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1 Introduction
In last meeting, the CSI-RS and CSI feedback schemes were discussed, where three categories for CSI-RS based schemes are agreed and captured in the TR as following
· Non-precoded CSI-RS based scheme

This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. 
· Beamformed CSI-RS based scheme

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
· Hybrid of non-precoded CSI-RS and beamformed CSI-RS based scheme

FFS how hybrid non-precoded/beamformed schemes will be defined according to the above definitions
For the 3 categories of CSI-RS based schemes, the details of related schemes are also captured in TR. In this contribution, we discuss the use cases for the three categories of CSI-RS based schemes and give our proposals for CSI-RS and CSI feedback in the TR.
2 The basic requirements for CSI-RS and CSI feedback
At first, we analyze the basic requirements for CSI feedback in EBF/FD-MIMO systems. It is known that accurate CSI corresponds to better system performance with finer beamforming granularity and better intra-cell interference mitigation. However, CSI accuracy enhancement may require large CSI-RS and feedback overhead, especially with a large number of antennas in the EBF/FD-MIMO systems. Thus, the potential enhancements of CSI feedback should be a good trade-off between performance and feedback overhead.

Proposal 1: The potential CSI feedback enhancement should be a good trade-off between performance and overhead.
Secondly, in the EBF/FD-MIMO SI, different numbers of TXRUs are included, i.e., 8, 16, 32, and 64. For the cases of 8 and 16 TXRUs, the CSI-RS and feedback overhead seems acceptable, e.g., the CSI-RS overhead for 8 and 16 ports is only 0.9% and 1.9%, respectively[1], and one of the codebook design for 16 antenna ports in [3] keeps the same feedback overhead of Rel-10 8Tx codebook. Thus, the requirement of CSI feedback enhancement for 8 and 16TXRUs is to improve the accuracy of CSI measurement and feedback, e.g., taking into account the elevation CSI in the feedback framework. 
For the cases of 32 and 64 TXRUs, if the legacy framework of CSI-RS and feedback design is reused, the overhead will be obviously increased compared to the cases of 8 and 16 TXRUs. Thus, besides the CSI accuracy improvement, one of the basic requirements for the cases of 32 and 64 TXRUs is CSI-RS and feedback overhead reduction.  

Observation 1: There are different requirements for the design of CSI-RS and CSI feedback for different number of TXRUs.
3 The use cases for different categories of CSI-RS based schemes

In this subsection, based on the analysis of requirements in section 2, we discuss the typical use cases for the three different categories of CSI-RS based schemes. 

For the non-precoded CSI-RS based schemes, each CSI-RS port has the similar definition of the legacy CSI-RS with the wide beam width and direction for cell wide coverage, where each CSI-RS port maps onto one TXRU without any virtualization. In the non-precoded CSI-RS based schemes, the full CSI-RS port measurement scheme is a natural extension from the legacy CSI-RS measurement mechanism, where all the TXRUs are covered and measured by CSI-RS ports. In Figure~1, two examples of non-precoded CSI-RS configuration are shown, where one is 4H2V with 8TXRUs, and another is 8H2V with 16TXRUs. It is one-to-one mapping between CSI-RS port and TXRU. With the full CSI-RS ports measurements, the full channel spatial information channel can be obtained.
However, with the increasing of the number of TXRUs, the overhead of CSI-RS and CSI feedback will increase. As discussed in section-2, for 8 and 16 TXRUs (ports), the corresponding CSI-RS overhead is 0.9% and 1.9%, respectively, however, for 32 and 64 TXRUs (ports), the overhead increase to 3.8% and 7.6%, respectively. The calculation complexity for UE and CSI feedback overhead also will increase correspondingly. 
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Figure 1. Examples of Non-precoded CSI-RS
Based on the analysis of performance and overhead (also with considering complexity), the non-precoded CSI-RS based schemes are suitable for the cases with no more than 16 TXRUs, which are the good trade-off between performance and overhead.

