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Introduction
At the RAN1 #86bis meeting, there were discussions on CSI-RS port extension, especially on CSI-RS overhead reduction and resource aggregation details [1]. Agreements are captured as follows.
Agreement:
· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where Mk is the same for all k 
· At least for CDM-4
Agreement:
Working Assumption is confirmed that CDM8 is supported for {24,32} port CSI-RS
Agreement:
· For Class A eFD-MIMO, a CSI-RS density value of 1/3 is supported in addition to already agreed values of 1 and ½ 
· No other values of CSI-RS density are supported in this Release. 
Agreement: 
· For Class A, CSI-RS overhead reduction is supported by Comb-like transmission, allowing PDSCH transmission in the REs in PRBs with no CSI-RS ports
· UE measures channel in REs in PRBs with CSI-RS ports and expects PDSCH in PRBs with no CSI-RS ports

In this contribution, we further discuss the CSI-RS overhead reduction and port sharing issues.
CSI-RS overhead reduction and resource aggregation
CSI-RS overhead reduction
As discussed in [2], FDM based CSI-RS overhead reduction is more effective than TDM based way. What should be further clarified is the density settings of CSI-RS. For FDM, one solution is to transmit all ports in Q PRBs in frequency domain. We take 24 ports as an example. The solution is shown in Figure 1(a). Nk means the number of REs in the kth configuration. Mk means the number of CSI-RS ports in the kth configuration. There are 12 ports in both two PRBs. The density of example 1 is 0.5 RE/RB/port. By this means, overhead is reduced but it cannot share some of ports with legacy UEs.
Another solution is illustrated in example 2. There are 24 ports in total. They take up 16 REs in each PRB. CSI-RS with APs {15,16,17,18,27,28,29,30} can be with a density of 1 RE/RB/port, other APs can be multiplexed with density of 0.5 RE/RB/port. The average density for example 2 is 2/3 RE/RB/port. By keeping some of the ports with legacy density, example 2 supports CSI-RS resource sharing with legacy UEs. 
In example 2, 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 achieve overhead reduction. 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.
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(a) Example 1, 0.5 RE/RB/port      (b) Example 2, 2/3 RE/RB/port
Figure 1: Example of FDM based CSI-RS overhead reduction (24-Tx CSI-RS)
Concerning the detailed signaling design to configure the low density CSI-RS. There are two options, in option 1, all ports are within the same RB. Some RBs are without CSI-RS ports. In option 2, all RBs have CSI-RS ports, but different parts of the CSI-RS ports locate in different RBs. The most important motivations of CSI-RS density reduction are to reduce the CSI-RS overhead and to allow sufficient reuse factors to avoid CSI-RS interference. Both of the above two options can achieve these goals. Concerning the possible impact to channel estimation, since the Class A eMIMO type supports codebook based feedback whose performance is anyway subject to the quantization error of the codebook, and the feedback granularity is at least in the subband level, then option 1 and option 2 shall have similar performance. Using option 2, CSI-RS reuse is achieved by using different CSI-RS configurations, which is the same as the CSI-RS resource reuse scheme used in the legacy system. From that perspective, option 2, i.e., different parts of the CSI-RS ports locate in different RBs is preferred. 
Proposal 1: Support average density of d=2/3, 3/4 in addition to single resource density of d=1/2 and d=1.
 CSI-RS resource aggregation 
Resource aggregation need to take two parameters into consideration: Nk and Mk. 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. Another option is that for the same Mk=M for all k, the value of Nk can be set different, e.g., Mk=Mj=M, Nk=N for CSI-RS configuration k and Nj=J for CSI-RS configuration j. In this way, the Rel.14 CSI-RS RE locations can be easily configured by aggregating the legacy CSI-RS configurations. As discussed in last section, this solution will lead to two different densities, but supports ports sharing with legacy UEs.
Figure 2 depicts one example. Compared with 16 ports already supported in Rel.13, two group density CSI-RS resource configuration takes up the same REs but support more ports. Besides, two group density scheme support port sharing with legacy UEs. 
To enable port sharing among Rel. 14 and legacy UEs, one alternative scheme is that for Rel. 14 UEs, all ports have the same density d which is less than 1 RE/RB/port. For legacy UEs, all ports have the same density d which is 1 RE/RB/port. The CSI-RS ports for legacy UEs are partially overlapped with the Rel. 14 UEs. In that sense, CSI-RS configuration for Rel. 14 UE does not have to include mixed densities. However, we consider that CSI-RS configuration with mixed density automatially informs the Rel. 14 UEs the rate matching information. Note that the Rel. 14 UEs are not mandated to implement channel estimation based on antenna ports with different densities. However, such configuration may allow UE to exploit the high density CSI-RS REs to enhance the channel estimate for the low density part. Therefore, considering the port sharing between Rel. 14 UEs and legacy UEs, the benefit of automatic rate matching signalling, and possible implementation to improve the channel estimation, it is proposed to support configuration of CSI-RS ports with mixed density.
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(b) 16 ports, Nk =Nj=8, Mk=Mj=8    (b) 24 ports, Nk =8, Nj=4, Mk=Mj =8
Figure 2: CSI-RS resource aggregation.
Proposal 2: Support same Mk for all K resources. Support different Nk for different resources.
Summary
In this contribution, we discuss the CSI-RS overhead reduction and resource aggregation. The proposals are:
Proposal 1: Support average density of d=2/3, 3/4 in addition to single resource density of d=1/2 and d=1.
Proposal 2: Support same Mk for all K resources. Support different Nk for different resources.
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