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1. Introduction

3GPP meeting in RAN1 82 has agreed to categorize new CSI reporting of EBF/FD MIMO [1,2] as two classes: 

· Class A: UE reports CSI according to W=W1W2 codebook based on {[8],12,16} CSI-RS ports
· Class B: UE reports L port CSI assuming some EBF/FD MIMO alternatives. 
The class A CSI reporting is generally aligned with conventional CSI reporting in TM 9 or TM 10 with single CSI process. 

The class B CSI reporting is more complicated because of different alternatives of beamformed CSI-RS transmission schemes for potentially supporting AAS with more than 64TXRU. A CSI process associated with class B CSI reporting can be composed of K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1). Candidate values of K and Nk can be varied from one alternative to another and also lead to different interpretations of CSI measurement at both eNB and UE sides. In general, depending on specific beamformed CSI-RS transmission scheme, at least following aspects need to be addressed by CSI-RS measurement and configuration for EBF/FD MIMO:
· Channel measurement based on CSI-RS configuration(s)

· MU interference measurement based on CSI-IM or other mechanisms
· CSI reporting types, for example beam index (BI), PMI, RI, CQI, or new codebook
· Measurement Restriction applied to channel and/or interference measurement 
· CSI process parameters including antennaPortsCount, resourceConfig, subframeConfig, scrambling ID, QCL, CSI-RS-ConfigZP, Pc, codebookSubsetRestriction, Aperiodic/Periodic CSI reporting, codebook switching, ri-ConfigIndex2  for RI dependency, cqi-pmi-ConfigIndex2 for subframe subset restriction, and etc. 
Some of above questions are discussed in this contribution and further design is conditioned on the down selection of beamformed CSI-RS schemes. 
2. Discussion of Class A CSI Reporting

Similar with TM9 and TM10 with single CSI process, Class A CSI reporting in EBF/FD MIMO needs CSI-RS-ConfigNZP, CSI-RS-ConfigZP and/or CSI-IM-Config. 
The agreement with respect to CSI-RS-ConfigNZP has suggested two alternatives, either defining new CSI-RS resource/configuration with Nk: =12/16 or defining an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. Firstly we prefer that there is no new CSI RE defined for 12/16 ports CSI-RS resources in order to mitigate the UE and eNB implementation complexity. 
Proposal #1: Existing CSI-RS REs up to Rel 12 should be reused for defining new 12/16 port CSI-RS resources/configurations. 

The method of aggregating K configured CSI-RS resources/configurations can provide a higher flexibility in terms of CSI-RS RE utilization efficiency. However some extra complexity may be involved, for example:
· If the aggregation of K NZP CSI-RS resources is purely configured by higher layer signaling, then specification needs to introduce some rules about which 2/4/8 port CSI-RS resources/configurations can be aggregated together, e.g. subframeconfig and defining port index.  
· The aggregation of K resources needs to consider muting patterns of CSI-RS-ConfigZP. Generally speaking we do not see urgent needs to introduce new muting patterns so that the aggregation may be restricted to some selected CSI-RS resources. 

· The aggregation of K resources needs to define some rules to building the relationship between K resources and other parameters including Pc, scrambling ID, QCL, codebooksubsetrestriction etc.  
· Arbitrary aggregation of K resources may not provide a uniform CSI-RS RE distribution for channel estimation and may complicate UE implementation.  

· Given that Class A CSI reporting will implicitly support conventional antenna array up to 8 CSI-RS ports, we may need a consistent design supporting all possible CSI-RS port numbers 2/4/8/12/16. 
The aggregation with flexible port numbers, subframe configs, resource configs, port indexing, Pc, QCL, etc are not preferred. With a 5ms periodicity, there are still feasible to support more than 10 orthogonal patterns of 16 port CSI-RS resource. If necessary, some CSI-RS 12/16 port patterns can be partially overlapped. We can discuss further principles of aggregation which can be used to reach a certain compromise between two alternatives.  Therefore what we prefer is the simplest solution which will define all CSI-RS resources/configurations for 12/16 CSI ports within the specification for Class A CSI measurement and reporting. 
Proposal #2: Each CSI process for Class A CSI measurement and reporting has only one NZP CSI-RS resource/configuration where 12/16 CSI-RS port patterns with Nk=12/16 are defined in the specification and may be partially overlapped if necessary. 

