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Introduction
At the RAN1 #84bis meeting, there were intensive discussions on CSI-RS port extension, especially on potential technologies [1]. Agreements and observations are captured as follows.
Agreements: 
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].
· The number of REs in the kth configuration Nk ∈ {4, 8}
· The same Nk = N can be used for all k 
· FFS whether the same Nk = N for all k is the only permitted configuration 
· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports
· FFS whether a different set of Nk might apply in case of CDM4
· FFS on including Nk=2.
· Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 
· The per-port CSI-RS density is FFS based on one or more of the following alternatives:
· FDM
· TDM
· Partial port
· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2
· Aperiodic CSI-RS with partial bandwidth
· Measurement restriction in frequency domain
· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 
· Other schemes 
· Note that the following are not precluded:
· per-port CSI-RS density per PRB = 1
· different per-port CSI-RS densities for different CSI-RS ports is not precluded

At the RAN1 #85 meeting, the discussion continued and the following agreements were achieved [2]:
Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k
· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8
· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)
· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k
· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 
· If Mk=8 is supported, FFS the details
· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k
· FFS port numbering 
· FFS N vs. M

In this contribution, we further discuss CSI-RS enhancement to support {20, 24, 28, 32} CSI-RS ports with mechanisms to reduce the CSI-RS overhead.
Considerations on CSI-RS enhancement
Fig. 1 shows RE mapping of CSI-RS for legacy LTE releases. The RE mapping were determined to avoid collisions to other physical channels and signals such as PDCCH, CRS and DM-RS. Totally, 40 REs are reserved per PRB pair for all of the different AP configurations, i.e., {1, 2, 4, 8, 12, 16}-Tx CSI-RS. According to the increase in the number of CSI-RS APs, overhead becomes non-negligible. For example, if we assume similar CSI-RS design, overhead of 32-Tx CSI-RS will be 3.8 (11.4) % for the reuse factor of 1 (3) with the transmission periodicity of 5 ms. In addition, if we keep current RE pool and density of CSI-RS, reuse factor of CSI-RS per subframe reduces to 1 for {24, 28, 32}-Tx CSI-RS. Considering the discussion above, it is important to consider reducing CSI-RS overhead and/or increasing CSI-RS capacity per subframe.
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Figure 1: RE mapping of conventional CSI-RS design
Followings show some considerations for Rel. 14 CSI-RS design. 
Overhead reduction
Fig. 2 show examples of TDM and FDM based CSI-RS multiplexing schemes. In Rel. 13 LTE, CSI-RS resource is configured by aggregating multiple legacy CSI-RS resources. There is a restriction that legacy resources are multiplexed in a single subframe. Considering the number of supported APs in Rel. 14, it can be beneficial to consider TDM and FDM based multiplexing scheme using multiple PRB pairs.
Figs. 2(a) and 2(b) show two different implementations of enhanced CSI-RS transmission with TDM. There are two different CSI-RS sets in the figures that can be different in terms of APs, e.g., APs 15-30 and 31-46, polarization, e.g., polarization with +45 and -45 degs, etc. In order to avoid the influence of frequency offset, the interval between set 1 and 2 should be small such as in Fig. 2(b), however, the overhead is not effectively reduced by this means. From the performance point of view, the effect of frequency offset should be carefully studied for these TDM based schemes. From the overhead reduction point of view, it shall be further clarified the actual benefit of TDM based schemes.
Figs. 2(c) and 2(d) show similar multiplexing scheme with FDM and TDM+FDM, respectively. These schemes don not suffer from frequency offset as in TDM based schemes, but should be carefully considered in terms of backward compatibility, since both of CSI-RS sets don’t follow legacy CSI-RS resource mapping.
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(a) TDM (example 1)                                                                     (b) TDM (example 2)
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     (c) FDM                                                                                 (d) TDM+FDM
Figure 2: Multiplexing of CSI-RS with TDM and FDM
[bookmark: _GoBack]Proposal 1: FDM is considered for overhead reduction.
