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1 Introduction
For NR CSI-RS configuration, it was agreed in the RAN1#87 meeting that, 
· Support UE specific RRC configuration of one or more CSI-RS resource sets
· As one operation example, CSI-RS resources within a set can be dynamically shared amongst users

· Support dynamic allocation of one or more CSI-RS resources from the one or more sets to one or more users

· Allocation can be aperiodic (single-shot)

· Allocation can be on a semi-persistent basis

· Note: semi-persistent CSI-RS transmission is periodic while allocate
· Note: LTE actually support multiple types of UE selected feedback “format”:
· RI (may change the payload of the CSI)
· CRI (may change the payload of the CSI)
· Orthogonal beam pattern for Rel. 13 Rank 3-4 codebook (no impact on the payload of the CSI)

In this contribution, we discuss the potential enhancements of "class B" eMIMO type in LTE, including more levels of "CRI" reporting, "CRI" reporting with associated measurement quality, layered reliability and so on.
2 Discussion 
2.1 New design aspects in NR 
In LTE, CSI process is used for the management of CSI-RS resource configuration and CSI report. For CSI process of beamformed CSI-RS with K>1 (i.e., class B based CSI acquisition), resource index (es) and corresponding CSI within each selected resource are reported to eNB.
In NR, a similar procedure as class B can be considered for DL beam management to select the preferred resource(s) and corresponding beam state information (BSI, e.g., RSRP/CQI). It is convenient for the linkage of RS configurations and its corresponding report. 
2.2 Enhanced CRI design
Based on various scenarios, different beam determination methods can be used in NR. For multiple beam based transmission, when the number of beam is large, multi-stage beam determination method can be performed to speed up the beam sweep procedure. In this method, multiple stage of "class B" eMIMO type, e.g.  Class B with K>1 can be regarded as a start point to determine multiple selected beams in different stage. 
Based on the SU assumption, the content of beam related report can include the selected resource index (e.g. “CRI” like in LTE) and channel quality information for each selected resource, e.g., RSRP, RI and CQI etc.
If this determination method is adopted in NR, accordingly, there will be multiple resource indices for different stages. In a single stage method, more than one resource (i.e. multiple resource indices) can also be selected and reported. While for multi-stage determination method, high error diffusion between these resource indices needs to be carefully considered. For example, if an error happens for the channel measurement in the first stage, then the channel measurement in the second stage will also be accordingly affected.  This is very different from single stage method. Thereby, the resource index corresponding to the first stage is the most important. The resource index for the second stage and the resource index for the third stage follow with the order. Considering these gradual reliability requirements, layered “CRI” design should be considered in NR. 

In high frequency case, the channel will be affected by the blockage, caused by moving or static objects. To overcome this issue, more than one beam/beam pairs can be selected by UE. With more reported beam number, high reliability can be achieved. While the feedback overhead for corresponding beam state information also increases. 

Low coding rate with same information bits can also improve reliability of the transmission. Similar with the above discussion, transmission efficiency will decrease with the decreasing of code rate. 

In order to guarantee reliability of the “CRI” corresponding to the earlier stages and simultaneously maximize efficiency of multi-stage “CRI” (s), a layered design can be considered. For example, the following two alternatives for this layered “CRI” design can be considered.  
· Alt.1: Layered report method 
· Alt.2: Layered encoding method 

For Alt.1, different report beam number for different layer is adopted. As shown in figure 1, the reported beam/resource number degrades from the first stage to the third stage. Due to that the validity of i-th “CRI”(s) is determined by the i-1-th “CRI”, the reliability of the earlier “CRI” is higher. Layered report beam/resource number can achieve the tradeoff between reliability and feedback overhead.   


Figure 1 Layered reliability (e.g. from one to three beams) with multi-stage determination method  (three different UE shown with the three colors)
For Alt.2, layered encoding is assumed for multiple stages’ “CRI”.  As shown in figure 2, the coding rate degrades from the first stage to the third stage. Similar with Alt.1, the validity of i-th “CRI”(s) is determined by the i-1-th “CRI”, the reliability of the earlier “CRI” is higher. Layered encoding can also achieve the tradeoff between reliability and resource overhead.  



Figure 2 Layered reliability (e.g. code rate) with multi-stage determination method
Proposal 1: The beam report information can include index (es) of RS resources associated with beam, L1-filtered RSRP-like and/or channel quality information corresponding to the preferred resource(s). 
Proposal 2: Different reliability requirement of resource indices at different beam determination stages should be considered in NR

3 Conclusion
In this contribution, more levels of "CRI" reporting, "CRI" reporting with layered reliability. Based on these discussions, we have the following proposals:
Proposal 1: The beam report information can include index (es) of RS resources associated with beam, L1-filtered RSRP-like and/or channel quality information corresponding to the preferred resource(s). 
Proposal 2: Different reliability requirement of resource indices at different beam determination stages should be considered in NR
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