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1 Introduction

CoMP has been categorized as Joint Processing (JP) and ICIC like Coordinated Scheduling/Beamforming (CS/CB). Multiple downlink CoMP schemes have been discussed and evaluated extensively in RAN1 during the Rel-10 study item [1~14]. Two basic observations can be made based on this study: 
· Intra-eNB coordination is well-matched to both CoMP JP and dynamic CB/CS.  Intra-site JP can effectively improve the cell throughput and cell-edge throughput, while the gain of dynamic CB/CS needs further evaluation.
· Inter-eNB coordination is well-matched to semi-static CoMP CB/CS. Semi-static CoMP CB/CS can benefit the site/cell-edge throughput.

This contribution summarizes the standardization impacts of downlink CoMP in Release-10, to have a clear perspective about the scope of the work item for CoMP operation. Considering the acceptable standard effort and the considerable system performance gain, as well as avoiding forward compatibility issues in the future releases, the following essential PHY-layer standard support is proposed to be covered in the Rel.10 scope:
· Inter-cell CSI-RS multiplexing design to guarantee the multi-cell CSI measurement accuracy
· Multi-cell CSI feedback: Per-cell individual CSI feedback with a small amount of additional inter-cell feedback
· Resource-specific CQI measurement to support semi-static inter-cell coordination
2 Downlink CoMP standardization requirements in Release-10
Different downlink CoMP categories have the same or very similar impact on the PHY-layer specification, where the multi-cell CSI measurement and feedback are the necessary support. Regarding the downlink transmission, taking the convenient of UE-specific RS for PDSCH detection and the control channel from a single serving cell that UE associated to, it is possible for CoMP to share the same transmission mode as the single-cell MU-MIMO in Rel.10.

Comparing to intra-eNB CoMP, inter-eNB CoMP has additional impact on higher-layer signalling, which might be postponed to the next release, thus are not presented here.

2.1 Multi-cell CSI measurement requires inter-cell CSI-RS multiplexing design
Multi-cell coordination is conditioned on the knowledge of multi-cell CSI at eNB. TDD might support this via uplink sounding based on channel reciprocity. However, FDD must rely on UE to do the multi-cell measurement and feedback to eNB. 

To enable  multi-cell measurements, the UE has to be aware of the position and patterns of the CSI-RSs from the corresponding cells within the CoMP measurement set. The CoMP measurement set has been defined as the set of cells about which CSI related to their link to the UE is reported and from which reported cells are down-selected. The natural way is to bind the CSI-RS position and patterns to the corresponding cell-ID, which can make UE capable of identifying the CSI-RSs once it knows the cell-IDs to be measured. Assuming that CoMP measurement set can be determined based on RRM measurement (RSRP or RSRQ), the UE is able to perform multi-cell CSI measurement just after knowing the cell-IDs in the measurement set based on cell-searching results.
Multi-cell measurement accuracy is critical for the eNB to perform proper multi-cell beam coordination, scheduling coordination, and precoding. The UE measurement accuracy based on the CSI-RS in the measurement set should reach an acceptable level. However, generally the cells in the CoMP coordinated set experience serious inter-cell interference, with the potential geometry typically lower than -3dB, and possibly much worse for a heterogeneous network. Thus keeping inter-cell CSI-RS patterns orthogonal to each other among a small number of cells (cell-cluster) is necessary.  If the cell-set with strong inter-cell interference is too large to find enough orthogonal CSI-RS patterns, some kind of CSI-RS randomization might be needed among the cell-clusters. Referring to the prior evaluation of CSI measurement accuracy in [15], boosting the power of CSI-RS alone cannot guarantee the accurate CSI measurement (MSE<0.1) for SINR lower than -3dB, i.e. the measurement accuracy is only acceptable in the serving cell. As CoMP might apply to scenarios with -6dB or even lower SINR range (esp. in heterogeneous network), the capability of puncturing the data REs colliding with inter-cell CSI-RS is needed in addition to the TFDM inter-cell CSI-RS.
In summary, it is identified that multi-cell CoMP measurement requires the following standardization efforts in TS36.211:
· Inter-cell CSI-RSs among limited number of cells are orthogonal in time and/or frequency domain

