines of the second alternative would be to study the possibility of employing applying advanced multiple antenna techniques such as beamforming or MU-MIMO.
Proposal:
· Study different ways to identify and measure multiple RRHs in intra-cell CoMP
· Study feedback enhancements to efficiently support intra-cell CoMP

· Study enhancements on control channels (ex. PDCCH, PHICH) to improve capacity in intra-cell CoMP
Conclusion

In this contribution, we provided additional details of intra-cell CoMP. A number of benefits where identified for intra-cell CoMP over traditional HetNet deployment scenarios including less handover, potentially less interference from CRS and control region of adjacent cells, and better wireless resource utilization on PDSCH due to smaller CRS and overhead. It is recommended that RAN1 carefully study and evaluate this CoMP deployment scenario for standardization in Release 11.
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