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1
Introduction
In RAN1 #84bis, the followings have been agreed on non-precoded CSI-RS design for larger number of antenna ports [1]:
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

In this contribution, we discuss on the CSI-RS design for larger number of antenna ports.
2
Discussion
In the previous RAN1 meeting, the potential candidates for CSI-RS overhead reduction schemes were discussed and the potential candidates include TDM multiplexing of CSI-RS ports in which a subset of CSI-RS ports may be transmitted in a subframe and another subset of CSI-RS ports may be transmitted in another subframe.
The TDM multiplexing CSI-RS ports was also discussed in Rel-10 timeframe in order to reduce the CSI-RS overhead due to increased number of antenna ports. However, it was narrowed down from the options due to the performance degradation, especially for the channel covariance matrix estimation. Since the channel changes over time even with a low Doppler frequency, correlation properties across antenna ports cannot be estimated properly if the channel of each antenna port is estimated in different time location. Furthermore, if a subset of antenna ports are only transmitted in a subframe, full eNB transmission power may not be utilized for the non-precoded CSI-RS transmission which may result in additional performance degradation.
Proposal-1: TDM of CSI-RS ports is precluded from the CSI-RS overhead reduction candidates
A reference signal for a CSI-RS port has been transmitted with uniform frequency spacing in a wideband manner which allows a UE to implement a DFT based channel estimation. There are some CSI-RS overhead reduction candidates which preclude a DFT based channel estimation schemes such as the candidates which only use a partial bandwidth or restricts measurement in a subset of frequency domain.
In order not to restrict UE implementation for channel estimator, it is preferred to keep the same property of uniform frequency spacing with a wideband transmission for each CSI-RS port for higher number of CSI-RS ports.
Proposal-2: A reference signal for a CSI-RS port should be uniform frequency spacing and wideband
Among the CSI-RS overhead reduction candidates, the frequency domain multiplexing of multiple sets of CSI-RS ports seems to be reasonable as it keeps the property of uniform frequency spacing and wideband transmission as well as all antenna ports are transmitted in the same subframe which provide accurate estimation of wideband channel covariance matrix. In addition, full eNB transmission power can be also utilized as far as OCC is used properly. 
In FDM of CSI-RS ports, a subset of CSI-RS ports may be transmitted in even-numbered PRBs and another subset of CSI-RS ports may be transmitted in odd-numbered PRBs, therefore the density of CSI-RS port becomes 0.5 RE/PRB/port. Due to lower frequency density of the CSI-RS, there could be a performance degradation but the impact could be marginal as antenna correlation property estimation can be still relatively accurate.
Based on the observation, the FDM of CSI-RS ports in a different PRB set seems to be a promising candidate for the CSI-RS overhead reduction scheme.
Proposal-3: FDM of CSI-RS ports in a different PRB set should be considered for CSI-RS overhead reduction
3
Summary
In this contribution, we discussed on the overhead reduction of non-precoded CSI-RS for {20, 24, 28, 32} ports. From the discussions, we propose the followings:

Proposal-1: TDM of CSI-RS ports is precluded from the CSI-RS overhead reduction candidates 
Proposal-2: A reference signal for a CSI-RS port should be uniform frequency spacing and wideband
Proposal-3: FDM of CSI-RS ports in a different PRB set should be considered for CSI-RS overhead reduction
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