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1
Introduction
This contribution discusses enhancements to CSI feedback to address possible issuus with deployment scenarios that operators have expressed an interest in [email discussion 65-57]. 
The focus of this contribution is on a network with low power Remote Radio Heads (RRH)s for both outdoor, and indoor, deployments within a macrocell coverage area where the transmission/reception points created by the RRHs have the same cell identity as the macro cell (Scenario-A of this SI, or Scenario 4, of the CoMP SI).
2
Deployment scenarios
Four deployment scenarios have been discussed in the 3GPP RAN1 reflector [1]. In order to focus on the scenarios in which all the Transmission Points (TP) and macro eNB share the same cell-ID, we concentrate our discussion on Scenarios A and C in this contribution. The geographically separated low power RRHs (or TPs) based network scenarios have been considered as a higher priority deployment scenario for the Rel-11 DL MIMO enhancement SI [1]. Using these scenarios a potential improvement of overall system performance by exploiting spatial multiplexing gain has been noted. This improvement may be expected by noting that each geographically separated TP may serve a different UE while experiencing a low interference from other TPs in the same macro eNB area.
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Figure 1. Non-uniform network with macro eNB and low power RRHs (TPs) [Scenario-A].
Figure 1 shows a non-uniform network deployment scenario in which multiple low power RRHs are located within a Macro eNB coverage area, and all TPs have the same cell ID.  In this scenario the orthogonal reference signal must be unique for each TPs in order to enable the UE to exploit spatial multiplexing gain. This scenario is defined as scenario-A. 
A deployment scenario equivalent to scenario-A, but which does not include an eNB, is considered as scenario-C as shown in Figure 2.
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Figure 2. Non-uniform network with low power RRHs (TPs) only [Scenario-C].
Backward compatibility
Legacy UEs (i.e., Rel-8/9/10 UEs) need to be supported in all Rel-11 network deployment scenarios as the major UE population at the beginning of a Rel-11 network deployment will consist of legacy UEs. 
We note that the performance of legacy UEs should not be degraded as much as possible in Rel-11 deployments. Since legacy UEs rely on the CRS in its detection process, which includes the procedure for detecting the downlink control channels, CRS coverage can be considered as the legacy UE coverage. In scenario A, the legacy UE coverage can be kept as in previous releases since the CRS can be transmitted from the macro eNB, while CSI-RS can be used to differentiate TPs for measurement. As an alternative, the CRS can be transmitted from all TPs as well in order to exploit SFN gain. However, the legacy UE coverage may not be the same as the previous releases in scenario-C unless multiple low power RRHs are uniformly distributed to form the same cell coverage as a macro eNB. Considering the feasibility and robustness of the control channels, Scenario-A should be kept as a highest priority among the deployment scenarios in the DL MIMO enhancement SI.
3
Areas of enhancement
In Scenario-A, the antenna configuration could be flexible according to the UE location, Doppler frequency, and geometry as different from previous releases where the static antenna configuration in a cell is typically assumed for MIMO mode design. Therefore, the following areas need to be studied with the new design aspects for better support of downlink MIMO transmission in Scenario-A:
CSI-RS configuration
In Rel-10, a UE-specific CSI-RS configuration including PDSCH RE muting (i.e., zero-power CSI-RS) was introduced so that an eNB could configure a different set of CSI-RS ports per UE in a specification transparent manner, which implies that a UE can be configured to see a subset of transmission points (TP)s (hereafter referred to as a TP subset) for the CSI reporting in Rel-11. Accordingly, one option with minimum standardization effort could be to reuse the Rel-10 CSI-RS configuration for Rel-11 UE to support scenario-A. However, there are some drawbacks associated with this approach:
· Limited number of CSI-RS ports
Since the Rel-10 CSI-RS configuration only supports {1, 2, 4, 8} ports, the total number of antenna ports for Scenario-A can be restricted to the existing set in Rel-10. This may result in UE throughput degradation due to a unnecessary TP set restriction as there could be {3, 5, 6} ports as a total number of antenna ports for a UE providing the best performance.
· Semi-static CSI-RS configuration and reporting
Due to the smaller coverage of low power RRHs (TPs), the optimal TP subset for reporting could be changed frequently even in low speed scenarios. The Rel-10 CSI reporting modes may not provide enough flexibility to adjust the proper TPs subset for the UE. Accordingly, more flexible CSI-RS configurations and CSI reporting modes may be required for better support of Scenario-A.
· Single CSI-RS configuration
In Rel-10, only a single CSI-RS configuration for measurement is allowed; thus, a macro eNB may not be able to obtain CSI information for TPs other than the TP subset serving the UE. Note that a macro eNB may need to know the channel condition of all TPs for a specific UE to select the proper TP subset. Alternatively, a macro eNB may use channel reciprocity for the TP subset selection even for the FDD mode of operation. However, the reciprocity based scheme could potentially degrade the system performance due to the potential for a different level of interference between the uplink and downlink channels.
Proposal 1: A CSI-RS configuration scheme which allows flexible TP subset selection should be studied.
Feedback codebook
The design criteria for the codebook design in previous releases was based on a constant modulus based codebook structure. The goal was to provide reasonable performance while guaranteeing full power transmission at the eNB transmitter.  We also note that the codebook was optimized for channel conditions in which all antenna ports are co-located, and transmit with the same transmission power in a cell. Therefore, the reuse of feedback codebooks specified in previous releases may result in a loss of precoding gain due to the following,
· Power imbalance across transmission points
Since the TPs are geographically separated in a cell, each TP may have different pathloss/shadowing from a UE viewpoint depending on its location. Consequently there could be a significant transmission power difference between the macro eNB, and/or RRHs. This may lead to a receive power imbalance at the UE which may lower the expected precoding gain. In a companion paper we have studied this phenomenon using link-level simulations [3].
· Restriction of total number of antenna ports
Similar to the discussion above for the CSI-RS configuration, the codebooks in Rel-10 are only defined for {2, 4, 8} Tx antennas. Therefore, a flexible TP subset configuration cannot be supported using the previous feedback codebooks.
Proposal 2: A per-TP based PMI feedback with relative phase correction information between TPs should be studied.
Interference measurement
As discussed in the deployment scenarios in Section 2, in Rel-11 the CRS needs to be transmitted from the macro eNB and all the TPs within the macro eNB coverage area to keep the same cell coverage area as previous LTE releases, and/or for support of legacy UEs. It has also been noted that the CSI-RS is used to differentiate multiple TPs for a UE to measure a TPs subset. Through Rel-10 the interference measurement based on CSI-RS has been inaccurate which motivated the use of CRS for inter-cell interference measurement. This is due to time and frequency sparse structure of CSI-RS [2]. However, the CRS cannot be used for interference measurement in Scenario-A since the CRS doesn’t reflect the interference from the neighbouring TPs under the same macro eNB coverage. Therefore, new mechanisms for interference measurement at the UE should be investigated for support of Scenario-A in Rel-11.
Proposal 3:  Interference measurement ability at a UE receiver in scenario-A should be investigated
4
Conclusions
The following areas of investigation have been identified for enhancing CSI reporting with non-uniform networks in scenario-A:
· A CSI-RS configuration scheme which allows flexible TPs subset selection needs to be studied.

· A per-TP based PMI feedback with relative phase correction information between TPs should be studied

· Interference measurability at a UE receiver in scenario-A should be investigated
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