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1 Introduction 
In RAN1 #63bis meeting, the following deployment scenarios for CoMP were discussed as part of Rel-11 CoMP Study Item [1-5]. 
Scenario 1:
Homogeneous network with intra-site CoMP

Scenario 2:
Homogeneous network with high Tx power RRHs 

Scenario 3:
Heterogeneous network with low power RRHs within the macrocell coverage where transmission/reception points created by the RRHs have different cell IDs as the macro cell
Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell
The main focus of discussion was clarification of Scenario 4, which is a relatively new scenario in 3GPP because it introduces geographically separated transmission/reception points under the same cell ID. In this contribution, we discuss further details of Scenarios 4 focusing on legacy support, spatial spectrum reuse, and CoMP operation.
2 Discussion on Scenario 4
Figure 1 shows a typical deployment for Scenario 4, where geographically separated low-power RRHs are placed within the existing macro cell.
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Figure 1 Deployment of low-power RRHs within macro-cell coverage
Synchronization signals and CRS:

In Scenario 4, the low-power RRHs share the same physical cell ID (PCI) as the macro-cell. The macro transmission/reception point (macro-point for short hereafter) and the transmission/reception points at the RRHs (RRH points hereafter) combined should produce single-cell synchronization signals and CRS. The following two alternatives can be considered.
Alt 1: The macro point and RRH points transmit the same synchronization signals and CRS.
Alt 2: Only the macro point transmits the synchronization signals and CRS, and the RRH points mute the corresponding resources. 

In both alternatives, the frame synchronization between transmission points should be maintained. 

In Alt 1, the CRS for an antenna port is transmitted from different transmission points, which is similar to antenna virtualization. However, the transmission of the same signals from different transmission points may result in undesirable destructive combining of signals depending on UE location. To avoid this problem, schemes such as cyclic delay diversity (CDD) can be employed. In this case, proper delay values in conjunction with the impact on channel estimation need to be carefully studied. In Alt 2, only the macro point is allowed to transmit the synchronization signals and CRS covering the entire macro/RRH coverage. Consequently, all the CRS based channels and signals that are generated based on the PCI should be transmitted by the macro point only. Which alternative to be taken by the eNode-B is essentially an implementation issue since the scheme should be transparent to the UE.
Backward compatibility and spatial spectrum reuse:

To maintain backward compatibility, channels such as PBCH, PCFICH, PHICH, PDCCH, and PDSCH, which are demodulated using CRS, should be reachable to legacy UEs (Rel-8/9/10 UEs) which can be located anywhere within the macro/RRH coverage. Depending on the alternative above, the macro point and the RRH points transmit the same data simultaneously (Alt 1) or only the macro point transmits the channels and the RRH points mute the corresponding resources (Alt 2).  
In case of demodulation using UE-specific RS, the UE-specific RS for antenna ports 7 to 14 have the same resource mapping independent of PCI. With the same PCI, their RS sequences are also the same, which can cause DM-RS and DM-RS interference problem between neighboring transmission points.
As discussed above, in either of the alternatives, spatial spectrum reuse around different transmission points cannot be fully exploited for legacy UEs in Scenario 4. Similarly, in uplink, since the generation of channels such as PUCCH, DM RS, and SRS is based on the PCI, full spatial spectrum reuse around different transmission points may not be feasible for legacy UEs in Scenario 4. 
MU-MIMO can be used to increase spatial spectrum use efficiency. However, the spectrum efficiency gain from cell splitting as expected in Scenario 3 may not be fully attainable in Scenario 4.
Limited capacity of control channels:

Because of difficulty of applying spatial spectrum reuse for PDCCH and PHICH, the multiplexing capacity is limited to single-cell capacity. New channels, namely RRH-PDCCH and RRH-PHICH may need to be introduced to increase the multiplexing capacity. RRH-PDCCH and RRH-PHICH can be transmitted by RRH points (and even by the macro point) in the PDSCH region of the macro-point and can use UE-specific reference signals for demodulation.
Virtual cell ID: 
To enable spatial spectrum reuse around different transmission/reception points, UE-specific virtual cell identity (VCI) can be introduced for Rel-11 UEs. Then for UE-specific RS based demodulation channels such as PDSCH and PUSCH, VCI can be used instead of PCI in generation of UE-specific RS. This effectively results in a multi-cell deployment with different effective cell IDs between the transmission/reception points. 
VCI can be used for other channels such as PUCCH, DM RS, and SRS. However, for example, for PUCCH, Rel-11 UEs assigned with VCI and legacy UEs cannot be multiplexed together in the same RB because of cell ID dependent cell-specific scrambling and cyclic shift hopping etc. Particularly for PUCCH ACK/NAK channels, this may cause PDCCH scheduling restriction due to implicit ACK/NAK resource assignment from PDCCH resources. 

Intra-cell CoMP:

The main drawback of Scenario 4, compared with Scenario3, seems to be the inability of applying full spatial spectrum reuse around RRH points for legacy UEs. However, one can argue that this disadvantage can be offset by other benefits of Scenario 4. Some of the benefits have already been discussed [2][3]; In JP CoMP, since only a single-cell CRS is present, the problem of CRS and PDSCH collision is minimized. Interference between CRS and PDSCH in heterogeneous network can be avoided. Dynamic switching of serving transmission/reception points, without involving handover, is allowed. These benefits would become more evident as the legacy UEs are phased out in later deployments.
As discussed in [2], UE-specific CSI-RS configuration needs to be introduced. Each transmission point transmits its own CSI-RS pattern, and the UE reports the results of measurement on a set of CSI-RS patterns configured by the eNB. Based on the measurement report, the eNB can decide which transmission/reception point or points to serve the UE.
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