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1 Introduction
In 3GPP RAN1 #63bis, work on the CoMP study item was initiated and the following four CoMP scenarios were agreed [1]:
· Scenario 1: Homogeneous network with intra-site CoMP.
· Scenario 2: Homogeneous network with high power remote radio heads (RRHs).
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage.
· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell ID as the macro cell.
Based on the discussions and the performance evaluation results in the CoMP study item phase, RAN1 reached the following conclusion [2]:
· CoMP can offer performance benefits in homogeneous networks (scenarios 1 and 2)
· CoMP shows performance benefits in heterogeneous networks (scenarios 3 and 4)
In view of the observed results, it was decided to specify support of DL CoMP operation for all CoMP scenarios 1 through 4 in RAN #53 [3]. This contribution summarizes Samsung’s view on the downlink control information that needs to be conveyed in order to support efficient CoMP operation in Release 11.
2 Downlink Control Signalling to Support CoMP
As previously discussed in [4], the specification needs to support the following for efficient support of CoMP operation in Release 11:

· Support of multiple TPs for measurement and feedback
· Enhanced DMRS scrambling
· Indication of available PDSCH resources
2.1 Signalling for Measurement and Feedback
Support of multiple TPs for measurement and feedback is an essential part of CoMP operation that needs to be defined. It allows each UE to be aware of multiple TPs which can coordinate their transmissions and allows the network with the channel status information required to achieve such coordination. As described in [5], the specification would need to support two sets:
· CoMP measurement set: A set of CSI-RS configurations for which measurement is taken for L1 periodic or aperiodic channel feedback

· RRM measurement set: A set of CSI-RS configurations for which RSRP-like measurement is taken to update the feedback measurement set

The configuration of both sets can be done using RRC signalling and does not require any L1 signaling support. Since each set is basically a list of CSI-RS configurations, control information such as number of CSI-RS ports, CSI-RS reuse pattern index, transmission periodicity, subframe offset would be required for each element in the set. In addition, because the CSI-RS configurations in both measurement sets could be for different cells, each CSI-RS configuration should include a cell-ID in order to indicate the initialization state of CSI-RS scrambling.
The specification support for the above CoMP measurement set and RRM measurement set allows the UE to be aware of multiple TPs involved in CoMP. Accordingly, a UE would need to be configured to generate and transmit channel status information that takes into account the multiple TPs. The feedback related control information would be conveyed using RRC signalling and depend on what kind of feedback information is support for CoMP.

Proposal 1: RRC signalling to convey the CoMP measurement set and RRM measurement set should be defined in Release 11. Both CoMP measurement set and RRM measurement sets are lists of CSI-RS configurations which include control information such as number of CSI-RS ports, CSI-RS reuse pattern index, transmission periodicity, subframe offset, etc. In addition to the Rel-10 CSI-RS configuration information elements, each CSI-RS configuration should include a cell-ID for indicating CSI-RS scrambling initialization.

Proposal 2: RRC signalling should be used to configure the feedback for a CoMP UE.
2.2 Signalling for DMRS
Enhanced DMRS scrambling allows DMRSs from neighboring TPs with the same Cell-ID to be scrambled with scrambling sequences generated with different scrambling initialization states. As a result, DMRS interference randomization can be achieved across neighboring TPs sharing the same Cell-ID. Additionally, dynamic switching between multiple initialization states would have to be supported such that flexible MU-MIMO pairing among Release 9/10/11 UEs can be done with orthogonal DMRSs. More details can be found in [6]. In order to support the TP-specific scrambling initialization state for DMRS, the specification should support a method of determining this information. One method would be by using an explicit RRC signalling which notifies to a UE what initialization state(s) should be used. Another possible method would be by implicitly determining the initialization state(s) based on a TP-specific information such as the CSI-RS configuration of the associated reference (or primary) TP. Note that if the implicit method is used, additional RRC signalling would not be necessary.
In addition to the TP-specific scrambling initialization state, the specification should support the dynamic switching between multiple scrambling initialization states in order to realize flexibly MU-MIMO transmission with orthogonal DMRSs between Release 9, 10, and 11 UEs from TPs which may dynamically change due to the network’s scheduling decisions. The indication of which initialization state to use would have to been done in a dynamic manner as a function of the network’s scheduling decision and would require this information to be conveyed via PDCCH or E-PDCCH.
Proposal 3: RRC signalling to convey the initialization states for TP-specific scrambling should be provided if an explicit scheme is supported. On the other hand, if an implicit scheme is supported, this RRC signalling would not be necessary. Additionally, an information field should be provided in the DCI for downlink scheduling to notify a UE of which initialization state should be used out of multiple initialization states in a dynamic manner.
2.3 Signalling for PDSCH Resource

