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1 Introduction

In RAN1#86bis meeting, the following were discussed [1].

Proposal:
· For hybrid CSI in one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type

· For the 1st eMIMO-Type

· CRI (without CQI/PMI/RI) is reported

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Different CSI-RS resources and/or eMIMO-Types can be used for PUCCH and PUSCH

· UE calculates one CSI report for only one eMIMO-Type of a pair at a time

The proposal was further discussed during email discussion but no agreement was achieved. In this contribution, we continue the discussion, and our views are presented. 
2 Discussion
For hybrid CSI, the 1st eMIMO-Type CSI-RS is cell-specific and generally configured for beamformer determination. While the 2nd eMIMO-Type CSI-RS is UE-specific and configured for the distributed UEs in the cell. The overhead of the 1st eMIMO-Type CSI-RS is limited due to long reporting period. The CSI in 2nd eMIMO-Type is reported in short period and the overhead of CSI-RS will become huge when number of active UEs is large. 

Actually, there are always some UEs sharing the same beam direction. Those UEs reporting the same CRI for the 1st eMIMO-Type CSI-RS can potentially share the same 2nd eMIMO-Type CSI-RS. With the mechanism of dynamic 2nd eMIMO-Type CSI-RS selection based on CRI reported in 1st eMIMO-Type, the CSI-RS sharing between different UEs can be enabled and the CSI-RS overhead in 2nd eMIMO-Type can be substantially reduced compared with method based on Rel-13 implementation. As we know, the CSI-RS overhead reduction is the main motivation to introduce hybrid CSI-RS in Rel-14. If Class B K>1 and Class B K=1 for hybrid CSI-RS is introduced, dynamic 2nd eMIMO-Type CSI-RS resource configuration should be supported for overhead reduction. Otherwise, we don’t see any benefits from specifying hybrid CSI-RS of Class B K>1 and Class B K=1. 
Proposal: Dynamic CSI-RS resource configuration for the 2nd eMIMO-Type based on CRI reporting for the 1st eMIMO-Type is supported, if CLASS B with K>1 and Class B K=1 is agreed as the second hybrid CSI mechanism. 
For dynamic 2nd eMIMO-Type CSI-RS resource configuration, based on CRI reporting for 1st eMIMO-Type, eNB determines the beamforming for Class B CSI-RS with K=1 for the 2nd eMIMO-Type. A resource pool for 2nd eMIMO-Type CSI-RS can be configured. The CSI-RS resource of Class B CSI-RS with K=1 can be periodic or aperiodic. UE can obtain the CSI-RS resource configuration for 2nd eMIMO-Type in the following ways. 
· Periodic CSI-RS: CSI-RS resource for 2nd eMIMO-Type is determined by CRI reported for 1st eMIMO-Type. The UEs, which report the same CRI, can share the same CSI-RS resource for 2nd eMIMO-Type. Multiple shared 2nd eMIMO-Type CSI-RS resource should be signaled to UE, and UE determines one of them by CRI reported for 1st eMIMO-Type. No additional signaling is needed to indicate CSI-RS resource for 2nd eMIMO-Type, since UE already knows the mapping between CSI-RS resource for 2nd eMIMO-Type and CRI reported for 1st eMIMO-Type through e.g. predefined rule. 
· Aperiodic CSI-RS: One of the N CSI-RS resources is triggered and indicated to UE aperiodically. 

For periodic CSI-RS report in 2nd eMIMO-Type, as shown in Figures 1, assuming there are 4 periodic CSI-RS resources in the CSI-RS resource pool. The 1st eMIMO-Type is Class B with K=4. UEs in the cell measure the 4 CSI-RS resources and reports CRI to eNB. Then on instances N+1, N+2, N+3, UE will measure the Class B CSI-RS with K=1 on CSI-RS resource selected based on CRI derived for 1st eMIMO-Type.
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Figure 1 CSI-RS resource for Class B with K>1 and Class B with K=1 CSI-RS
3 Evaluation on CSI-RS utilization efficiency 
In this section, the CSI-RS utilization efficiency is evaluated, where CSI-RS utilization ratio is defined as
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There are two alternatives for comparison
· Alt-1: Class B K>1 and Class B K=1 in one CSI process, where the configuration for the 2nd eMIMO-Type CSI-RS is determined by CRI.
· Alt-2: Two processes for Class B K>1 and Class B K=1 respectively. It can be implemented based on R13. It is worth noting that without CRI-based resource sharing, whether to use one or two CSI processes does not impact the CSI-RS utilization efficiency. 
The detailed simulation conditions are 

· For the 1st eMIMO-Type

· K=8 CSI-RS resources, Nk=4 ports for each resource;

· 80ms periodicity 

· For the 2nd eMIMO-Type

· Resource pool is composed of 8 CSI-RS configurations, Nk=4 ports for each configuration

· 5ms periodicity for each UE
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Figure2: CSI-RS utilization efficiency with/without CRI based resource sharing
In both alternatives, the CSI-RS utilization ratio increases with the number of active UEs. However, for Alt-1, thanks to the benefits of resource sharing, the CSI-RS resource ratio increases in a relative low rate with number of active UEs and eventually saturates in a pretty low level. For Alt-2, CSI-RS resource consumption almost linearly increases with number of active UEs. Even in the case of several active UEs, i.e. 8 UEs, Alt-1 is more efficient than Alt-2, because there is still high probability that some UEs can share the same CSI-RS resource. 
The more intuitive comparison of two alternatives is illustrated in Figure3, where the percentage of saved resource by Alt-1 over Alt-2 is provided. As shown in figure 3, the overhead reduction percentage increases with the number of UEs in the cell. Significant overhead reduction is observed with dynamic 2nd eMIMO-Type CSI-RS resource sharing.
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Figure3: Percentage of saved resource by Alt-1 compared with Alt-2
Hence we have 

Observation: Hybrid CSI-RS process with Class B K>1 and Class B K=1 has much higher CSI-RS utilization efficiency than two processes with Class B K>1 and Class B K=1, if CRI based CSI-RS resource sharing is applied for 2nd eMIMO-Type CSI-RS. 
4 Conclusion

In this contribution, dynamic CSI-RS resource configuration for the 2nd eMIMO-Type is discussed for the support of CLASS B with K>1 CSI-RS resources and CLASS B with K=1 CSI-RS resource for hybrid CSI. Evaluation shows the benefits of overhead reduction with dynamic CSI-RS resource sharing for the 2nd eMIMO-Type. The following are observed:

Observation: Hybrid CSI-RS process with Class B K>1 and Class B K=1 has much higher CSI-RS utilization efficiency than two processes with Class B K>1 and Class B K=1, if CRI based CSI-RS resource sharing is applied for 2nd eMIMO-Type CSI-RS.
Based on the discussion and evaluation, we propose:

Proposal: Dynamic CSI-RS resource configuration for the 2nd eMIMO-Type based on CRI reporting for the 1st eMIMO-Type is supported, if CLASS B with K>1 and Class B K=1 is agreed as the second hybrid CSI mechanism. 
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