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1 Introduction
Beamformed CSI-RS mode is different in operation from non-precoded CSI-RS mode, since the eNB pre-selects a channel subspace (i.e. a beam) for which the UE report CSI. The CSI includes tracking of fast channel fluctuations such as polarization rotation over frequency and time as well as rank and CQI. Hence, robustness may be an issue for this mode. 

In the non-precoded CSI-RS mode, the UE reports CSI based on the full MIMO channel and thus the UE selects both beam subspace and the fast fading fluctuations within the selected beam, leading to better robustness due to closed loop operation. Note that both modes require a codebook for polarization co-phasing but we will in the following refer the non-precoded CSI-RS category as the codebook based mode of operation.
The eNB beam pre-selection in beamformed CSI-RS requires some channel knowledge at the eNB and this can be accomplished by utilizing long term channel reciprocity (if uplink signals to measure on exists) or for Rel-12 UEs, by using RSRP measurements on the discovery reference signals (DRS). Hence, beamformed CSI-RS will likely have less accurately controlled/slowly controlled beams but on the other hand the link adaptation works well since CSI-RS and PDSCH are transmitted through the same beam and co-phasing PMI and CQI can be as frequent as in the non-precoded CSI-RS case. The codebook based approach on the other hand provides rich MIMO channel information at the expense of increased feedback signaling overhead.  
For the beamformed CSI-RS mode of operation we see two possible problem areas that may need specification enhancements:
· CSI-RS overhead, since each UE will have its own set of beamformed CSI-RS resources, this can become large at high traffic load, many RRC_CONNECTED UEs
· Robustness, since eNB performs part of the link adaptation (i.e. beam shaping) without frequent UE feedback or with no UE feedback at all
In this contribution we discuss further possible enhancements for beamformed CSI-RS for FD-MIMO. 
2 What is beamformed CSI-RS?

The beamformed CSI-RS can be viewed as an evolution of baseline Category 2. The baseline assumes a set of vertical shared cells each with a horizontal antenna array of up to 4 columns. In each shared cell a CSI-RS resource is transmitted. The eNB assigns the UE to one of the shared cells (vertical sectors). This baseline has several drawbacks; the beams are cell specific and not UE specific, so it is more or less a static sectorization approach with poor flexibility. 
Contrary to the baseline, a beamformed CSI-RS enhancement would allow for UE specific beams to be formed, pointing in any 2D angle direction to give much more flexibility than the baseline. A simple extension to the baseline would be that the UE could dynamically select from the different vertical shared cells. However, the benefits from the flexibility in forming UE specific beams would not be gained and the vertical spatial resolution of the feedback is poor. Such simple extension is equivalent to have a 2D codebook with low spatial resolution (0.5-1.0x spatial oversampling) in the vertical direction and would not efficiently support MU-MIMO. 
With UE specific beams, the number of ports per beam can be reduced, down to two CSI-RS ports per beam to allow for feedback of polarization co-phasing only, using a small polarization state codebook. This would reduce the CSI-RS overhead per UE to two ports, but put highest demands on the eNB to select a good beam for each UE since the UE is not doing any (frequent) feedback of spatial information at all. The UE complexity on polarization codebook search on the other hand is very small. 
Another drawback with the Cat.2 baseline is that the number of cell specific beams (e.g. vertical virtual sectors) will in a general site need to be large, especially in complex deployments such as in front of high rise buildings and arbitrary dense cities etc. Furthermore, as the beamformed CSI-RS mode is agnostic to the number of antenna elements at the eNB, UE specific beamforming is a future proof solution for 2DAA with much larger number of antenna elements than 64. However, the beam width decreases with the number of 2DAA antenna elements and requires even more cell specific beams if the Cat.2 baseline approach is adopted as the basis for enhancements. Hence, it is useful and forward compatible to efficiently support UE specific beams in the beamformed CSI-RS case and the enhancements should target this use case.

An additional important aspect:  in cases where channel reciprocity can be utilized, detailed downlink channel knowledge per UE is expected, which can be utilized for MU-MIMO and future massive MIMO operation, and it would be unfortunate if the specification does not allow efficient use of UE specific beamformed CSI-RS. 

