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1. Introduction

In [1], a SI on Rel-11 downlink MIMO enhancement is approved to study MIMO performance in real-life network deployment and also non-uniform deployment scenarios from the CSI feedback and downlink control channel enhancement viewpoints. In this contribution, the CSI feedback enhancement will be mainly discussed. In Rel-10, the CSI feedback accuracy enhancement for better MU-MIMO support was actively discussed and a lot of proposals were proposed. Since the co-located antenna ports in uniform network deployment scenario was only considered for MIMO system design, the CSI feedback accuracy enhancement was targeting better spatial beam separation for multiple user scheduling. However, if non-uniform network deployment is considered for MIMO performance enhancement, transmission point separation within a cell could be considered additionally for multiple user scheduling.

Therefore, we first overlook Rel-10 proposals for MU-MIMO feedback enhancement and discuss on new consideration points that are beneficial for non-uniform network deployments.
2. Proposals in Rel-10 for CSI Feedback Enhancement
Two approaches for MU-MIMO feedback accuracy enhancements were discussed such as additional MU-MIMO based CQI/PMI reporting and finer CSI feedback granularity support.
2.1. MU-MIMO based CQI/PMI reporting 
The best companion PMI and its associated CQI reporting [2]-[5] has been proposed in order to mitigate co-channel interference in MU-MIMO scheduling. A UE reports recommended PMI(s) for co-scheduled UE(s) which can be used to minimize the interference by using ZF-beamforming at the eNB transmitter. Since the MU-MIMO based CQI/PMI reporting increase overall feedback overhead to support dynamic switching between SU-MIMO and MU-MIMO, significant performance gain should be shown to justify the additional overhead.
Due to insignificant performance gain considering feedback overhead and additional implementation complexity, this type of MU-MIMO CSI feedback is not employed in Rel-10. Given that, it would be better to focus on the performance evaluation of MU-MIMO CSI feedback in the non-uniform network in order to minimize the repetitive discussion.
2.2. Finer CSI feedback granularity 
As an alternative approach to enhance MU-MIMO performance, CSI feedback granularity increment [6]-[14] has been also proposed in Rel-10. Finer beam granularity and/or time/frequency CSI reporting granularity have been considered so that new codebook and subband PMI/CQI reporting (i.e., PUSCH reporting mode 3-2) have been discussed. Several types of new codebook structures were discussed including adaptive codebook, multi codebook and so forth. However, since the current HH codebook already provides reasonable overall performance gain in 4Tx system, new codebook structure was not agreed in Rel-10. In addition, the PUSCH reporting mode 3-2 also shows marginal performance benefit. Due to this reason, CSI feedback granularity enhancement was not introduced in Rel-10.
Since the non-uniform network has totally different channel conditions and scheduling strategies, feedback granularity enhancement could be studied in Rel-11 as well.

Proposal: focus on non-uniform network to study MU-MIMO based CQI/PMI reporting and CSI feedback granularity enhancement as a MU-MIMO performance enhancement.

