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1 Introduction
Hybrid CSI reporting was discussed during EB/FD-MIMO study item as a means to exploit benefits of both Class A and Class B reporting. This contribution has analyzed hybrid CSI reporting with corresponding measurement and reporting mechanism and investigated the potential impact on specification.
2 Discussion
2.1 Use Cases for Hybrid CSI Reporting
To take advantage of hybrid CSI-RS reporting, possible use cases are studied at first. General speaking, hybrid CSI-RS reporting means a two-step CSI measurement procedure by which each step has its own characteristic and measurement granularity/periodicity. In our understanding, some use cases could be:

· Spatial Domain Separation: Elevation + Horizon

Two dimensional CSI at the spatial domain can be independently derived and feedback. The eNB will be responsible to combine two feedback by a certain method, e.g. by Kronecker product, to obtain a full 3D channel state information. Hybrid CSI-RS reporting generally will separate the CSI from one spatial domain from the other one, for example elevation CSI component may have a relatively longer coherent time than horizontal CSI component. 
· Time Domain Separation: Long Term +Short Term 

The long term and short term CSI components can be separately updated with different periodicity. The short term CSI feedback may (may not) be constrained by long term CSI feedback and can provide finer spatial information at time domain by fast updating.  

· Frequency domain: Wideband + subband CSI
Similarly, wideband and subband CSI can be separately updated. The wideband type CSI usually does not change rapidly. The subband CSI feedback may (may not) be constrained by wideband CSI feedback and can provide finer spatial information at frequency domain. 
· Polarization domain: co-pol + x-pol co-phasing

It is also feasible to separate cophasing terms from CSI. Therefore CSI for a co-polarized antenna array and cophasing between two polarizations can be separately updated.  Generally speaking, the cophasing term is independent with other CSI components and may change much faster than others. 

In our understanding, the first eMIMO-type for such a two-step reporting is usually to provide a comparatively stable CSI component whilst the second eMIMO-type is to refine CSI with finer resolution in time/frequency/spatial/polarization domains.  Depending on network implementation and characteristic of propagation channel, there are many preferences of dividing CSI components some of which are measured and reported in the first eMIMO-type and the second eMIMO-type can take care of other CSI components. For example, the first eMIMO-type can measure long term wideband CSI by a UE and the second eMIMO-type can measure and report a cophasing term between two beamformed CSI-RS ports based on codebook. Therefore hybrid CSI reporting may provide efficient utilization of CSI-RS resources with a reasonable CSI accuracy. 
Observation #1: The first eMIMO-type is to provide a comparatively stable CSI component whilst the second eMIMO-type is to refine CSI with finer resolution in time/frequency/spatial /polarization domain(s). 

On the other hand, the linkage between two eMIMO-types is unclear at the moment. Therefore the CSI reporting from the second eMIMO-type may (may not) be constrained by the CSI reporting from the first eMIMO-type. Such a linkage depends on specific design of hybrid CSI reporting. We will provide our understanding later. 
Observation #2: The linkage between two eMIMO-types for a hybrid CSI reporting may depend on the design of solutions, having no or loose dependence within such a two-step CSI reporting. 
2.2 Solutions of Hybrid CSI Reporting 
Compared with NP CSI-RS, major benefits of BF CSI-RS include a better efficiency of CSI-RS and feedback resource utilization by using channel virtualization operation, which transforms an initial high-dimensional MIMO channel into low-dimensional ones by performing beamforming over CSI-RS, and also an improved CSI accuracy by beamformed CSI-RS ports. There are two types of BF CSI-RS defined in Rel. 13, i.e., class B with K>1 and K=1. For the former case, UE specific or cell specific beams are virtualized at CSI-RS resource level in a single CSI process. For the latter case, UE specific beams are virtualized at port level in a single CSI-RS process. In Release 13, long-term channel information to help eNB determine the beamforming weights may be obtained by an independent CSI process or channel reciprocity. It is possibly more self-contained to acquire such information from the UE by using hybrid CSI-RS reporting which can provide all necessary long term and short term CSI. 
Solution A: Hybrid CSI Reporting with class A (First) and class B K=1 (Second)

