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1 Introduction  
In the EB/FD-MIMO study item, non-precoded CSI-RS, beamformed CSI-RS and hybrid CSI-RS based schemes have been discussed and captured in TR [1].  For the beamformed CSI-RS and hybrid CSI-RS based schemes, the potential enhancements include the precoding methods on CSI-RS and the CSI reporting schemes. In RAN#68 meeting, all of the non-precoded CSI-RS, beamformed CSI-RS and hybrid CSI-RS have been agreed into the scope of FD-MIMO WI [2], where the hybrid CSI-RS has been merged in the beamformed CSI-RS.

For beamformed CSI-RS including hybrid CSI-RS, an additional precoding vector on CSI-RS is used for each user or a group of users in a cell. So, the CSI-RS design for the beamformed and hybrid schemes need to be clarified. In this contribution, we focus on the discussion of CSI-RS design for beamformed CSI-RS and hybrid CSI-RS based schemes.    
2 Discussion on CSI-RS Design for Beamformed CSI-RS 
2D antenna array with larger number of TxRUs is introduced for FD-MIMO. In contrast to the conventional antenna system, 2D antenna array allows more flexibility in vertical domain in addition to the horizontal domain freedom.  In order to fully utilize the benefit of FD-MIMO, the CSI measurement procedure is crucial and need to be carefully investigated. 
In the SI stage of EB/FD-MIMO, the CSI measurement schemes including: non-precoded CSI-RS based, beamformed CSI-RS based and hybrid beamformed CSI-RS based schemes, where the Hybrid CSI-RS based schemes were merged into beamformed CSI-RS schemes in the WID [2]. Compared to the non-precoded CSI-RS, there is an additional precoding vector weighted on the CSI-RS in the beamformed CSI-RS with the definition as follows
· This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions. 
2.1 Discussion on CSI-RS Design for Beamformed CSI-RS 
There are two categories of beamformed CSI-RS: 

· Cell-specific beamformed CSI-RS: there are several virtual cells with the same cell ID in the vertical domain [4]; 

· UE-specific beamformed CSI-RS: the precoding on CSI-RS is used for each UE [5].

For the cell-specific beamformed CSI-RS, the vertical domain is divided into several virtual cells. In each vertical virtual cell, there is a group of horizontal CSI-RS ports for CSI measurement. Due to the vertical domain splitting, each UE selects one of the virtual cells in vertical domain with DRS, reciprocity or direction estimation. If the vertical virtual cell is determined by the UE, the rest part of CSI measurement and feedback focus on horizontal domain, which can be the same as the legacy CSI measurement procedure. So, in each vertical virtual cell the CSI-RS design can be the same as legacy CSI-RS design, such as 8 CSI-RS ports in Rel.10. 

As discussed in [5], four virtual cells seem sufficient in the vertical domain, so the totally CSI-RS resource required for CSI measurement is 32 ports. In the legacy CSI-RS design, e.g., Rel-10, it is known that 40 REs/PRB pair can be used for CSI-RS with each port corresponding to 1 RE. With considering CSI-RS resource multiplexing in time domain, at least 5 times CSI-RS resource can be configured since the minimum periodicity of CSI-RS configuration is 5 ms. Thus, the legacy CSI-RS resources are sufficient and can be reused in the cell-specific beamformed CSI-RS. 
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Figure 1. Hybrid beamformed CSI-RS and non-precoded CSI-RS
For UE specific beamformed CSI-RS, the precoding vector on CSI-RS is designed for each UE. So, the generation of the precoding vector on CSI-RS requires more accurate CSI, which may be obtained by TDD reciprocity or based on UE’s feedback. Since no more than 8 antennas can be configured by each UE, the number of CSI-RS ports is no more than 8. Generally, 2 or 4 antenna ports are sufficient in this stage. Thus, the legacy CSI-RS resource is sufficient to be reused for each UE in the UE-specific CSI-RS.  
Due to the CSI-RS resource for each UE should be different for UE-specific beamformed CSI-RS, larger CSI-RS overhead is required with increased number of UEs. For example, for the case of 10 users in a cell, the number of CSI-RS ports is 40 (Res/PRB) if each user requires 4 CSI-RS ports. To solve the problem of significant CSI-RS overhead caused by the UE specific CSI-RS, one method is CSI-RS resource multiplexing in time domain. Another method is the CSI-RS resource multiplexing in spatial domain. It is because that the probability of orthogonal precoding vectors on CSI-RS for different UEs will increase with a number of UEs being geometrically distributed. Thus, the legacy CSI-RS resource still can be reused in UE-specific beamformed CSI-RS.
Observation1:
The legacy CSI-RS resource can be reused in beamformed CSI-RS.