In all the candidates for new CSI-RS design, one is partial transmission of CSI-RS. In order to obtain CSI, which is just enough for precoding, CSI-RS doesn’t need to be transmitted from all the APs. For example, AoD and EoD for different polarizations may exhibit similar characteristics. In this case, some antenna ports for one of the polarizations can be omitted. As another example, legacy precoding technology is designed to utilize channel information in horizontal and vertical domains together with co-phasing. It can be also considered that CSI-RS is transmitted in order to obtain horizontal and vertical channel information and co-phasing. 
Proposal 2: FFS partial port transmission for density reduction.
CSI-RS resource aggregation 
Resource aggregation need to take two parameters into consideration: Nk and Mk. Nk means the number of REs in the kth configuration. Mk means the number of CSI-RS ports in a CSI-RS configuration. One option is that the same Nk=N and Mk=M are used for all k resources. e.g., Nk=8, Mk=8, K=4, which consists of 32 ports by aggregating 4 legacy 8-port CSI-RS resources. Until Rel. 13, we assume CSI-RS density of 1 RE/RB/port, in that sense Nk= Mk. To support FDM based low density CSI-RS, it shall be allowed to have Q*Nk=Mk, where Q is a frequency reuse factor, which leads to CSI-RS density of 1/Q RE/RB/port.
Another option is that for the same Nk=N for all k, the value of Mk can be set different, e.g., Nk=Nj=N, Mk=M for CSI-RS configuration k and Mj=J for CSI-RS configuration j. In this way, for {20, 24, 28, 32} ports, the RE number per resource can be unified, so that the Rel. 14 CSI-RS RE locations can be easily configured by aggregating the legacy CSI-RS configurations. However, by adjusting the port number per each resource, we allow different RE densities. Taking 24 ports as example, CSI-RS with APs {15,16,17,18,27,28,29,30} can be density of 1 RE/RB/port, other APs can be multiplexed with density of 0.5 RE/RB/port. In Fig. 3(b), this option is illustrated.  For comparison, Fig. 3(a) shows the 1 RE/RB/port case. Keeping some of the ports with legacy density may support CSI-RS resource sharing with legacy UE. RRC signalling informs the port number and the CSI-RS resource configurations to the UE. Then the density can be decided based on the port number and the total CSI-RS RE number. In this way, the new CSI-RS design can take care of legacy UE and made overhead reduction. 
[image: ]
(a) 16 ports Nk=Nj=8, Mk=Mj=8    (b) 24 ports, Nk=Nj=8, Mk=6, Mj =16
Figure 3: CSI-RS resource aggregation.
Proposal 3: For the Nk and Mk combination, support Q*Nk=Mk, where Q is a frequency reuse factor, which leads to CSI-RS density of 1/Q RE/RB/port.
Proposal 4: Support same Nk for all K resources. Support different Mk for different resources.
During the resource aggregation discussion, we should take port numbering into consideration. Fig. 4 shows the different cases for port numbering. As showed in the figures, when all the 32 APs transmit CSI-RS, the port can be numbered by polarization and polarization. When part of the ports are used to transmit CSI-RS, the port numbering is different. In both cases, backward compatibility issues may be further considered.
[image: ]                                          [image: ]
(a) port numbering (example 1)                           (b) port numbering (example 2)
Figure 4: Port numbering example
However, since it is not clear which antenna port layouts will be supported in Rel. 14 for {20, 24, 28, 32} ports. The necessity of supporting backward compatibility shall be further discussed. It shall be further discussed what kind of backward compatibility can be considered, in terms of port number, antenna array layout, CSI-RS coverage, CSI-RS multiplexing issues.
[bookmark: OLE_LINK1]Proposal 5: Port numbering should be carefully determined considering backward compatibility and codebook design.
Summary
In this contribution, we discuss the considerations for CSI-RS design to support {20, 24, 28, 32} ports. The proposals are:
Proposal 1: FDM is considered for overhead reduction. 
Proposal 2: FFS partial port transmission for density reduction.
Proposal 3: For the Nk and Mk combination, support Q*Nk=Mk, where Q is a frequency reuse factor, which leads to CSI-RS density of 1/Q RE/RB/port.
Proposal 4: Support same Nk for all K resources. Support different Mk for different resources.
Proposal 5: Port numbering should be carefully determined considering backward compatibility and codebook design.
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