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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#86bis meeting, overhead reduction for CSI-RS was discussed, and agreements are as follows:
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
Agreements:
· For Class B NZP CSI-RS: 
· Support CSI-RS density of d ∈ {1,1/2} RE/RB/port
· Additional values of d=1/3 and/or 1/8 are not precluded for Class B if significant benefit can be shown at RAN1#87.
· Transmission and/or measurement comb offsets are 0..1/d-1
· For d=1/2 (i.e. for Class A & Class B), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset
· For d=1/3 (i.e. at least for Class A), comb offsets ∈ {0, 1, 2} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 3 = comb offset
· Working Assumption: For Class A NZP CSI-RS with more than 16 CSI-RS port, in a given CSI-RS resource all CSI-RS configurations have the same values of d 
· Will be confirmed automatically at RAN1#87 unless there is consensus to support different values of d per CSI-RS configuration
· For Class A NZP CSI-RS with more than 16 CSI-RS ports each CSI-RS configuration can have different values of comb offset
· FFS the detailed signalling design
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]In this contribution, we provide some further considerations on CSI-RS overhead reduction.
2 Discussion
2.1 Further consideration on overhead reduction with FDM scheme
As agreed in last meeting, {20, 24, 28, 32} CSI-RS ports should be aggregated with 4 or 8 ports CSI-RS within the same subframe. Based on the FDM scheme, for example the new CSI-RS pattern can be configured as, in even PRB pairs, N1 ports are configured, and in odd PRB pairs, N2 ports are configured, and N1+N2 are aggregated to {20, 24, 28, 32} ports.
For legacy UE, the new CSI-RS REs can be configured as ZP CSI-RS. While in the releases before Rel-14, ZP CSI-RS is configured with the same pattern across the whole system bandwidth. All the CSI-RS REs configured in even and odd PRB pairs across the whole system bandwidth should be rate matched, e.g. in the worst case, configuration pattern of N1 and N2 are non-overlapping, total N1+N2 ports REs should be rate matched for legacy UE, leading to more resource waste, example for 24-port can be found in Figure 1. 


Figure 1 Example of 24 CSI-RS ports extension with non-overlapping REs
So it’s better to configure the resource configurations in different PRB pairs overlapped to have less impact on legacy configurations, i.e. resource configurations for different PRB pairs should be selected from a subset, where the subset is the resource configurations within a PRB pair which contains most CSI-RS ports to aggregate total {20, 24, 28, 32} ports CSI-RS, example is shown in Figure 2.


Figure 2 Example of 24 CSI-RS ports extension with overlapped REs
In addition, with the down-selected overlapped CSI-RS configurations, the signaling overhead is reduced. So based on the discussion, we propose that:
Proposal 1: The resource configurations in different PRB pairs should be overlapped.
2.2 CSI-RS resource swapping for power balance
As discussion in contribution [1], the power imbalance issue is mainly caused by the different number of REs for CSI-RS on different symbols. So further considering the issue of power imbalance, CSI-RS resource swapping in frequency domain is a good method to solve this issue. Figure 3 is an example of CSI-RS resource swapping in frequency domain for 24 ports.


Figure 3 CSI-RS resource swapping in frequency domain for 24 ports
From Figure 3, we can see that, with resource swapping in frequency domain, the number of REs occupied by CSI-RS in different symbols is same, naturally, the power on different CSI-RS ports are balanced, so we propose that:
Proposal 2: CSI-RS resource swapping in frequency domain should be considered for imbalance issue of power boosting.
2.3 Lower density of ZP-CSI-RS
As FDM based scheme with comb-like transmission for CSI-RS overhead was agreed, the number of resource elements occupied by NZP-CSI-RS in different PRB pairs is different, especially for 20 ports, 24 ports and 28 ports. And also it was agreed to allow PDSCH transmission in the REs in PRBs with no CSI-RS ports. So for CSI-RS overhead reduction, some ZP CSI-RS configurations are no longer with whole bandwidth as legacy one.
Furthermore, considering CSI-RS overhead reduction in frequency domain for class B FD-MIMO, the lower density of ZP CSI-RS should also be introduced because lower density beamformed NZP-CSI-RS is UE specific and efficient PDSCH rate matching should be done.
So we propose that:
Proposal 3: Lower density of ZP-CSI-RS should be introduced.
3 Conclusion
In this contribution, we provided further considerations on CSI-RS overhead reduction, and we propose that:
Proposal 1: The resource configurations in different PRB pairs should be overlapped.
Proposal 2: CSI-RS resource swapping in frequency domain should be considered for imbalance issue of power boosting.
Proposal 3: Lower density of ZP-CSI-RS should be introduced.
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