Observation 2: The cases with no more than 16 TXRUs are the suitable use cases for non-precoded CSI-RS based schemes.

For beamformed CSI-RS based schemes, each CSI-RS is virtualized by several TXRUs. So, each CSI-RS port corresponds to a narrow beam width and at least not cell wide coverage. Due to one CSI-RS port maps to several TXRUs, the overhead of CSI-RS can be significantly reduced. While the full channel spatial information cannot be obtained, there are some performance loss compared to full ports CSI-RS measurement. For a small number of TXRUs, e.g., 8 or 16 TXRUs, the overhead of CSI-RS and CSI feedback seems not a dominant bottleneck and the performance is the goal. However, with increasing of the number of TXRUs, such as 32 or 64 TXRUs, the overhead of CSI-RS and CSI feedback will impact on system performance. In that case, the overhead reduction should have a high priority for the system design. Thus, for 32 and 64 TXRUs, the beamformed CSI-RS based schemes can be used to reduce the overhead. As shown in Figure 2, in the example, each CSI-RS port is virtualized by a group of co-polarized TXRUs. With the virtualization, the 64 TXRUs is represented as 8 CSI-RS ports.
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Figure 2. An example of beamformed CSI-RS
Additionally, the beamformed CSI-RS requires a beamforming vector for each CSI-RS virtualization from a group of TXRUs. One of the important parts in the scheme is how to obtain the beamforming vector. For FDD systems, the beamforming vector is a little difficult to be obtained at transmitters, in generally, it can be obtained with coarse FDD system reciprocity, such as AOD, or UE’s reporting for beam selection, which corresponds to coarse channel information or additional CSI feedback. Alternatively, some predefined beamforming vectors are used by eNB to generate multiple beamformed CSI-RS resources. However, for TDD systems, more accurate beamforming vector can be obtained using reciprocity. Thus, it seems that the beamformed CSI-RS based schemes are a little more suitable for TDD systems.

Observation3: The cases with 32 or 64 TXRUs are the suitable use-cases for beamformed CSI-RS based schemes.

Observation 4: The beamformed CSI-RS based schemes are a little more suitable for TDD systems.

For the hybrid of non-precoded CSI-RS and beamformed CSI-RS based schemes, the CSI-RS measurement and CSI feedback is divided into two stages, i.e., non-precoded CSI-RS is used for the first stage and beamformed CSI-RS for seconded stage. The beamforming vector used in seconded stage for CSI-RS virtualization is based on the non-precoded CSI-RS measurement and feedback. The CSI measurement and feedback in the first stage is used to provide finer channel information for the second stage CSI measurement and feedback. With the help of the two stage and hybrid CSI measurement and feedback, the CSI-RS overhead can be significantly reduced, e.g., in [6], the 64 TXRUs can be measured with only 8 CSI-RS ports in stage-1 and 8 CSI-RS ports for stage-2. 

On the other hand, in the hybrid schemes, partial channel information has been measured by non-precoded CSI-RS at the first stage, so the eNB can use the UE-specific channel direction and co-polarization information, which provide accurate precoding information for the beamformed CSI-RS. An example of hybrid CSI-RS is shown in Figure~3, where the non-precoded CSI-RS is used in first stage, and beamformed CSI-RS is used in second stage.
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Figure 3. An example of hybrid of Non-precoded and beamformed CSI-RS
Based on the above analysis, the hybrid of non-precoded and beamformed CSI-RS based schemes are suitable to be used in the cases with a large number of TXRUs, e.g., 32 and 16 TXRUs, and are also can be used in FDD or TDD systems.
Observation 5: The cases with 32 or 64 TXRUs are the suitable use-cases for hybrid of non-precoded and beamformed CSI-RS based schemes.

4 Proposals for CSI-RS and CSI feedback 

Based on the analysis from Section-3, there are different suitable use-cases for different categories of CSI-RS based schemes. 

