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1. Introduction
The work item on elevation beamforming/full-dimension MIMO (EB/FD-MIMO) approved in RAN#68 has the following objective on CSI-RS enhancements:
· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
In this contribution we discuss several high-level design principles on CSI-RS enhancements. 
2. Discussion
2.1. Review of Rel.12 CSI-RS 

Rel.12 CSI-RS with {1, 2, 4, 8} antenna ports is depicted in Figure 1 as a reference. OCC = 2 is applied to CSI-RS ports in the same FDM group. A total of 40 REs are eligible for CSI-RS transmission, resulting in a reuse factor of {20, 10, 5} for {2, 4, 8} port. CSI-RS periodicity may be configured with minimum of 5ms periodicity.
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Figure 1: Rel.12 CSI-RS, normal CP
2.2. High-level principles 
CSI-RS density is one of the most important parameters that affect the channel estimation accuracy and the FD-MIMO performance. The current Rel.12 CSI-RS has a density of 1 RE/PRB/port, which in our view should be maintained in Rel.13. It is also noted that there was a discussion on CSI-RS density of 1, 1.5 or 2RE/PRB/port back in Rel.10, i.e. higher density than 1RE/PRB/port, where some companies noticed that 1RE/PRB/port is insufficient to properly sample very frequency-selective channels such as ETU. Furthermore, Release 11 study on quasi-colocation also revealed that the current density is too low for some other purposes. Hence, the minimum density of Rel.13 CSI-RS should be 1 RE/PRB/port.  
Proposal: 
· CSI-RS density of at least 1RE/PRB should be satisfied.

For Rel.12 CSI-RS, up to 40 REs per PRB are eligible for CSI-RS transmission. It is then a question whether 12/16 port CSI-RS should be transmitted only on these 40 REs, or may use additional REs that are not eligible for Rel.12 CSI-RS transmission.
The first approach is much simpler in terms of avoiding CSI-RS collision with other signals, e.g. DMRS, because Rel.10 CSI-RS design is already quite extensive and it’s not very likely to find new resources without colliding with any other signals. Secondly, reusing the existing CSI-RS resource elements leaves PDSCH muting / rate matching much easier for Rel.13 CSI-RS. On the other hand, limiting to Rel.12 CSI-RS REs has the potential drawback of low reuse factor for 12/16 port, since only 40 REs is allowed for CSI-RS transmission. For 12 ports CSI-RS RE mapping, if strictly constrained within REs eligible for Rel-12 CSI-RS then there are 3 patterns, however if 8 REs (encircled parts in Figure 2) previously unused for CSI-RS mapping in Rel-12 can be utilized the reuse factor increases to 4. It can be also discussed whether different CSI-RS resource configurations may have overlapping REs, to improve the reuse factor.
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Figure 2: Exemplary 12 port CSI-RS, with non-overlapping CSI-RS patterns 
Proposal: 
· CSI-RS is transmitted utilizing resource elements eligible for Rel.12 CSI-RS as much as possible with minimum change if any.
· Reuse factor should be considered in CSI-RS pattern design.
There were proposals to spread CSI-RS ports of a CSI-RS resource to multiple subframes. This is undesirable in our view as it increases CSI measurement delay and UE memory requirement for buffering the channel measurement. 
Proposal: 
· Each CSI-RS resource shall be self-contained in a single subframe.
Following the same design principle of Rel.12 CSI-RS, it is possible to design several candidate CSI-RS resource configurations which are non-overlapping. In this case, RAN1 specification needs to introduce 3 or 4 new CSI-RS resource configurations for 12 port, and 2 new CSI-RS resource configurations for 16 ports. An example for 16 ports is given in Figure 3, where the red and green grids depict two 16 port CSI-RS resources. The advantage is that the interference experienced by all antenna ports of a CSI-RS resource is uniform. On the other hand, the disadvantage is the reduced cell reuse factor, particularly for 16-port with a reuse factor of 2. Considering future proofness of 32 and 64 antenna ports, this alternative could be potentially restrictive, e.g. only one CSI-RS pattern is available for 32 ports. Alternatively, if CSI-RS resources are allowed to be partially overlapping, the reuse factor will be increased accordingly, at the expense of non-uniform interference on different ports in the same CSI-RS resource. 
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Figure 3: exemplary 16 port CSI-RS, with non-overlapping CSI-RS pattern (e.g. red and green grids)
Proposal: 
· Investigate whether different CSI-RS resource configurations should have non-overlapping or overlapping patterns, taking into account CSI-RS reuse factor, channel estimation accuracy, as well as future proofness (e.g. 20, 24 CSI-RS ports).
It appears that 16 port CSI-RS can be straightforwardly constructed by concatenating two 8-port CSI-RS resource together. 
· It is possible to retain OCC = 2 and label the CSI-RS ports consecutively in two 8port resources, e.g. port 0-7 of the first 8-port CSI-RS resource corresponds to port 0-7 in 16 port CSI-RS resource, port 0-7 of the 2nd 8-port CSI-RS resource corresponds to port 8-15 in 16 port CSI-RS resource. This is applicable regardless whether the two 8-port CSI-RS are in the same OFDM symbols or not. 
· Another possibility is to apply OCC = 4, if two component 8-port CSI-RS resources are in different OFDM symbols. The advantage of this scheme is that it allows achieving full power utilization with 6dB power boosting. On the other hand, this is not applicable if both 8-port CSI-RS resources are in the same OFDM symbol (e.g. symbol 8, 9), therefore eliminating at least 3 potential 16 CSI-RS patterns and negatively affecting the CSI-RS reuse factor. Furthermore, how to extend OCC = 4 to future CSI-RS enhancements (e.g. 20 port, 24 port) should be studied.
Proposal: 

· Further study OCC = 2 and OCC = 4, considering CSI-RS reuse factor, power boosting, as well as future proofness (e.g. 20, 24 CSI-RS ports).

3. Conclusions
In this contribution we discussed a few high-level design principles for 12 and 16 port CSI-RS. Based on the discussion our preference is given below
Proposal: 
· CSI-RS density of at least 1RE/PRB should be satisfied.
· Antenna ports of a CSI-RS resource shall be retained in a single subframe.
· CSI-RS is transmitted utilizing resource elements eligible for Rel.12 CSI-RS as much as possible with minimum change if any.
· Further investigate whether different CSI-RS resource configurations should have non-overlapping or overlapping patterns, taking into factors including CSI-RS reuse factor, channel estimation performance, as well as future proofness (e.g. 20, 24 CSI-RS ports).

· Further study OCC = 2 and OCC = 4, considering CSI-RS reuse factor, power boosting, as well as future proofness (e.g. 20, 24 CSI-RS ports).
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