2.2 Discussion on CSI-RS Design for Hybrid CSI-RS 
Hybrid CSI-RS is a joint design of non-precoded CSI-RS and beamformed CSI-RS. In the EB/FD-MIMO SI, there are two categories of hybrid CSI-RS design:

· Alt.1: Hierarchical CSI-RS measurement and feedback: 1st stage is for partial non-precoded CSI-RS and 2nd stage is for beamformed CSI-RS [7]; 

· Alt.2: Long term non-precoded CSI-RS feedback (e.g., for RI-RS) and short term feedback for beamformed CSI-RS [5]

 REF _Ref426473345 \r \h 
[8].

For the both schemes, the procedure of CSI measurement and feedback is divided into two parts, i.e., non-precoded and beamformed CSI-RS. 

For the non-precoded CSI-RS part:

In the Alt.1, it is clear that only partial non-precoded CSI-RS is required at the first stage. As shown in Figure 2, 8 CSI-RS ports resource is used for the first stage CSI measurement and feedback in a 64-ports system. So, the legacy CSI-RS in previous release can be directly used in the first stage of Alt.1.
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Figure 2. Hybrid beamformed CSI-RS and non-precoded CSI-RS
In Alt.2, there are still two schemes In [8], the proposed hybrid CSI-RS scheme is based on the RI-RS measurement at the 1st stage, which only requires 2 ports CSI-RS resource transmitted from two remote antennas when there are only 2 antenna ports at each receiver. Thus, in this scheme, the legacy 2-port CSI-RS can be directly reused. 

Another scheme for Alt.2 is discussed in [5]. In the scheme, it requires full non-precoded CSI-RS ports at the first stage CSI measurement with a long duty cycle. Since the non-precoded CSI-RS design has been discussed in the non-precoded CSI-RS topic, there is no requirement for new CSI-RS design here. Furthermore, the maximum number of non-precoded CSI-RS ports for Alt.2 is limited as 16 or 12 in Rel-13. 

For the beamformed CSI-RS part:

For the second stage of CSI-RS measurement and feedback, it is based on beamformed CSI-RS. Based on the analysis in Section-2.1, the legacy CSI-RS resource can be reused in beamformed CSI-RS design for the second part, i.e., beamformed CSI-RS.
Observation2: For Alt.1, the legacy CSI-RS resource can be reused.

Observation3: For Alt.2, the design of non-precoded CSI-RS for 16 and 12 ports can be used for the first non-precoded CSI-RS part, and legacy CSI-RS resource can be used for the beamformed CSI-RS part.
Based the above three observations, we have the following proposal:
Proposal 1: For the beamformed CSI-RS and hybrid CSI-RS, there is no requirement for new specific CSI-RS design.  
3 Discussion on CSI Process for Beamformed CSI-RS
For the beamformed CSI-RS based schemes, to increase the CSI accuracy and robustness, multiple beams will be transmitted to each user. Then user selects one or more from the multiple beams. It can be realized by multiple legacy CSI-processes in transmission mode 10 (TM10), or it can be accomplished with one CSI-process and multiple CSI-RS resources. As well as the beamformed CSI-RS based schemes, the hybrid CSI-RS scheme can be based on multiple legacy CSI-processes,  or one CSI-process and multiple CSI resources.

One of the schemes is to use the legacy CSI processes definition and CSI reporting procedure, where multiple CSI-processes are required to configured and reported for the beam selection. Then, eNB determines which CSI-process related beam is selected. 

Another scheme is to define a CSI-process indicator reporting, where UE selects the best CSI-process and only feeds back the indicator of the best CSI-process and the related CSI. Compared to the first scheme, the feedback overhead is reduced in the second one. 

The third scheme is to define a CSI-process with multiple CSI-RS resources. UE measures multiple CSI-RS resources in a CSI-process and selects the best one. Then, UE only reports the indicator of the selected CSI-RS resource and the related CSI. In this scheme, only one CSI-process and the best CSI-RS resource related CSI is required to be reported.

From the three schemes, multiple CSI-processes are required to be configured to each UE in the first two schemes. However, the number of CSI-processes is restricted, which is no more than 4. In the third scheme, only one CSI-process is needed. So, the third one, i.e., a CSI-process with multiple CSI-RS resources, seems better. 
Proposal 2: A CSI-process can be extended with multiple CSI-RS resources to support beamformed CSI-RS and hybrid CSI-RS based schemes. 
4 Conclusions
In the contribution, we discuss the CSI-RS design for beamformed CSI-RS based schemes and hybrid CSI-RS based schemes. From the discussion, we have the following observations and proposals:
Observations:

1. The legacy CSI-RS resource can be reused in beamformed CSI-RS.
2. For Alt.1, the legacy CSI-RS resource can be reused.

3. For Alt.2, the design of non-precoded CSI-RS for 16 and 12 ports can be used for the first non-precoded CSI-RS part, and legacy CSI-RS resource can be used for the beamformed CSI-RS part.

Proposals:

1. For the beamformed CSI-RS and hybrid CSI-RS, there is no requirement for new specific CSI-RS design.  

2.  A CSI-process can be enhanced with multiple CSI-RS resources to support beamformed CSI-RS and hybrid CSI-RS based schemes.
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