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1 Introduction
In 3GPP RAN #53 meeting, the CoMP work item was agreed for Release 11 [1]. The following are some of the issues agreed for Release 11 CoMP:

·   Specify the support of intra- and inter-cell CoMP for homogenous and heterogeneous configurations studied in the CoMP study item. 

·    The work for specifying CoMP support in Rel-11 should focus on
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking
In 3GPP RAN #66bis meeting, the following working assumption regarding on the CSI feedback for CoMP was agreed [2]:
·    Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 
· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:
· feedback aggregated across multiple CSI-RS resources 
· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback
· per-CSI-RS-resource feedback
· per cell Rel-8 CRS-based feedback 
This contribution summarizes Samsung’s view on feedback mechanism for the above CoMP schemes in Release 11. 
2 Feedback Support for CoMP
In order to support efficient CoMP operations, UEs in Release 11 should be able to measure CSI-RS transmissions from multiple transmission points (TP). Supporting multiple CSI-RS resources per UE would require the definition of a CoMP measurement set which would essentially be a set of TPs or CSI-RS resources for which feedback needs to be measured. Such CoMP measurement set would be determined by the eNB and conveyed to the UE using RRC signalling along with other relevant control information. One of the important issues for CoMP is how to support CSI feedback for a CoMP measurement set of multiple TPs.
In the following subsections, the different feedback schemes listed above are discussed in more detail.
2.1 Comparison between Feedback Schemes
Per-CSI-RS-resource feedback reports back the channel status individually. When UEs are configured with CSI-RS resources for multiple TPs and perform per-CSI-RS-resource feedback, they generate/feedback individual CSI for some or all configured CSI-RS resources. For example, if the CoMP measurement set for a UE is {CSI-RS-1, CSI-RS-2, CSI-RS-3}, eNB can give three individual feedback configurations to the UE as follows and in turn the UE will generate three individual CSI and report CSI on three individual timings:
<Example 1>

· Feedback configuration 1: (mode 1-1, Npd =10, NOFFSET,CQI = 0, MRI=2, NOFFSET,RI = -1, CSI-RS-1)

· Feedback configuration 2: (mode 1-1, Npd =10, NOFFSET,CQI = 2, MRI=2, NOFFSET,RI = -1, CSI-RS-2)
· Feedback configuration 3: (mode 1-1, Npd =10, NOFFSET,CQI = 4, MRI=2, NOFFSET,RI = -1, CSI-RS-3)
Figure 1 shows the feedback timing and the corresponding CSI of Example 1 where the feedback mode and timing are individually configured for each CSI-RS resource. 
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Figure 1. Feedback timing and CSI for per-CSI-RS-resource feedback
One characteristic of per-CSI-RS-resource feedback is that different CoMP transmissions can be realized using this feedback scheme. For coordinated beamforming/scheduling (CS/CB), individual CSI feedback for at least two TPs can be configured where one of the configurations would be used for reporting back the CSI for the serving TP while the other configuration is used for reporting back the CSI for the interfering TP. For dynamic point selection (DPS), similar to CS/CB, multiple individual CSI feedback can be configured allowing the network to dynamically switch the transmitting TP. Another possible approach would be to configure a single CSI feedback but allow the UE to indicate a preferred TP. Per-CSI-RS-resource feedback can also support non-coherent joint transmission (JT) where precoding is applied individually to the TX antennas belonging to each TP. For example, a UE would receive multiple transmissions which are individually precoded by each TP without consideration for phase alignment to achieve coherent combining in the wireless channel. The precoding applied by a TP would be what was reported by the UE for the corresponding TP while the MCS level can be determined based on network implementation. As discussed above, per-CSI-RS-resource feedback allows the realization of different CoMP schemes under a single framework. For this reason, we propose thatper-CSI-RS-resource feedback be the baseline feedback scheme.
If we consider coherent JT, inter-CSI-RS-resource feedback or feedback aggregated across multiple CSI-RS resources also should be supported. The feedback aggregated across multiple CSI-RS resources may contain all of aggregate RI, CQI, and PMI while inter-CSI-RS-resource feedback may include some subset of these information that might help the eNB to assess the aggregate RI, CQI, and PMI, such as CQI for coherent JT and/or phase differences between TPs. Note, feedback aggregated across multiple CSI-RS resources has more CSI for coherent JT but would require a larger feedback overhead while inter-CSI-RS-resource feedback requires a smaller feedback overhead but less CSI for coherent JT. As a result, in order to determine whether to support either inter-CSI-RS-resource feedback or feedback aggregated across multiple CSI-RS resources, RAN1 should take into account the trade-off between the feedback overhead and accuracy. Furthermore, there still remains an open issue regarding on performance degradation for coherent JT caused by frequency synchronization error between TPs [3]. In [4], it was observed that such frequency synchronization error causes significant performance degradation for coherent JT. Consequently; we propose that the support for both inter-CSI-RS-resource feedback and feedback aggregated across multiple CSI-RS take into account this frequency synchronization error.
Proposal 1:

· Since the CSI feedback for CoMP should be a common framework to support CoMP JT, DPS and CS/CB, per-CSI-RS-resource feedback should be a baseline

· Support for both inter-CSI-RS-resource feedback and feedback aggregated across multiple CSI-RS should take into account the frequency synchronization error between multiple TPs.

