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1. Introduction
In 3GPP RAN #68 meeting, the work item on 3D-MIMO was approved [1].  The RAN1 objectives related to beamformed CSI-RS are:
· Specify enhancements on reference signal in the following areas [RAN1]

· Beamformed CSI-RS

· Specify enhancements on CSI reporting in the following areas [RAN1]

· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

In SI stage, two types of beamformed CSI-RS are studied and captured in TR: UE-specific beamformed CSI-RS and cell-specific beamformed CSI-RS. In this contribution we discuss the spec impact of the two operations respectively.
2. UE-specific beamformed CSI-RS
For UE-specific beamformed CSI-RS, eNB virtualizes each polarization to one CSI-RS port, and UE measures the two ports, report the co-phase between polarizations. It is also possible to support more than 4 CSI-RS ports for UE-specific beamformed CSI-RS, as shown in Figure 1.
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Figure 1. Generic UE-specific beamformed CSI-RS
It is generally understood that a large part of UE-specific beamformed CSI-RS schemes can be realized as eNB implementation. For example, CSI-RS virtualization weight can be determined by short/long term reciprocity in TDD/FDD system respectively, and UE feedback PMI based on legacy 2 or 4 Tx codebook. 

However, to ensure a proper operation of UE-specific beamformed CSI-RS in reality, there is still a mount of spec optimization needs to be done. At least the following areas needs to be specified in our understanding.
2.1. Measurement window
Firstly, the CSI-RS is beamformed to the UE, and the virtualization weight is eNB implementation. Due to UE mobility, the virtualization weight changes with respect to time (such behavior is different from non-precoded CSI-RS or cell-specific beamformed CSI-RS, where CSI-RS virtualization weight does not change with respect to time). It is typically eNB implementation to decide when and how to adapt virtualization weight. However, in current spec, there is no restriction of measurement resource for UE to measure CSI, then it is very difficult for eNB to adapt virtualization weight because UE may average CSI over a long time, in which time eNB cannot freely change virtualization weight. On that sense, it is possible to restrice CSI measurement window at UE side, in order to provide more freedom to eNB to adapt CSI-RS virtualization weight, therefore:
Proposal 1: introduce UE measurement window for CSI measurement, namely how many TTIs the UE may assume same virtualization weight for CSI-RS

There are multiple ways to realize measurement window in spec, the most straightforward way is perhaps to configure measurement window by RRC. RRC parameters for example may include 1) window width and 2) the starting position of a window, and more details (if any) can be determined in following RAN1 meetings.
2.2. TDM multiplexing of CSI-RS
One major issue of UE-specific beamformed CSI-RS is that the CSI-RS overhead is proportional to the number of active UE in cell, therefore CSI-RS overhead may be concerned. To reduce CSI-RS overhead, the following TDM multiplexing of CSI-RS is proposed, as shown in Figure 2.
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Figure 2. TDM multiplexing of CSI-RS

Based on the above opereation, different UE may receive same CSI-RS configuration. At a given time, the CSI-RS is pointing to a particular UE, for other UE, this configured CSI-RS resource is disabled. Using such mechanism, the CSI-RS overhead for UE-specific beamformed CSI-RS can be limited to a constant number, henceforth not only reduce CSI-RS overhead, but also avoid the difficulty to rate match time-varing ZP CSI-RS configurations. Therefore we propose:
Proposal 2: introduce TDM multiplexing between UEs to reduce CSI-RS overhead for UE-specific beamformed CSI-RS.

It should be clarified that measurement window is different from TDM multiplexing. Measurement window is configured to be within the “enabled” CSI-RS duration, so eNB can adapt virtualization weight within the “enabled” CSI-RS duration.
2.3. Increased number of ZP CSI-RS for rate matching

In the current spec, it is specified that “For a serving cell, the UE can be configured with up to 5 additional zero-power CSI-RS resource configurations…” in section 7.2.7 of TS 36.213. However, for UE-specific beamformed CSI-RS, the number of rate matched ZP CSI-RS should be much more because a UE needs to rate match other UE’s CSI-RS. Certainly more ZP CSI-RS may cause UE complexity issue, so the related UE complexity may need to be discussed as well. Therefore we propose:
Proposal 3: Increase number of ZP CSI-RS for rate matching to 16. Methods to address UE complexity may be further investigated.