With respect to CSI-RS-ConfigZP and/or CSI-IM-Config for Class A CSI measurement and reporting, what we prefer is to reuse as much as possible from TM10 with single CSI process.  One CSI-IM resource shall be configured per CSI process for Class A CSI measurement and reporting in order to provide fallback compatibility of TM10 based CSI measurement reporting.  Whether a new TM is needed or not can be discussed separately. However in our view CSI measurement and reporting used for EBF/FD MIMO shall be considered as further enhancement beyond TM10 based SU/MU/CoMP operation. Therefore CSI-IM resource may provide benefits of interference measurement with multiple hypotheses as we discussed in Rel 11. 
3. Discussion of Class B CSI Reporting

Class B CSI reporting is more complicated compared to Class A because of different beamformed CSI-RS schemes. The commonality of all schemes is that all schemes have used dimensionality reduction to reduce the overhead of CSI measurement and reporting for EBF/FD MIMO, taking into account some channel statistics. Each beamformed CSI-RS scheme will introduce new measurement behavior from the UE perspective and also new operation methodology from the eNB perspective. 
We would discuss in details for beamformed CSI-RS schemes to see whether there is an opportunity to design a unified solution supporting a variety of beamformed CSI-RS schemes and also take into account further enhancements in future releases. Figure 1 shows an abstract picture of beamformed CSI-RS schemes for the ease of elaboration. 








Figure 1    Abstract of Beamformed CSI-RS Schemes

· Alternative #1: In our understanding the main characteristic of Alternative #1 is to introduce new CSI reporting type, BI, which represents a beam selection among K CSI-RS resources as one part of spatial domain information between the eNB and the UE.  L port CQI/PMI/RI conditioned on selected beam/resource will be fed back the eNB. 
Generally the characteristic of BI is a long term and wideband CSI measurement, similar with RI or W1 of a dual codebook structure.  If BI is a short term CSI, RI determined within selected beam is generally meaningless. If BI can be frequency selective, for example for UE # 4 and #5, we might end up with subband BI. Such CSI type with subband BI may be fed back as a companion CSI of subband CQI and/or subband PMI. However we don’t see a clear evidence or benefit of using subband BI. Subband BI reporting will certainly increase the overhead and complexity of specification. Therefore we prefer a wideband BI reporting in release 13 and leave CSI like subband BI for further study. 
Proposal #3:  We prefer that BI in Alternative #1 is long term and wideband CSI type in Rel 13. 

