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1. Introduction
In 3GPP RAN#50, Non-uniform network (distributed RRHs) was introduced in the objective for evaluation in the updated COMP SID [1]
Scenario 4：Network with low power RRHs within the macro cell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell
In RAN #51, non-uniform network with low-power RRHs was also introduced in the objective of the new MIMO SID [2] :
Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:

·  Evaluate UE CSI feedback enhancements
·  Evaluate enhancements for downlink control signalling
In this contribution, we discuss about the CSI feedback in non-uniform network with distributed RRHs.
2. Discussion on CSI Feedback in non-uniform network with distributed RRHs
In Rel-10, RRC configuration of CSI-RS can be UE-specific. There is great flexibility in how to operate it. Under some circumstances, it makes sense to let each point transmit CSI-RS on a separate CSI-RS resource. 
2.1 Single Point CSI feedback

The eNB can configure the CSI-RS resource to a particular UE so that the UE can estimate the channel for CSI feedback.  With UE-specific CSI-RS configuration, CSI-RS resource corresponding to a point can only be seen by a UE sufficiently close to that point so that the UE can do CSI measurement associated with that point.  Therefore, different UEs can measure on different CSI-RS resources depending on the location of the UE in the cell as shown in figure 1.
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     Figure 1 Single Point CSI feedback based one UE Specific CSI-RS
In non-uniform network, some UEs may suffer from interference from other points (e.g. Macro, or other RRHs), Single point CSI feedback is not sufficient to support multi-points transmission (e.g. Joint Transmission or Coordinated-Beamforming). Especially for CS/CB, it is difficult for eNB to perform interference coordination without multi-point CSI feedback.
It can be observed that:

· Single point CSI feedback has been supported in R10. The UE can measure on the CSI-RS resource corresponding to the point close to that UE with UE specific CSI-RS configuration.
· Single point CSI feedback is not sufficient for non-uniform network to perform coordination between points.
2.2 Multi- Point CSI feedback

For multi-point joint transmission, a UE can report global information of the channel between UE and multi- points if the eNB configures a global CSI-RS to the UE. e.g the 2Tx Macro eNB and 2Tx RRH1 can be configured to 4 CSI-RS ports for a UE.  The UE will calculate and report a global CSI feedback according to 4 CSI-RS ports.  In [5], we show performance comparison of JT with this type of global CSI feedback and non-CoMP system in the distributed RRHs scenario.
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Figure 2 Global CSI-RS configuration and Global CSI feedback
Based on this, the current global CSI feedback can support joint transmission.  Global CSI feedback can be made transparent to UE which doesn’t increase UE complexity.  However, the support is limited to certain antenna configurations. e.g. the total number of antennas has to be 2, 4 or 8 provided that codebook exists only for these configurations.  For example, UE can’t do the global CSI measurement if we want to do joint transmission of 4Tx macro eNB and 2Tx RRHs.  Also, 8Tx codebook with dual PMI feedback structure is mainly designed for correlated channel with closely spaced antennas.  The Rel-10 8Tx codebook is hence not suitable for geographically-separated antennas in the distributed RRH scenarios.  Without per-point CSI feedback, it can’t effectively support dynamic RRHs selection.  It is hard for eNB to change the cooperating set dynamically or fall back to single point transmission.
Without per-point CSI feedback, it is hard for eNB to perform CS/CB between points.  eNB can only co-schedule UEs under well-separated RRHs.  However, it is hard for eNB to make sure they are well-separated without per-point CSI feedback. eNB may rely on UL signal like SRS to roughly estimate it but it may not be accurate enough.  Also, coordinated beamforming can’t be done to increase the chance of re-using the resources when the RRHs are not so separate.
It can be observed that:

· Global CSI feedback for JT based on multiple points is currently supported in Rel-10.
· Global CSI feedback for JT is limited to certain antenna configurations. Dynamic RRH selection is not supported.

· CS/CB can’t be supported well under global CSI feedback.
Further study on the enhancements to multi-point CSI feedback is needed in the scenario of distributed RRHs. (e.g. to introduce codebook with different antenna configurations, to introduce per-point CSI feedback) 
3. Conclusion
In this contribution, we discuss about CSI feedback under network with distributed RRHs.  With UE specific CSI-RS configuration in Rel-10, single point CSI feedback or global multiple CSI feedback can be supported when the UE is configured to measure the point(s) in its proximity. Certain limitations exist with global CSI feedback (e.g. lack of support of different antenna configurations, dynamic point switching and CSCB).  Therefore, further study on enhancements to the current multi-point CSI feedback is recommended.
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