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1. Introduction
In RAN#71, the work item on further full-dimension MIMO (FD-MIMO) enhancement has been approved [1]. In RAN1#85, schemes for more efficient resource utilization for CSI-RS overhead reduction for Class B eMIMO type were discussed. The following candidate schemes for CSI-RS overhead reduction were short listed:
· Scheme 1: Configurable CSI-RS frequency-domain density 

· Scheme 2: Localized CSI-RS in frequency domain

· Scheme 3: Configurable RPF pattern 

· Scheme 4: Frequency domain MR 

In this meeting the companies are encouraged to study the following issues:
· Backward compatibility 

· UE implementation restriction (for, e.g. channel estimation)

· Impact on eNB scheduling

· Impact on CSI reporting

· PDSCH rate matching   
This contribution provides our views on these alternatives considering the issues mentioned above. 
2. Discussion
There are two alternatives in scheme 1: configurable CSI-RS frequency domain density. Alt 1 is the reduced-density CSI-RS with common frequency shift for all CSI-RS ports. All the CSI-RS ports are mapped in the same set of RBs and is transmitted only in every L RBs, where L>1. Alt 2 is the reduced-density CSI-RS with different frequency shifts depending on CSI-RS port, where different CSI-RS ports are mapped in different RBs. For example, considering the 8 ports beamformed CSI-RS, the first 4 ports and the other 4 ports could be mapped in the odd and even RBs respectively. 
In scheme 2, all CSI-RS ports are mapped in the localized RBs set in frequency domain. The RBs configuration is FFS. 
In scheme 3, CSI-RS will be mapped with RPF pattern, which means CSI-RS will be either mapped on alternative sub-carriers or alternative PRBs, then scheme 3 is equivalent to scheme 1.
 In scheme 4, a UE can be signaled to measure channel on a subset of PRBs. The configuration of PRBs is done via frequency domain channel measurement restriction.
Backward compatibility
From the perspective of backward compatibility, alt 1 of scheme 1 requires defining new ZP CSI-RS configurations which are aligned with the new reduced-density CSI-RS patterns. For alt 2 of scheme 1, flexible frequency shift assignment per CSI-RS antenna port could make the reduced-density CSI-RS pattern perfectly aligned with the legacy Rel-10 ZP CSI-RS configurations. 
For scheme 2~4, new ZP CSI-RS configurations are required which are aligned with the localized CSI-RS pattern, the RPF pattern or the frequency domain MR-on based CSI-RS pattern respectively.
UE implementation restriction (for, e.g. channel estimation)
From the perspective of of UE implementation restriction, firstly a UE needs to receive the eNB indication of CSI-RS resource configuration, and then detects the CSI-RS mapped in these resources, and get CSI  for uplink feedback. So the UE channel estimation algorithm needs to be redesigned.
Except for scheme 2, other three schemes can obtain the whole channel information by interpolation in frequency domain.  But the channel estimation accuracy is dependent on the CSI-RS resource density in frequency domain configured by eNB. For wideband CSI computation, existing process may be reused with schemes 1, 3 and 4. But for sub-band CSI acquisition, to obtain CSI on the PRB subsets where there is no CSI-RS mapped,  e.g. in scheme 4, UE needs get the channel information of these PRBs according to the channel estimation of the adjacent PRBs where CSI-RS is transmitted. This requires new UE implementation. 
For scheme 2, one benefit is that the UE computation for channel estimation is reduced. So the UE is not required to compute the wideband CSI because the whole frequency domain channel estimation cannot be obtained. The UE just can get and feedback the sub-band CSI with the localized CSI-RS transmission. 
Impact on eNB scheduling 

For scheme 1 and 3, the eNB needs to indicate the RB-level transmission instance and the pre-configured resources for CSI-RS ports by DCI or high-layer signaling. But the eNB scheduling process is not affected.
Scheme 2 will indicate the RBs resources for CSI-RS transmission. The eNB will schedule the UEs on one or more PRB resources where the CSI-RS is transmitted for channel estimation that means there is restriction on eNB scheduling. 
The scheme 4 can increase CSI-RS configuration flexibility, reduce eNB transmission power for CSI-RS, and reduce CSI-RS to PDSCH interference by indicating the subset for CSI-RS transmission. In order to get better system performance, eNB is restricted to schedule PDSCH on the PRB subset where the CSI-RSs are mapped.
For these schemes the eNB can schedule other RBs or subset resource without CSI-RS configuration for data transmission due to frequency selectivity, which will affect the system performance because the channel the channel quality of these reconfigurated resources cannot be assured. So the eNB scheduling process will be affected.

Impact on CSI reporting 

All 4 schemes discussed above will impact the accuracy of PMI and CQI due to the CSI resource overhead reduction. 
Scheme 1 and 3 will impact the CSI accuracy due to the reduced CSI-RS overhead. In principle both alternatives should provide similar performance from the channel estimation perspective on the beamformed CSI-RS REs. But the actual channel estimation performance depends on the channel variations in time and frequency domain. 
For scheme 2, the reported CSI is obtained from the configured RBs, and the CSI for the RBs without CSI-RS port configuration cannot be obtained, which means only the CSI accuracy of these RBs is assured. Channel estimation accuracy on these RB resources may be deteriorated due to frequency selectivity of the channel.

For scheme 4, a UE should estimate CSI based on the partial PRBs which will impact on the CSI accuracy of other PRB subset without CSI-RS. Channel estimation accuracy of the subset with CSI-RS may be deteriorated due to frequency selectivity.
PDSCH rate matching 

For these 4 schemes, the CSI-RS resource mapping is different from Rel-13 due to the overhead reduction in frequency domain. So new PDSCH rate matching should be considered. Except for alt 2 of scheme 1, all other schemes mentioned above require defining new ZP configuration for PDSCH rate matching. 
According to the discussion above, from the point of view of backward compatibility, accurate CSI report in frequency domain, eNB scheduling flexibility and PDSCH rate matching, scheme 1 is more applicable to a variety of channel environment.
From the above analysis,  a general signaling design for class B eMIMO-type CSI-RS overhead reduction in frequency domain may be needed, e.g. activation/deactivation, CSI-RS port configuration, frequency resource configuration for CSI-RS in RB-level, frequency shift, etc.
3. Conclusions
In this contribution, we provided our views on the candidate schemes for reducing the overhead for beamformed CSI-RS. CSI-RS density reduction in frequency domain is preferred in Rel-14. In addition, the general signaling design may be considered.
Proposal: From the point of view of backward compatibility, accurate CSI report in frequency domain, eNB scheduling flexibility and PDSCH rate matching, scheme 1 is more applicable to a variety of channel environment.
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