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1 Introduction
In 3GPP RAN1 #66bis meeting, the following working assumption regarding on the CSI feedback for CoMP was agreed [1]:
·    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 
In 3GPP RAN1 #67 meeting, it was agreed that CSI feedback for CoMP uses at least per-CSI-RS-resource feedback [2]. This contribution summarizes Samsung’s view on feedback mechanism for 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. 
For a CoMP measurement set of multiple TPs, a UE should measure/feedback the channel conditions based on the multiple CSI-RS configurations. Additionally, in order for an efficient support of CS/CB or dynamic blanking (DB), a UE may also report CSI feedback for multiple interference assumptions. Accordingly, one of the important issues for CoMP is how to support CSI feedbacks for multiple TPs and interference assumptions in the management of the uplink feedback overhead. Addressing this problem, UE’s preferred-TP indication and feedback schemes for multiple interference assumptions are discussed as in the category of inter-CSI-RS-resource feedback in the following subsections.
2.1 Feedback of Preferred-TP Indicator
Per-CSI-RS-resource feedback reports back the channel status individually for multiple CSI-RS configurations. 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 would signal the UE to generate CSI feedback for three individual feedback configurations. An example is provided below:
<Example 1>

· UE’s 1st feedback configuration: (mode 1-1, Npd =10, NOFFSET,CQI = 0, MRI=2, NOFFSET,RI = -1, CSI-RS-1)

· UE’s 2nd feedback configuration: (mode 1-1, Npd =10, NOFFSET,CQI = 2, MRI=2, NOFFSET,RI = -1, CSI-RS-2)
· UE’s 3rd feedback configuration: (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
By having multiple feedback configurations, the eNB would be aware of the CSI from different TPs to the UE and would be able to apply different CoMP schemes such as CS/CB, DPS, JT, etc. However, one drawback of configuring multiple individual CSI feedbacks is that it may result in a big uplink overhead if the number of TPs in the CoMP cooperating set is large. For example, it was shown in [3] that a significant portion of the CoMP UEs have 3 or more cooperating TPs. Considering this situation, it seems beneficial to have an additional support for reducing the amount of channel feedback to deal with cases where the channel feedback is too much. One method of supporting this is by having the UE report back a preferred-TP indicator (PI). 

As explained in [4], for feedback support including 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. This set will be referred to hereafter as feedback set. If the size of the feedback set is one, the UE always transmits feedback for the single TP without transmitting the PI. On the other hand, if the size of the feedback set is larger than one, UE transmits feedback for the preferred TP along with the PI that indicates the preferred TP. This concept can be summarized as shown below:
· If the size of the feedback set for a feedback configuration is one

· Feedback for a single fixed TP is transmitted

· PI is not transmitted

· If the size of the feedback set for a feedback configuration is larger than one

· Feedback for a single preferred TP is transmitted

· PI is transmitted to indicate the preferred TP

Note that the PI is supported for each feedback configuration. Therefore, if there are 2 individual feedback configurations, each feedback configuration utilizes its own PI for indicating the preferred TP.

The key benefit of the supporting PI is that the network can support CoMP operation between a large number of TPs without having an excessive amount of channel feedback overhead. When the size of CoMP measurement set is large, UEs can down-select CSI-RS resources reducing uplink feedback overhead and only feedback CSI that matters. Note that the eNB can always choose to use or not use PI thereby realizing either a network-centric CoMP feedback or a UE-centric CoMP feedback. In the network-centric approach, multiple individual feedback configurations would be used to convey the downlink channel status without PI. Accordingly, more CSI and higher degree of scheduling flexibility can be achieved at the cost of larger feedback overhead. In the UE-centric approach, single feedback configuration would be used to convey the downlink channel status with PI. Accordingly, such an approach requires smaller feedback overhead at the cost of less CSI and consequently less degree of scheduling flexibility. The decision whether to be more network centric or UE-centric would be up to the network (i.e. network can decide to configure PI for a feedback configuration or not). 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, DPS or JT between preferred-2 TPs can be realized. If the network implements CS/CB, UEs can be configured with one feedback configuration which is fixed to the serving TP and another feedback for the most interfering TP which is down-selected by UE. For the example, the first feedback configuration would be for feedback set {CSI-RS-1} which is for the serving TP and the second feedback configuration would be for feedback set {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:
Proposal 1:
· Support preferred TP indicator (PI) for CoMP feedback.
2.2 Feedback Support for Dynamic Blanking
Dynamic blanking (DB) is a form of coordinated scheduling where the interference generated from a TP (e.g. high power TP in HetNet) is dynamically turned on or off in the time or frequency domain depending on whether it is beneficial to the CoMP system performance or not. For an efficient support of DB, it would be beneficial if the UE would provide feedback that allows the eNB to weigh the pros and cons of blanking off certain time or frequency resources as described in [5~6]. 
One feedback method we can consider to support DB is that UEs report back CSI for all configured multiple interference assumptions. That is, for each feedback configuration, CSI-RS resources for the signal and the corresponding interference assumption are signalled by eNB in addition to other relevant information such as feedback mode and timing. That is, for each interference assumption, the eNB configures an individual feedback configuration. For example, a UE can be configured with two individual feedback configurations where both configurations measure the same CSI-RS but under different interference assumptions. Table 3 summarizes how this approach could be used as a possible means to feedback the CSI for DB.
Table 3: Feedback configurations for DB
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Based on the above scheme, eNB can weigh the benefits of turning off a certain TP in the time or frequency domain. One drawback of the above approach is that the feedback overhead linearly increases as a function of the number of interference assumptions. 
In order to reduce the expected overhead due to multiple interference assumptions, it seems beneficial that for the feedback information which is common to CSI feedbacks for multiple interference assumption is only transmitted once. Such commonality could include RI and PMI since these feedback components are not expected to change due to the fact that the wireless channel between the UE and the serving TP remains the same whether or not the interfering TP is turned on or off. On the other hand, CQI could differ significantly since it is mainly dependent on the amount of interference. Taking advantage of this situation, the feedback overhead could be significantly reduced by transmitting only CQI for a feedback configuration with different interference assumption. The CQI would be based on RI and PMI which are transmitted under the reference interference assumption. For example, UE’s 2nd feedback configuration in Table 3 would include only CQI under the assumption that RI and PMI is the same as those of UE’s 1st feedback configuration. Additionally, in order to further reduce uplink overhead caused by the feedback support for DB, CQI that needs to be reported for DB can be in the form of a delta CQI. If we adopt such a delta CQI, UE’s 2nd feedback configuration in Table 3 would only include this value with reference to the CQI of the 1st feedback configuration under the assumption that RI and PMI is the same as those of UE’s 1st feedback configuration.
Proposal 2:
· Support measures to reduce the feedback overhead for dynamic blanking (DB):

· Transmit only CQI for a feedback based on same CSI-RS but different interference assumption.
· Rank and precoder information is assumed to be identical to the rank and precoder information transmitted for the reference interference assumption.
3 Conclusion
This contribution summarizes Samsung’s view on feedback supports for downlink CoMP in Release 11. In order to support CSI feedbacks for multiple TPs and interference assumptions, it is very important that the feedback overhead be kept reasonable. In line with this observation, the following proposals were made: 
Proposal 1:
· Support preferred TP indicator (PI) for each individual feedback configuration.

Proposal 2:
· Support measures to reduce the feedback overhead for dynamic blanking (DB):

· Transmit only CQI for a feedback based on same CSI-RS but different interference assumption.

· Rank and precoder information is assumed to be identical to the rank and precoder information transmitted for the reference interference assumption.
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