3. Consideration Points in Non-uniform Network
In the non-uniform network, geographically distributed antennas based multi-user separation can be considered on top of the beam-based multi-user separation. The figure 1 shows an example of macro-node with geographically separated antennas. As seen in the figure, if low-power RRHs are separated enough to see negligible interference, the same time/frequency resource can be scheduled to different UE without any strong co-channel interference. This transmission point selection based MU-MIMO may provide significant system benefit in terms of peak/average system throughput.
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Figure 1: Macro-node with distributed low-power RRHs
In order to exploit the transmission point (TP) selection gain, some additional CSI feedback enhancements and its associated measurement RS support may be required.
3.1. Enhancements on CSI feedback
A UE behavior for CSI reporting could be different according to the assumptions of PDSCH transmission with multiple TPs. Three approaches could be considered for CSI feedback enhancement in the non-uniform network deployment scenario as follows:
· Approach 1: CSI feedback is designed assuming that all (UE-configured) TPs are used for PDSCH transmission
In this approach, Rel-10 UE behavior is kept as the same so that no standard impact is expected since the UE-configured TPs are seen as antenna ports at a UE as in previous releases. Therefore, CQI/PMI/RI report as used in previous release can be reused. One potential enhancement could be that an antenna selection based codebook structure can be introduced in order to exploit TP selection gain. However, there seems to be a serious restriction on the total number of antenna ports of TPs to 1, 2, 4, and 8 ports unless DL MIMO transmission schemes based on different numbers of antenna ports are newly defined. Due to the restriction, spatial resources cannot be fully exploited in this approach. For example, consider a UE positioned in the middle of two points with four and two transmit antennas, respectively. Even though there are total six physical antennas available for the PDSCH transmission to this UE, eNB should configure four or less antenna ports to the UE unless any DL MIMO transmission scheme based on six transmit antenna ports is defined. 
· Approach 2: CSI feedback is designed assuming that a UE-selected TP subset among UE-configured TPs are used for PDSCH transmission
If a UE may select TP subset among the UE-configured TPs and reports CQI/PMI/RI for the selected TP subset, a more flexible TP selection could be possible so that the performance could be higher than Approach 1 although it requires additional feedback information such as TP selection indicator.
· Approach 3: CSI feedback is designed assuming that one of TP subsets among UE-configured TPs is used for PDSCH transmission
This approach allows eNB to switch the TPs transmitting PDSCH dynamically. Multiple TPs can be assigned to UE semi-statically, and UE reports multiple CSI sets accordingly. From reported multiple CSI sets, eNB is able to change the TPs transmitting PDSCH every subframe. For the instantaneous PDSCH demodulation, UE shall not need to know which TPs are involved thanks to the use of precoded DM-RS. Therefore, dynamic TP switching possibly reduces the CSI feedback frequency and makes TP scheduling more flexible. It is noted that this approaches can get the aforementioned advantages at the cost of relatively large feedback overhead compared to that in the other approaches.

Therefore, performance benefit should be studied to see whether the additional feedback overhead can be justified.
Observation: three approaches can be considered in the initial study of CSI feedback enhancement for non-uniform network deployment.
3.2. CSI-RS configuration

In the case of Approach-1 in the section 3.1, the CSI-RS configuration could be the same as Rel-10 since the distributed antenna ports will be seen as antenna ports in Rel-10 deployment scenario. However, multiple non-zero-power CSI-RS configuration could be considered for Approaches 2 and 3 since each TP or TP set could use the different CSI-RS configuration in order to allow a UE to reports CSI for each TP or TP set. Although multiple non-zero-power CSI-RS are configured for a UE, there might be no legacy UE (i.e., Rel-10 UE) performance impact due to flexible zero-power CSI-RS configuration. Therefore, according the approaches, the CSI-RS port could be shared by multiple TPs or allocated to a TP separately.
Since the non-zero-power CSI-RS configuration is configured via RRC signaling, restricted CSI-RS port subset based reporting with PDCCH signaling could be considered for dynamic TP subset selection support. This may help dynamic allocation of TPs for a UE with a low to medium Doppler frequency.
    Observation: multiple non-zero-power CSI-RS configuration and dynamic CSI-RS port subset restriction could be considered for flexible TP selection at eNB scheduler.

4. Summary
In this contribution, we discussed on the CSI feedback enhancement in Rel-11. The discussions could be summarized as follows:

· It is recommended to focus on non-uniform network to study MU-MIMO based CQI/PMI reporting and CSI feedback granularity enhancement as a MU-MIMO performance enhancement.
· Three approaches can be considered in the initial study of CSI feedback enhancement for non-uniform network deployment.

· Multiple non-zero-power CSI-RS configuration and dynamic CSI-RS port subset restriction could be considered for flexible TP selection at eNB scheduler.
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