For 8 and 16 TXRUs, the non-precoded CSI-RS based schemes are proposed to be used. More details, for 8 TXRUs, the legacy 8 ports CSI-RS can be reused. However, the codebook for different antenna configurations should be enhanced since the legacy codebook is only designed for horizontal domain and there will be significant performance loss in the antenna configuration with elevation domain [3]
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[4]. The new codebook design should reflect the impact of elevation domain. The corresponding CSI feedback schemes also need to be enhanced.
For 16 TXRUs, the CSI-RS design can be easily extended from the legacy CSI-RS design, such as CSI-RS resource aggregation by FDM or TDM [2]. Then, a new codebook and the related CSI feedback for 16 TXRUs need to be designed, which may follow the same design principle of 8TXRUs cases.

Proposal 2: For 8 and 16 TXRUs, the non-precoded CSI-RS based scheme is preferred and the CSI-RS resource for 16 CSI-RS ports can be generated by aggregating legacy CSI-RS resources in TDM or FDM manner.
For 32 and 64 TXRUs, there are two categories are suitable to be used, i.e., beamformed CSI-RS based schemes and hybrid non-precoded and beamformed CSI-RS based schemes, where the overhead of CSI-RS and CSI feedback can be significant reduced in both categories. However, the beamformed CSI-RS seems a little more prefered in TDD systems, and at least the scheme 1 in the hybrid categories [5] is suitable for FDD systems.
For 32 and 64 TXRUs, CSI measurement and feedback content and procedure need to be enhanced in beamformed CSI-RS based schemes and hybrid CSI-RS based schemes, such as PMI for beam selection, two-stage CSI measurement and feedback. 

Proposal 3: For 32 and 64 TXRUs, focus on the study of the beamformed CSI-RS based schemes and hybrid CSI-RS based schemes.

5 Conclusions

In this contribution, we have an analysis for the use-cases for different CSI-RS and CSI feedback categories, and give our proposals for the CSI-RS based schemes in TR. The observations are given as follows:

Observation 1: There are different requirements for the design of CSI-RS and CSI feedback for different number of TXRUs.

Observation 2: The cases with no more than 16 TXRUs are the suitable use cases for non-precoded CSI-RS based schemes.

Observation3: The cases with 32 or 64 TXRUs are the suitable use-cases for beamformed CSI-RS based schemes.

Observation 4: The beamformed CSI-RS based schemes are a little suitable for TDD systems.

Observation 5: The cases with 32 or 64 TXRUs are the suitable use-cases for hybrid of non-precoded and beamformed CSI-RS based schemes.

Furthermore, we have the following proposals:

Proposal 1: The potential CSI feedback enhancement should be a good trade-off between performance and overhead.
Proposal 2: For 8 and 16 TXRUs, the non-precoded CSI-RS based scheme is preferred and the CSI-RS resource for 16 CSI-RS ports can be generated by aggregating legacy CSI-RS resources in TDM or FDM manner.
Proposal 3: For 32 and 64 TXRUs, focus on the study of the beamformed CSI-RS based schemes and hybrid CSI-RS based schemes.
-------------------------------------------------Text Proposal----------------------------------------------------------
6.2.1.2
Enhancements related to non-precoded CSI-RS-based schemes
This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. Non-precoded CSI-RS based scheme is applicable for 8 and 16TXRU. For 16 TXRU, an example of generating 16 CSI-RS ports per CSI-RS resource is to aggregate multiple legacy CSI-RS resources. In this category, a CSI reporting scheme is associated with at least two components: codebook(s) for the purpose of PMI reporting of 2-D antenna arrays and its associated CSI reporting modes. Each precoding matrix or vector within a codebook for CSI reporting can be described as W = W1W2 where W is used as a downlink transmission hypothesis for CSI calculation at a UE. For this dual-stage precoding structure, a potential specification enhancement on CSI reporting consists of the following CSI parameters:

------------------------------------------------------------------------------------------------------------------------------
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