Signalling for PDSCH resources is necessary to enable CoMP due to the following reasons:

· Avoidance of CRS collision problem

· Determination of data region

CRS collision occurs due to each cell having a different number of CRS ports and vshift values. As a result, an RE that can be used for transmission of PDSCH from one TP may not be available for PDSCH on another TP due to the transmission of CRS from that TP. Likewise, each cell may have different control region sizes and as a result the number of OFDM symbols consisting the data region may different depending on which cell a UE is receiving PDSCH transmission from. Note that these problems exist for CoMP scenarios 1, 2, and 3 but not for CoMP scenario 4 since all TPs in CoMP scenario 4 share the same Cell-ID. Figure 1 shows an example of the CRS collision problem and multiple possibilities for size of the data region.
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Figure 1. Available resources for PDSCH transmission depending on which TP is transmitting.

In Figure 1, 2 TPs are considered: TP1 whose Cell-ID is X and TP2 whose Cell-ID is Y. Furthermore, it is assumed that TP1 has 2 CRS ports while TP2 has 4 CRS ports. Due to the different number of CRS ports and vshift values, the REs used to transmit CRS are different in number and location. The REs that can be used to transmit PDSCH would be different depending on whether PDSCH is transmitted from TP1 or TP2. In addition, if transmission is made from both TPs (i.e. joint transmission), the REs that can be used to transmit PDSCH would be different from when PDSCH is transmitted from either of the TPs. Such ambiguity in the PDSCH resources for a CoMP UE is further increased due to the potentially different control region sizes as depicted in Figure 1.
Two different approaches can solve the above problem:
· Semi-static approach: Use RRC signalling to configure the PDSCH resources
· Dynamic approach: Use PDCCH or E-PDCCH to indicated which REs are available for PDSCH transmission
In the semi-static approach, a UE will always assume that the configured PDSCH resources will be used for the transmission of PDSCH regardless which TP(s) is transmitting. For example, for the TPs in Figure 1, a UE will be notified via RRC signalling the PDSCH resources are the white REs of the rightmost part of Figure 1. Such an approach is simple but can be inefficient due to significant number of REs not being used for PDSCH transmission. On the other hand, in the dynamic approach, a UE will be configured with multiple candidates for PDSCH resources via RRC signalling and PDCCH/E-PDCCH will indicate which of the candidates should be assumed when receiving PDSCH. For example, for the TPs in Figure 1, a UE will be notified via RRC signalling the PDSCH resources for the 3 subfigures and a newly defined information field carried by PDCCH/E-PDCCH will indicate one of the three possibilities.
Note that a hybrid approach may also be possible where the CRS collision issue and the data region size indication issue are individually tackled. For example, use dynamic approach for the CRS collision issue and use the semi-static approach for the data region size indication issue.

Proposal 4: RRC signalling to configure the PDSCH resources should be supported for both semi-static and dynamic PDSCH resource indications. Additionally, if dynamic approach is supported, an information field should be defined in the DCI for downlink scheduling to indicate the resources the UE should assume when receiving PDSCH.
3 Conclusion
This contribution summarizes Samsung’s view on the downlink control signalling to support CoMP. Following proposals were made:

Proposal 1: RRC signalling to convey the feedback measurement set and RRM measurement set comprising a number of CSI-RS configurations should be provided. In addition to the Rel-10 CSI-RS configuration information elements, each CSI-RS configuration should include a cell-ID for indicating CSI-RS scrambling initialization.

Proposal 2: RRC signalling should be used to configure the feedback for a CoMP UE.
Proposal 3: RRC signalling to convey the initialization states for TP-specific scrambling should be provided if an explicit scheme is supported. On the other hand, if an implicit scheme is supported, this RRC signalling would not be necessary. Additionally, an information field should be provided in the DCI for downlink scheduling to notify a UE of which initialization state should be used out of multiple initialization states in a dynamic manner.
Proposal 4: RRC signalling to configure the PDSCH resources should be supported for both semi-static and dynamic PDSCH resource indications. Additionally, if dynamic approach is supported, an information field should be defined in the DCI for downlink scheduling to indicate the resources the UE should assume when receiving PDSCH.
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