2.4. New 2/4 Tx codebook

If the eNB antenna is virtualzied to 2 CSI-RS port, UE may feedback PMI (co-phase between two polarizations) based on the two ports. However, current 2Tx codebook is based on 2 times oversampling of 2 Tx. Nowadays 4 or 8 times oversampling is much more popular in 3D-MIMO codebook designs. Therefore we propose :
Proposal 4 : RAN1 to further investigate 2 Tx codebook with finer granulairty, such as 4 or 8 oversampling rate.

If the eNB antenna is virtualzied to 4 CSI-RS port (as shown in Figure 1), UE may feedback PMI based on the four ports. Intuitively such four ports is similar to far spaced cross-pol antenna. However, R12 4 Tx codebook is specified for closely-spaced cross-pol antenna, while R8 4Tx codebook is equally optimized for closely-spaced cross-pol, far-spaced cross-pol and uniform linear array. If a new 4 Tx codebook tailored for 4Tx far-spaced antenna array, it is expected that system performance can still be much improved. Therefore we propose:
Proposal 5 : RAN1 to further investigate new 4 Tx codebook optimized for far-spaced cross-pol antenna.
3. Cell-specific beamformed CSI-RS

For cell-specific beamformed CSI-RS operation, eNB may transmit multiple CSI-RS resources which are beamformed in different (typically vertical) directions. The major spec impact of cell-specific beamformed CSI-RS is to help eNB to select best CSI-RS, so eNB can transmit PDSCH along the same direction.
There are multiple ways to report best CSI-RS, one method is to report beam index (BI). For BI based operation, UE measures multiple CSI-RS resources configured by eNB, report BI and related CQI/PMI/RI. Such method is clean but some spec effort on reporting modes may be needed.

Another way to report best CSI-RS is to report DRS based RSRP, where CSI-RS resources in DRS are differently beamformed. Note that this step can be done without spec change. Then eNB configure eNB to report CQI/PMI/RI corresponding to the strongest CSI-RS. It may need to further discuss if the configuration signaling is RRC or dynamic.

Based on the above discussion, we propose:

Proposal 6: RAN1 to further select between BI-based operation and RSRP-based operation.

Proposal 7: If BI is to be reported, the following property should hold:

· BI is wideband and long-term

· CQI/PMI/RI is calculated conditioned on BI

Proposal 8: If RSRP based operation is specified, further study the configuration signaling is RRC or dynamic.
4. Conclusions

In this contribution, spec impact of beamformed CSI-RS is discussed. The proposals are :

For UE-specific beamformed CSI-RS,

Proposal 1: introduce UE measurement window for CSI measurement, namely how many TTIs the UE may assume same virtualization weight for CSI-RS

Proposal 2: introduce TDM multiplexing between UEs to reduce CSI-RS overhead for UE-specific beamformed CSI-RS.

Proposal 3: Increase number of ZP CSI-RS for rate matching to 16. Methods to address UE complexity may be further investigated.

Proposal 4 : RAN1 to further investigate 2 Tx codebook with finer granulairty, such as 4 or 8 oversampling rate.

Proposal 5 : RAN1 to further investigate new 4 Tx codebook optimized for far-spaced cross-pol antenna.
For cell-specific beamformed CSI-RS,

Proposal 6: RAN1 to further select between BI-based operation and RSRP-based operation.

Proposal 7: If BI is to be reported, the following property should hold:

· BI is wideband and long-term

· CQI/PMI/RI is calculated conditioned on BI

Proposal 8: If RSRP based operation is specified, further study the configuration signaling is RRC or dynamic.
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