2.2 Feedback of Preferred-TP Indicator
One drawback of configuration multiple individual CSI feedbacks is that it may result in a big uplink overhead especially for the case of 3 or 4 TPs as shown in [5]. Additionally, the aforementioned additional information to facilitate coherent JT would also make the situation worse. Considering this situation, it seems beneficial not to support channel feedback for all TPs in the CoMP measurement set for per-CSI-RS-resource feedback but a subset of it. One method of supporting this could be the adoption of a preferred-TP indicator (PI).
For feedback support for CoMP including preferred-TP indicator (PI), each UE is configured with 1 or more individual feedback configurations. For each feedback configuration, a set of CSI-RS resources is signalled by eNB in addition to other relevant information such as feedback mode and timing. If the size of the configured set of CSI-RS resources is one, the UE always transmits feedback for the single TP. On the other hand, if the size of the configured set of CSI-RS resources is larger than one, UE transmits feedback for the preferred CSI corresponding to TP indicated by the preferred-TP indicator (PI). For example, when a UE is configured two individual feedback configurations with sets {CSI-RS-1} and {CSI-RS-2, CSI-RS-3}, respectively, the second feedback for {CSI-RS-2, CSI-RS-3} includes PI while the first feedback for {CSI-RS-1} does not have PI because the size of the configured set is one. Figure 2 shows the feedback timing and the corresponding CSI including PI for this example.
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Figure 2. Feedback timing and CSI for per-CSI-RS-resource feedback
If PI is supported for each individual feedback configuration, a number of benefits can be achieved. When the size of CoMP measurement set is large, UEs can down-select CSI-RS resources reducing uplink feedback overhead and only feedback channel state information that matters is conveyed to the eNB. Additionally, eNB can choose either network-centric or UE-centric approach. In network-centric approach, more channel state information and higher degree of scheduling flexibility can be achieved at the cost of larger feedback overhead while UE-centric approach requires smaller feedback overhead at the cost of less channel state information and consequently less degree of scheduling flexibility. The decision whether to be more network centric or UE-centric would be up to the network. Table 1 is an example showing the trade-off between network-centric approach and UE-centric approach.
Table 1: Trade-off between network-centric approach and UE-centric approach.
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Furthermore, the feedback method including PI can efficiently support all CoMP schemes, CS/CB, DPS, and JT. Suppose that CoMP measurement set is {CSI-RS-1, CSI-RS-2, CSI-RS-3} and eNB configures 2 individual feedback configurations. By configuring each feedback configuration to select the preferred TP, JT or DPS can be realized If the network implements CS/CB, UEs can be configured with one feedback configuration which is fixed to a serving TP and another feedback for most interfering TP which is selected by UE. For the example, the first feedback configuration is for {CSI-RS-1} which is for serving TP and the second feedback configuration is for {CSI-RS-2, CSI-RS-3} which is for the UE-selected most interfering TP. Table 2 summarizes how the feedback configuration with PI could be applied for all CoMP schemes. 
Table 2: Support of CoMP schemes by the feedback method including PI
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Based on the above discussion, the conclusion is as follows:
Observation:

· The adoption of preferred-TP indicator provides a couple of benefits:

· Beneficial when the size of CoMP measurement set is large:

· UE down-selects CSI-RS resources reducing uplink feedback overhead.

· Only feedback information that matters is conveyed to the eNB.

· eNB can choose either network-centric or UE-centric approach:

· Network centric approach: More channel state information and higher degree of scheduling flexibility but larger feedback overhead.
· UE centric approach: Smaller feedback overhead but less channel state information and less degree of scheduling flexibility.
· Feedback mechanism including preferred-TP indicator can support all CoMP scenarios and schemes (CS/CB, DPS, and JT).
Proposal 2:
· Support preferred TP indicator (PI) for each individual feedback configuration.
3 Conclusion
This contribution summarizes Samsung’s view on feedback supports for downlink CoMP in Release 11. Following proposals were made in relation to CSI feedback: 
Proposal 1:

· Since the CSI feedback for CoMP should be a common framework to support CoMP JT, DPS and CS/CB, per-CSI-RS-resource feedback should be a baseline

· Support for both inter-CSI-RS-resource feedback and feedback aggregated across multiple CSI-RS should take into account the frequency synchronization error between multiple TPs.
Proposal 2:
· Support preferred TP indicator (PI) for each individual feedback configuration.
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