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1. Introduction
In RAN1#80bis, potential enhancements to CSI-RS were discussed [1].  Several issues to be studied were identified:

· For non-precoded CSI-RS  based schemes,

· CSI-RS coverage aspects related to CSI-RS reuse pattern

· CSI-RS coverage aspects related to CSI-RS power boosting

· Impairments related to TDM of REs from >2 OFDM symbols, e.g., phase drifting
· Codebook design

· Study ways to support more than 8 CSI-RS ports

· For beamformed CSI-RS based schemes, including hybrid beamformed CSI-RS based schemes,

· Beamforming change on UE-dedicated CSI-RS resource

· CSI-RS resource switching for channel measurement

· Aperiodic beamformed CSI-RS (pooling of CSI-RS resources)
· CSI feedback related to hybrid beamformed and non-beamformed CSI-RS

· Study on the number of beamformed CSI-RS resources
· Impact of increased number of CSI-RS ports and resources on legacy Rel-8/9/10 UEs not supporting muting
· Study the impact of required number of CSI processes

· UE complexity (e.g., memory storage requirement)
· Channel measurement and interference measurement

In this contribution we discuss our views on CSI-RS enhancements for the non-precoded CSI-RS-based schemes and for the beamformed CSI-RS-based schemes. 
2. Non-Precoded CSI-RS Enhancements
One approach for handling more than 8 TXRUs is to extend the currently available 8 CSI-RS ports per resource to a larger number of ports, for example 16, 32, or 64 ports.  We present several points regarding this approach:  

· Kronecker CSI measurement versus full CSI measurement: As pointed out in [2], the multiple CSI-RS feedback process framework of Rel-12 can be leveraged to support non-precoded CSI-RS-based schemes.  Two CSI-RS resources can be configured (one for horizontal and one for vertical) – this also assumes that the vertical dimension is virtualized for transmitting the horizontal CSI-RS resource and the horizontal dimension is virtualized for transmitting the vertical CSI-RS resource. The assumption here is that the channel with a 2D array can be approximated as a Kronecker product of the horizontal and vertical channel responses. Methods for inferring the complete channel from the two CSI-RS resources could mitigate the CQI mismatch problem to a certain extent, are possible in low ZSD environments, and warrant further study.  Furthermore, the existing Rel-12 codebooks were designed for horizontal arrays and may be suboptimal when used in the vertical dimension.  In contrast, full channel measurement of the 2D TXRUs is an alternative, but would require the support of significantly more CSI-RS ports (M×P+N versus M×N×P), which translates into higher overhead and UE channel estimation complexity.   
· Introduction of elevation codebooks versus a new codebook for 2D arrays:  With non-precoded CSI-RS, we can leverage the existing Rel-12 codebooks for the azimuth dimension and introduce an elevation codebook for the vertical dimension.  The use of a new codebook for elevation may be preferred since, as mentioned in the previous bullet, the existing Rel-12 codebooks were optimized for horizontal arrays and are likely to be suboptimal for covering the elevation dimension.  As with the previous bullet, the assumption is that the channel with a 2D array is suitably approximated as the Kronecker product of horizontal and vertical vector channel responses. Alternatively, a completely new codebook can be designed to support array structures with 16, 32, or 64 ports. A new codebook design may also look at optimization of the azimth dimension. A scalable codebook design that can handle different array structures will be critical and warrants further study.   
· New CSI-RS design:  Up to 40 REs can be taken up by CSI-RS ports within a PRB considering the current Rel-12 subframe structure [5]. Supporting a large number of CSI-RS ports in the current subframe structure is a rather complex problem especially when combined with the need for a reuse pattern on the REs allocated to CSI-RS. Supporting 16 CSI-RS ports without re-designing the subframe structure is likely to be a more manageable option than supporing 32 or 64 ports, although issues relating to the overhead, channel estimation performance and CSI-RS reuse patterns deserve further study. Designig a new set of CSI-RS will require further details on issues such as the density of the CSI-RS in time and frequency, reuse characteristics, and the ability to employ power boosting.  Finally, the coexistence with legacy UEs must be accounted for in the design. It has also been noted that non-precoded CSI-RS has the potential for poor coverage performance as the number of TXRUs is increased due to the low gain antenna elements being fed by the TXRUs [3]. Therefore there are multiple aspects of a new CSI-RS design that need attention. 
· Density of CSI-RS
· Reuse factor of CSI-RS
· Coverage of CSI-RS
· Legacy impact of CSI-RS (also in general impact on legacy UEs coexisting in the same cell due to CRS etc.)
· Power boosting of CSI-RS
3. Precoded CSI-RS Enhancements
Another approach for handling more than 8TXRUs is to leverage precoded or beamformed CSI-RS while preserving as much as possible the current CSI-RS designs and procedures.  References [6][7]
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[8]  provide summaries of several potential schemes that are based on precoded CSI-RS. Several points come to mind:
Vertical beam selection / UE specific vertical beamforming:   Precoded CSI-RS offers a high degree of flexibility in terms of beam characteristics with the tradeoff of potentially requiring significant implementation effort at the eNB.  The ability to support arbitrary array structures with vendor-specific beamforming provides a flexible forward-looking solution.  

Impact on out-of-cell interference: The practical modelling of the RF beam pattern and pointing direction and their impact on out-of-cell interference are important aspects that can affect the system results significantly. Due to the beamforming gain and the ability to quickly change the baseband beamformer on CSI-RS the reuse factor of CSI-RS becomes important especially from an out-of-cell interference point of view. 
Impact on UE of the beamforming on the CSI-RS changing across time:  If the beamforming on the CSI-RS is varying in time, then the UE needs to be somehow restricted in terms of its ability to do long-term averaging such that the variation of the beamformer is reflected in the CSI feedback process.  If the beamforming is desired to be changed across time, the UE must be able to properly calculate the CSI/CQI when the beamforming varies across time.

Impact of precoded CSI-RS on system overhead:  the use of CSI-RS that is precoded on a UE-specific basis or cell-specific basis will require larger system overhead, especially in high user density scenarios.  The impact of this particular aspect of beamformed CSI-RS needs be considered and optimisations may be possible to mitigate this overhead impact. Along the same lines to support large scale MU-MIMO the reuse factor for IMR may need to be studied as well.
4. Conclusion
Proposal: We propose to capture some details of the specification impact as mentioned above in the TR. 
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