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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]It is well known that the beamformed CSI-RS-based schemes are good enhancement schemes, especially for large number of TxRUs because UE can get the full channel information and compute an accurate CQI. Currently, many beamformed CSI-RS-based schemes were proposed, and the agreements formed in the RAN1#82 meeting also include many alternatives. Although there are many agreements on BF CSI-RS such as for CSI reporting, CSI process configuration, CSI-Process reporting and CSI measurement restriction, we think there is no much progress since all possible schemes are merged in the agreements. 
In this contribution, we propose to prioritize the determination of BF CSI-RS schemes to make discussion clearer. Also, we suggest CSI-RS resource hopping for interference randomization.  
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Based on discussion in RAN1#82 meeting, we list the possible CSI-RS transmission schemes as below 
· Vertical beamformed CSI-RS 
Multiple CSI-RS resources are transmitted on different vertical beams. 
It’s more suitable for so called cell specific BF CSI-RS.
The number of CSI-RS ports is equal to ones in horizontal domain, the legacy 2/4/8 antenna codebook can be fully reused. High rank component is derived only from horizontal domain.
Beam index with legacy CSI feedback can work efficiently.
· 3D beamformed CSI-RS
Only 2 port CSI-RS per beam is needed for two polarizations.
How to support high rank transmission should be further studied.
New feedback scheme and codebook may be designed.
· So called UE specific BF CSI-RS
eNB configure a single CSI-RS resource that is precoded specifically to each UE based on SRS measurement or UE feedback, and eNB may dynamically change the beamforming weights applied on the NZP CSI-RS resource configured to the UE.
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Measurement restriction may be needed.
It’s suitable for scenarios with less active UEs.
· So called cell specific BF CSI-RS 
eNB configure multiple CSI-RS resources, each resource is precoded with different beam directions, these beam directions could be assumed to be static or semi static changed, and the CSI-RS overhead has to be increased with the number of beams. 
Measurement restriction seems not necessary.
It’s more suitable for scenarios with many active UEs. 
· Aperiodic CSI-RS
Different aperiodic beamformed CSI-RS can be triggered for different UEs, and the UE group CSI-RS resource can be exploited as a CSI-RS resource pool.
Measurement restriction is needed; maybe one shot CSI measurement is more suitable for this snap CSI-RS transmission.
· Scheme based on hybrid BF CSI-RS and NP CSI-RS 
Long term NP CSI-RS feedback and short term feedback for BF CSI-RS
Since different schemes may need different CSI process configurations, different CSI measurement restriction, different CSI feedback schemes, or different codebook design. E.g. if hybrid BF and NP CSI-RS based scheme is introduced by standard non-transparent, one CSI process may need to be associated NP CSI-RS resource and BF CSI-RS resource. Or else, NP CSI-RS resource coexisting with BF CSI-RS resource in one CSI process is unnecessary. Therefore, before discussion on CSI process configurations, whether hybrid BF and NP CSI-RS based scheme needs standard support or not should be determined. 
Another example is for CSI measurement restriction. As described in above schemes, for the so called UE specific BF CSI-RS and aperiodic CSI-RS, the CSI measurement restriction may be needed. But for so called cell specific BF CSI-RS, the CSI MR is unnecessary. In order to avoid unnecessary discussion, and to clarify corresponding CSI MR, whether UE specific, cell specific, aperiodic BF CSI-RS need to be introduced or not, and the details of the specific schemes should be determined firstly.    
In addition, new codebook and feedback design also depend on specific BF CSI-RS, e.g. 3D or vertical BF CSI-RS. For vertical BF CSI-RS, BI feedback is more suitable for simplicity, and there is no necessary to redesign codebook. However, for 3D BF CSI-RS, new codebook may be need, and a codebook reflecting beam selections is more suitable, especially for supporting high rank transmission. 
Therefore, in order to avoid unnecessary discussion, and to make clearer for codebook design, feedback schemes, and CSI MR, we propose to clarify the specific BF CSI-RS firstly.
Proposal 1: Down select and specify the details on the above BF CSI-RS schemes before discussion on CSI process configuration, CSI feedback and CSI measurement restriction.
In the current standard, CSI-RS locations are not changing in both frequency domain and time domain. Once CSI-RSs of two adjacent cells collide, the collision always exists until next reconfiguration, and this may lead to serious interference across CSI-RSs. So eNB needs to configure non-overlapping CSI-RS resources for adjacent cells, and use CSI-RS muting to avoid serious interference.
However, for BF CSI-RS in FD-MIMO, more CSI-RS resources are needed and it’s difficult to configure completely non-overlapping CSI-RS resources for all adjacent cells. In addition, the BF gain may incur more serious interference once the CSI-RS collision exists. 
Since there has been an agreement that a CSI process is associated with K CSI-RS resources, i.e. multiple beams can be configured to a UE in one CSI process. Therefore, beam hopping within configured CSI-RS resources can be considered in order to achieve interference randomization across CSI-RSs of different cells. 
As described in the Figure 1 for 3D BF CSI-RS, 4 beams are configured to one UE. In one CSI-RS transmission, beam 0/1/2/3 are located in the REs as shown in the left figure, but in another CSI-RS transmission, the REs location of beam 0/1/2/3 are changed.
[image: C:\Users\2171490101502\Desktop\图片2.png]
Figure 1 Beam hopping for 3D BF CSI-RS
Another example is for vertical BF CSI-RS which is more suitable for cell specific CSI-RS. As described in Figure 2, after vertical virtualization, there are 8 CSI-RS ports in one CSI-RS resource corresponding to one vertical beam. Since in the cell specific scenarios, multiple beams are always configured semi-statically. Therefore, beam hopping within configured resources can be implemented to achieve interference randomization, especially when the number of beams is large. 
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Figure 2 Beam hopping for vertical BF CSI-RS
Proposal 2: Beam hopping within configured CSI-RS resources should be considered.
3 Conclusion
In this contribution, we provide our views for BF CSI-RS-based schemes as
Proposal 1: Down select and specify the details on the above BF CSI-RS schemes before discussion on CSI process configuration, CSI feedback and CSI measurement restriction. 
Proposal 2: Beam hopping within configured CSI-RS resources should be considered.
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