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1. Introduction

In RAN#71 meeting, the WID for eFD-MIMO [1] has been approved with objectives shown in the following:
	· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 

· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

· Extend specification support for CSI reporting in the following areas [RAN1]

· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D

· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS

· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded

· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme


In this contribution, we discuss potential enhancements on beamformed CSI-RS for eFD-MIMO, on top of Rel-13 FD-MIMO features, including enhancements on aperiodic CSI-RS transmissions for more efficient resource utilization.
2. Discussion 
Rel-13 FD-MIMO supports beamformed CSI-RS based operations which can be classified into two major features, in terms of the configured number of NZP CSI-RS resources (K) within a CSI process with Class B:
· Class B with K>1:  CRI reporting with existing RI/PMI/CQI reporting
· Class B with K=1:  Existing RI/PMI/CQI reporting, depending on PMI-config which indicates to use a legacy codebook or a new codebook defined in Rel-13
Class B with K>1 is regarded, in general, to be based on cell-specific beamformed CSI-RSs transmitted in a cell with different beamforming coefficients applied per CSI-RS, so that UE can choose and report the best CSI-RS index out of the configured K CSI-RSs by CRI reporting. Note, however, that it does not always have to be cell-specific beamformed CSI-RS, but depending on eNB implementation, it can also be UE-specific (or UE-group-specific) beamformed CSI-RS resources for beam selection by the UE in the CSI-RS resource level.
Class B with K=1 is regarded, in general, to be based on UE-specific beamformed CSI-RS transmitted for a UE, so that the UE can perform CSI reporting based on the configured “UE-dedicated” beamformed CSI-RS resource. Depending on eNB implementation, this case can also be utilized based on UE-group-specific beamformed CSI-RS for reducing the CSI-RS overhead, especially when a common beam direction can be applied on the K=1 beamformed CSI-RS resource commonly for multiple UEs in a cell.
On top of the already supported features above for Class B, we discuss potential enhancement topics related to beamformed CSI-RS based operations in the following.
CRI subset restriction for inter-cell interference mitigation
For the case of Class B with K>1, configured K CSI-RSs are transmitted targeting different beam directions, which can include different vertical beam directions, as illustrated in Figure 1. Certain beams, however, can cause strong interference to neighboring cells if the direction of the beam is reachable to UEs of the cells. For example, a beam for UE 2 is directly interfering to UE 3 of the neighboring cell in the figure, where such beam directions are likely to be toward the horizon which can cause significant inter-cell interference.
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Figure 1. Inter-cell interference caused by a beam direction toward horizon.
To avoid this interference problem, a kind of strict beam restrictions in terms of vertical beam steering can be considered. For example, beams toward UE 2 in Figure 1 can be strictly forbidden. However, it is not reasonable to simply restrict the beams in any case, since UEs in a high building can still be served with the beams for data transmission whenever there exist no interfered UEs, e.g., UE 3, or some scheduling coordination is possible among adjacent cells depending on network implementation. 
Considering that current CRI reporting and related CSI feedback behaviors in Rel-13 are already supported with two subframe sets, CRI subset restrictions per subframe set can be considered for alleviating the problem and providing network flexibility to control UE’s assumption to derive CRI. For example, K beamformed CSI-RSs with all beam directions can be configured for subframe set 1, whereas only a subset of the K CSI-RSs can be restricted to be valid for subframe set 2. Then, the UE can measure and report CSI including CRI for each subframe set, so that eNB can flexibly use those CSIs considering the inter-cell interference situation and possible coordination between cells.
Proposal 1: CRI subset restriction with subframe sets is considered for inter-cell interference mitigation.
Overhead reduction with CSI-RS activation/deactivation 
CSI-RS overhead reduction techniques need to be investigated according to the objectives in WID. One aspect for the overhead reduction should be related to handling activation/deactivation of beamformed CSI-RSs in the cell perspective, depending on the UE distribution in the cell. More specifically, it needs to be supported that eNB can turn on or off some of CSI-RSs targeting certain directions according to whether there exist UEs to be served with those beam directions. As depicted in the Figure 2, there would be certain CSI-RSs that no UEs will choose for a period of time as CRI reporting, such as CSI-RSs toward zone C and D. These CSI-RSs can be deactivated by proper L2 signaling somewhat similar to Scell activation/deactivation in CA systems, which seems more appropriate than relying on RRC reconfiguration in terms of fast and effective resource utilization.
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Figure 2. Illustration of activated/deactivated CSI-RSs according to UE presence.
Resources for deactivated CSI-RSs should be able to be utilized for data transmission, so that such CSI-RS overhead reduction mechanism brings benefits to increase resource utilization efficiency. Therefore, similar L1/L2-level signaling for updating ZP-CSI-RS in consideration of updating some activated/deactivated CSI-RS REs need also to be supported for other UEs who are not configured with Class B K>1.
Proposal 2: Overhead reduction mechanism based on CSI-RS activation/deactivation should be investigated.
Overhead reduction with aperiodic CSI-RS
For another aspect of CSI-RS overhead reduction, existing measurement restriction (MR) specified in Rel-13 can be utilized as, effectively, aperiodic CSI-RS transmissions within preconfigured possible CSI-RS instances. For a configured CSI-RS with ‘MR-ON’, the UE only measures the CSI-RS when aperiodic CSI request is received. As illustrated in Figure 3, for example, different beams with index B1 and B2 can be applied on the same CSI-RS resource, which can be referred to as “CSI-RS resource pooling”. In other words, eNB can freely choose and transmit beamformed CSI-RSs applied with different beam directions within the preconfigured possible instances. However, since this existing mechanism requires reserved resource, e.g., 5ms grid, it has a fundamental limitation on improving the resource utilization efficiency of CSI-RS transmissions. It is because the occupied resources regardless of actual CSI-RS transmissions cannot be used for other purposes such as data transmission. If the reserved instances of possible CSI-RS transmissions are not actually often used, such problem of ineffective resource utilization becomes more significant.
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Figure 3. CSI-RS resource with MR-ON, applying different beams for possible instances.
Therefore, for more flexible resource usage, dynamic indication of aperiodic CSI-RS can be considered. Aperiodic CSI-RS indication message which can also be tied with aperiodic CSI request is transmitted to the UEs for whom this aperiodic transmitted CSI-RS is used for the CSI measurement. In other words, resources are utilized with the indication for the aperiodic CSI-RS, and alternatively, resources without such aperiodic indication can be used for other purposes such as data transmission, resulting in significant CSI-RS overhead reduction. For UEs not indicated to report an aperiodic CSI, this aperiodic CSI-RS indication message can be interpreted as dynamic ZP-CSI-RS indication for those UEs to perform PDSCH rate matching around the indicated resources. Note this mechanism does not require a certain pre-configured time grid in possible CSI-RS transmitting instances, e.g., 5ms grid, which provides flexibilities in resource utilization for eNB implementation.
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Figure 4. Aperiodic CSI-RS transmissions by dynamic indication without pre-configured instances
Proposal 3: Dynamic indication of aperiodic CSI-RS transmission should be supported for effective resource utilization.
3. Conclusion
In this contribution, we discussed potential enhancements on beamformed CSI-RS for eFD-MIMO, on top of Rel-13 FD-MIMO features, including enhancements on aperiodic CSI-RS transmissions. The proposals based on the discussion are given below:
Proposal 1: CRI subset restriction with subframe sets is considered for inter-cell interference mitigation.

Proposal 2: Overhead reduction mechanism based on CSI-RS activation/deactivation should be investigated.
Proposal 3: Dynamic indication of aperiodic CSI-RS transmission should be supported for effective resource utilization.
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