· Introduce the capability of data RE-puncturing colliding with inter-cell CSI-RS to guarantee CSI measurement accuracy
2.2 Multi-cell CSI feedback

As to multi-cell CSI feedback in FDD, since the UE is associated to the control channels of a single serving cell, the UE only feeds back single-cell or multi-cell CSIs to the serving cell, which minimizes the impact to the standard. 
A new feedback mode is needed to support multi-cell CSI report. To limit the impact on the standard, it is expected to reuse the single-cell CSI feedback mode (CQI/PMI/RI), i.e. per-cell individual CSI feedback is the agreed baseline during Rel-10 SI. In addition to that, some incremental inter-cell CSI is needed for dynamic CoMP (JP and CBF) to provide further precise precoding with good interference pre-cancellation among co-scheduled users. Such a structure of the per-cell individual feedback with a small amount of additional inter-cell feedback, makes it convenient to dynamically switch between single-cell MIMO and CoMP transmission, and switch among multiple CoMP transmission schemes, and change the number of coordinated cells as well. This also provides the flexibility at the eNB to have a UE fall back from an advanced scheme such as JP to a simpler single-cell scheme.
In summary, it is identified that multi-cell CoMP feedback requires the following standardization efforts in TS36.213:

· New feedback mode for the UE to report multi-cell CSI feedback

· Additional inter-cell feedback
2.3 Resource-specific CQI measurement

Semi-static CB/CS, e.g. ICIC enhancement, is a simple CoMP scheme to improve the site/cell-edge throughput. The existing power coordination scheme like RNTP exchanging for scheduling reference in Rel.8 can control the inter cell interference without increasing the backhaul burden too much. In addition to that, the expansion of spatial domain beamforming coordination, e.g. CBS, could be an efficient beam coordination scheme to solve the flashlight effect. 
In the real systems, which may operate at low load scenario or with multi-user scheduling with UE-specific power control or beamforming/ precoding, the interference varies seriously in both frequency and time domain from the UE perspective, This results in very inaccurate and time-varying CQI reports, and hence ineffective resource usage or high retransmission probability. Some semi-static interference coordination schemes, with regular coordination,  provide accuracte CQI within certain scheduling interval/subbands. The result is good MCS adaptation at the expense of some scheduling flexibility. Such a semi-static interference coordination schemes match well to both homogeneous cellular networks and heterogeneous networks for cell-edge throughput improvement.
Consequently, a resource-specific CQI as in [16] is proposed to extend the Rel.8 CQI feedback for better support of practical time&frequency-varying interference scenarios, and for a more effective support of the enhanced interference management operation in Rel.10. The following standardization effort is identified in TS36.213:
· The capability of UE on the resource-specific CQI measurement in the scenario of the time and frequency varied interference.
3 Conclusion

In this contribution, the standard impact of downlink CoMP in Release-10 is assessed and listed as below: 

TS36.211 for multi-cell CSI measurement:
· Inter-cell CSI-RSs among limited number of cells are orthogonal in time and/or frequency domain

· Introduce the capability of data RE-puncturing colliding with inter-cell CSI-RS to guarantee CSI measurement accuracy

TS36.213 for multi-cell CSI feedback:
· New feedback mode for the UE to report multi-cell CSI feedback

· Additional inter-cell feedback
TS36.213 for low load scenario and semi-static interference coordination:
· The capability of UE on the resource-specific CQI measurement in the scenario of the time and frequency varied interference.
The above standardization efforts are acceptable when considering the considerable CoMP benefit in multiple application scenarios, and should be able to be finalized within the Release-10 time frame.
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