In our understanding, the dependence between the first and the second CSI reports for solution A is exploited at eNB side to facilitate the implementation of beamforming performed over the second eMIMO-type. There is no linkage between two eMIMO-types from the UE perspective. During the first stage of CSI reporting, the eNB sends class A NP CSI-RS with a long periodicity. Based on the reception of CSI-RS, the UE estimates a full 2D/3D channel, selects a long term PMI i1 from codebook and feeds it back to the eNB. 
During the second stage of CSI reporting by using BF CSI-RS (class B K=1), the eNB sends BF CSI-RS in one CSI-RS resource precoded by UE specific beams which are determined by i1 reported in the first stage. Then the UE estimates the effective channels, selects the favourite PMI from short-term codebooks and feeds back the selected PMI and CQI to eNB. Accordingly, the eNB will use UE specific beams and CSI reported from the second eMIMO-type for DMRS based data transmission. 
In addition, it is better to report RI together with PMI/CQI feedback during the second stage of CSI reporting. It is more flexible and accurate for the UE to decide RI/PMI/CQI jointly based on virtualized ports in the second eMIMO-type (class B K=1) in order to provide refined CSI. To achieve this, we can restrict i1 to rank 1/2 only by applying codebooksubsetrestriction or by a specific reporting rule for the first eMIMO-type (Class A). Since the first eMIMO-type in Solution A is only responsible for the long term beam selection, the difference of i1 between rank 1/2 and ranks 3/4 can be trivial.  
Solution B: Hybrid CSI Reporting of class B K>1 (First) and class B K=1 (Second)

Similar with Solution A, the dependence between the first and second stage CSI reporting is only for eNB’s implementation and is invisible from the UE perspective. During the first stage of CSI reporting, eNB sends K BF CSI-RS resources precoded by a number of cell specific 2D or 3D beams with a long periodicity. Based on the reception of K BF CSI-RS resources, UE estimates the effective channel and then feedback the most favourite BF CSI-RS resource via CRI reporting and also i1 (optionally) implying the preferred 2D/3D precoder from the UE perspective. 

During the second stage CSI reporting, eNB sends BF CSI-RS in one CSI-RS resource precoded by UE specific beams which is determined by CRI and/or i1 reported in the first stage. Then UE estimates the effective channels of Class B (K=1) CSI-RS resource, selects the favourite PMI from the short-term codebook and feeds back the selected PMI, CQI and RI to eNB.
Solution C: Hybrid CSI Reporting of class A (First) and class B K>1 (Second)

PMI feedback from class B K=1 CSI-RS in solutions A and B usually includes both beam selection and co-phasing information, which is actually similar with W2 CSI component from a two-stage codebook based feedback for NP CSI-RS. Consequently the actual CSI reporting content and procedure from both solutions A and B are similar with Release 13 class A or class B K>1 reporting, which already support a two-step CSI reporting implicitly. However there may be some benefits or use cases that solutions A and B can use less CSI-RS REs than Rel 13 class A or class B (K>1).  
Solution C here may support more flexible reporting content and virtualization. In this solution, the first stage CSI reporting is similar with solution A so that class A CSI reporting is mainly used for a rough 2D or 3D beam tracking and corresponding class A CSI-RS resource can be more sparse than class B CSI-RS resources. 
During the second stage CSI reporting, eNB sends K BF CSI-RS resources precoded by UE specific beams each of which is determined by i1 reported in the first stage. Then UE estimates the effective channels of K BF CSI-RS resources, feedbacks the favourite BF CSI-RS resource via CRI reporting and PMI/CQI/RI associated with the selected resource. 

Proposal #1: Following three hybrid CSI reporting shall be supported:
· Hybrid of class A NP CSI-RS with i1 feedback and Rel 13 class B K=1 BF CSI-RS with PMI/CQI/RI feedback

· Hybrid of class B K>1 BF CSI-RS with CRI and optional i1 feedback and Rel 13 class B K=1 BF CSI-RS with PMI/CQI/RI feedback

· Hybrid of class A NP CSI-RS with i1 feedback and Rel 13 class B K>1 BF CSI-RS with CRI/PMI/CQI/RI feedback.