Proposal: Enhancements for beamformed CSI-RS should target UE specific beamforming

3 Enhancements to support UE specific beamformed CSI-RS
One potential problem with UE specific beamforming is the CSI-RS overhead, even though each UE may in the best case only require a two antenna port CSI-RS measurement. However, if the number of RRC_CONNECTED UEs in the cell is large (real network measurements revealing up to 500 simultaneously connected UEs are not uncommon), there would still be a need for a very large number of CSI-RS resources. Also, ZP CSI-RS configurations are needed to protect the RS and give correct PDSCH to RE mappings. The RS overhead may then be even worse than for non-precoded CSI-RS mode of operation. Hence, there is with current specifications a limit on how many UEs that can be connected to an FD-MIMO enabled eNB, if UE specific beamforming is used. 

Another potential problem is the beamforming robustness. With increasing number of 2DAA antenna elements, the beams are narrower and the risk of beam pointing error increases, particularly in mobile environments. Moreover, in NLOS channels or in channels with strong reflections, the single beam feedback may not be sufficient for good performance. Enhancements to increase the robustness of UE specific beamforming are important. 
Observation: Current specifications with one static CSI-RS configuration per UE does not scale well with increasing number of UEs due to RS overhead and has poor robustness against mobility
In the beamformed CSI-RS case, it can be observed the actual need for detailed MIMO channel measurements is dynamic as not all RRC_CONNECTED UEs have data in their buffers simultaneously. This could be utilized to reduce the CSI-RS overhead.  

Hence, there is a need for enhancements for beamformed CSI-RS to support
· Arbitrary array sizes, even very narrow beams
· A very large number of RRC_CONNECTED UEs in the cell

· Short packet operation (i.e. bursts with many UEs with non-zero buffers)

· Robustness to mobility and beamforming errors

Still there is a need to be backward compatible, so use of existing CSI-RS patterns is required so that pre Rel.13 UEs also can be scheduled by a 2DAA with PDSCH rate matching around the CSI-RS. 
To solve the aforementioned problems with current CSI-RS operations, we propose an enhancement by introducing pooling of CSI-RS resources. A CSI-RS resource can then be re-used by different UEs (and thus different beams). For instance, when an aperiodic CSI report is triggered, the eNB ensures that the associated CSI-RS is beamformed to the UE and the CSI measurement will accurately reflect the link in that beam. 
Introducing pooling and thus re-use of CSI-RS resources may contain one or several of the following components:

· A triggered and dynamic CSI feedback where the NZP CSI-RS resource(s) that the UE shall measure on is indicated in the DCI message containing the UL grant. Hence, the NZP CSI-RS are taken from a configured pool of NZP CSI-RS. 
· The UE selects from a known set of NZP CSI-RS resources and indicates the preferred resource in the CSI report. This increases robustness of eNB controlled beamforming since multiple beam candidates are presented to the UE.
· The NZP CSI-RS channel interpolation across subframes is disabled so that one resource can be used by different UEs in different measurement occasions 

· Disabling the averaging of CSI-IM across subframes 
Another approach that could reduce the CSI-RS overhead is based on the hypothesis that the spatial filtering provided by the beam reduces the delay spread of the equivalent, beamformed channel. This could also be an area of investigation for reducing CSI-RS overhead. 
4 Conclusion
Based on the discussion we make the following proposals:

Proposal: Enhancements for beamformed CSI-RS should target UE specific beamforming

Proposal: Capture the following possible beamformed CSI-RS enhancements in the TR:
· A triggered and dynamic CSI feedback where the NZP CSI-RS resource(s) that the UE shall measure on is indicated in the DCI message containing the UL grant. Hence, the NZP CSI-RS are taken from a configured pool of NZP CSI-RS. 

· The UE selects from a known set of NZP CSI-RS resources and indicates the preferred resource in the CSI report. This increases robustness of eNB controlled beamforming since multiple beam candidates are presented to the UE.

· The NZP CSI-RS channel interpolation across subframes is disabled so that one resource can be used by different UEs in different measurement occasions 

· Disabling the averaging of CSI-IM across subframes 

· Reducing the CSI-RS density per port.