2.3 CSI Process for Hybrid CSI Reporting
For hybrid CSI reporting, the UE needs to configure two eMIMO-types each of which has specific measurement and reporting content. In our understanding, the main difference, compared to Rel 13 CSI enhancement, is CSI dropping during the first stage CSI reporting by using the first eMIMO type, i.e. for class A NP CSI-RS with i1 only feedback and class B K>1 BF CSI-RS with CRI and optional i1 feedback. Since there is no strong dependence between the first and the second eMIMO-type while estimating CSI from the UE perspective, using a single CSI process or multiple CSI processes can be similarly supported by higher layer signalling which can be used to restrict CSI reporting content from the first eMIMO-type. 

Proposal #2: Hybrid CSI reporting can be supported by single process or multiple processes to restrict CSI reporting content from the first eMIMO-type by higher layer signalling. 

If using single CSI process, the main specification impact is to redesign CSI process which has to take into account both eMIMO-types, which can be the same CSI-RS class or different classes. Depending on solutions of hybrid CSI reporting discussed in previous section and other preference, two eMIMO-types in a single CSI process have different CSI feedback content and each eMIMO type also has number of higher layer configuration parameters, including Pc, MBSFN, periodic/aperiodic reporting mode, resource configuration, QCL etc. Therefore RAN1 needs to discuss further that whether some parameters shall be common among two eMIMO-types or not. Otherwise it is unreasonable for us if each eMIMO type in a single CSI process has own parameter set.  
If using multiple CSI processes, the main specification impact is to restrict CSI reporting for the first CSI process associated with the first eMIMO-type. Depending on whether the first eMIMO-type is class A or class B, and how CSI content shall be dropped,  RAN1 needs to carefully check whether there is a need to introduce new CSI reporting type, which reporting modes shall be used for such a lean CSI reporting, etc. Secondly, RAN1 needs to specify rules of RI dependence since the first CSI process may or may not have RI reporting. Lastly, dropping rules may be studied since generally speaking the first CSI process has a higher priority than the second CSI process, for example i1 from both CSI processes. 
As we discussed in solutions A/B/C, hybrid CSI reporting has been implicitly supported in Rel 13 through the use of multiple CSI processes. With the help of hybrid CSI reporting, the overhead of RS can be reduced. As an example the use case of Class B K>1 can use less CSI-RS ports per CSI-RS resource, if the eNB may retrieve some long term information using Class A CSI reporting in prior. In our understanding, using multiple CSI processes is still more flexible than single CSI process in terms of eNB implementation which may have different preference for the first eMIMO type with regards to reporting mode, resource configuration, etc. We do not see strong CSI measurement linkage from the UE perspective for hybrid CSI reporting. Using multiple CSI processes for hybrid CSI reporting seems to have limited specification impact with some additional rules specified in 36.213. Hence it is slightly preferred to use multiple CSI processes for hybrid CSI reporting. 
Proposal #3: It is slightly preferred to use multiple CSI processes for hybrid CSI reporting due to eNB implementation flexibility and relatively less specification impact. 

3 Conclusion

This contribution has considered hybrid CSI reporting and its potential specification impact .We make the following observations and proposals:
Observation #1: The first eMIMO-type is to provide a comparatively stable CSI component whilst the second eMIMO-type is to refine CSI with finer resolution in time/frequency/spatial /polarization domain(s). 
Observation #2: The linkage between two eMIMO-types for a hybrid CSI reporting may depend on the design of solutions, having no or loose dependence within such a two-step CSI reporting. 

Proposal #1: Following three hybrid CSI reporting shall be supported:
· Hybrid of class A NP CSI-RS with i1 feedback and Rel 13 class B K=1 BF CSI-RS with PMI/CQI/RI feedback

· Hybrid of class B K>1 BF CSI-RS with CRI and optional i1 feedback and Rel 13 class B K=1 BF CSI-RS with PMI/CQI/RI feedback

· Hybrid of class A NP CSI-RS with i1 feedback and Rel 13 class B K>1 BF CSI-RS with CRI/PMI/CQI/RI feedback.
Proposal #2: Hybrid CSI reporting can be supported by single process or multiple processes to restrict CSI reporting content from the first eMIMO-type by higher layer signalling. 

Proposal #3: It is slightly preferred to use multiple CSI processes for hybrid CSI reporting due to eNB implementation flexibility and relatively less specification impact. 
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