The determination of BI at the UE is an UE implementation which can exploit RSRP and/or CSI measurements at the UE. However RAN4 testing cases are needed to guarantee a CSI measurement with good quality including all CSI components, e.g. BI/PMI/RI/CQI. 
The determination of BI at the UE shall take into account the interference measurement among beams/resources, e.g. inter-beam interference, for facilitate MU interference measurement. The concept of Alternative #1 is actually very closed to CoMP in Rel 11, for example one may consider Beam #1 and #2 in Figure 1 as virtual cell #1 and #2 in CoMP scenario 4. The main difference is that Rel 11 CoMP will feedback CSI measurement for all virtual cells. Therefore to support high-order MU in FD-MIMO, e.g. pairing UE #1 and UE # 8 within the same PRB, the concept of CSI-IM can be reused here to test multiple SU and MU interference hypotheses. Since the precoder used for PDSCH will be same with precoder used for CSI-RS ports, CSI-IM resource can be overlapped with beamformed NZP CSI-RS resource to measure MU interference and hypothesis. 
Proposal #4:  Consider multiple CSI-IM resources to measure MU or inter-beam interference hypothesis for Alternative #1 where one NZP CSI-RS resource is linked with one CSI-IM
A common resource of CSI-IM can be shared among multiple CSI-IM configurations in a CSI process based on Proposal #4. This kind of measurement will favor SU DPS-type operation with considering only inter-cell interference measurement. 
· Alternative #2:  The main characteristic of Alternative #2 in our understanding is to use a codebook to select multiple beams/ports among configured CSI-RE resource(s) where total ports among a CSI process is L and each CSI-RS port represents a CSI-RS beam. PMI (including port selection and co-phasing between ports), RI and CQI will be fed back to the eNB.  
A CSI process with 1 or K NZP CSI-RS resources is not the main differentiation between Alternative #1 and #2. The most prominent character of Alternative #2 is the new measurement mechanism applied to both eNB and UE. Therefore if multiple beamformed CSI-RS schemes need to be supported in Rel 13, new reporting class like class C or subclass like Class Bx, should be considered. And these reporting classes may have a common parameter set and also unique parameters associated with specific measurement requirements. RAN1 may continue studying enhancements of AAS with more TXRUs using higher frequency bands in LTE Rel 14 onward. Beamformed CSI-RS schemes and corresponding measurement/reporting will keep evolving and may results in new measurement mechanism beyond Class A and B in the future. 
Proposal #5: Consider more reporting classes like Class C or subclass like Bx defined per CSI process in order to support multiple beamformed CSI-RS schemes and future FD-MIMO enhancements
How the eNB shall determine and apply beamforming vectors to CSI-RS ports in Alternative #2 is transparent to the UE. However depending on the codebook structure used for Alternative #2, there are certain restrictions of eNB implementation. For example, if existing 4/8 Tx W2 codebook is re-used, rank 1 PMI has to select two ports with the same beam index although such a restriction is completely unnecessary from the point of AAS implementation. Rank 2 codebook may or may not be orthogonal either and result in strong inter-beam interference. 
If a CSI process has K CSI-RS resources configured for Alternative 2, a certain port indexing rule needs to be specified so that CSI can be mutually understood by both eNB and UE. Therefore it seems to us that one NZP CSI-RS resource per CSI process is the simplest solution. Note that reusing existing W2 codebook (or not) is always considered as a new codebook design from specification and implementation point of view. Therefore a CSI process for Alternative 2 can be configured with one NZP CSI-RS resource which is then linked with newly designed L-ports codebook(s). 

Proposal #6:  Consider single NZP CSI-RS resource with L ports per CSI process which is linked with newly designed L-ports codebook(s) for Alternative #2
From the UE perspective, the assumption of QCL among L ports within a CSI process need to be double checked. In TM 10 the antenna ports 0 – 3 associated with qcl-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15 – 22 corresponding to the CSI-RS resource configuration are quasi co-located with respect to Doppler shift, and Doppler spread. Since CRS and L CSI-RS ports may be virtualized differently by AAS in Alternative 2, different sets of arrival paths per RS port may lead to different Doppler effect at the UE side. Therefore some new QCL for Alternative #2 should be studied to support accurate channel measurement. 
Proposal #7: Consider new QCL among CRS and L NZP CSI-RS ports for Alternative #2 
Similar with Class A CSI measurement and reporting, the derivation of PMI/RI/CQI at the UE side has an implicit assumption of SU transmission for Alternative 2. Compared to Class A CSI measurement and reporting, Alternative 2 is even worse for supporting MU since W1-type feedback is missing. Beamforming vectors based on channel statistics and applied to CSI-RS ports are not a direct UE measurement and may lead to wrong MU decision. Therefore to support high order MU efficiently, interference measurement shall be studied further for Alternative #2. Similar with Alternative #1, using multiple CSI-IM recourses may be a starting point for testing multiple MU hypotheses. 

Proposal #8:  Study MU/inter port interference measurement mechanism for Alternative #2 
· Alternative #3:  Alternative #3 in our understanding is very close to Alternative #1 except that they will lead to different specification changes. Both alternatives will select NZP CSI-RS resources configured for a CSI process. The main difference is that Alternative #1 will use BI and Alternative #3 will use a codebook, e.g. W0 which will apply all ports within the CSI process. W0 will be responsible for ports/CSI resource selection and further CSI measurement will be constrained within selected ports/CSI resource. 
Therefore from specification point of view, Alternative #3 can have a similar CSI process structure with Alternative #1 but it needs to specify W0. Generally Alternative #3 is more flexible than Alternative #1 in terms of ports/resource selection, for example port selection within the single beam like antenna switching, and such flexibility means extra specification efforts and higher complexity.
Observation #1: The new CSI reporting type W0 from Alternative #3 is close to BI from alternative #1 in terms of measurement and reporting mechanism. 
Observation #2: Alternative #1 and #3 may share similar structure of CSI process with some different parameter settings. 
Since beam selection is conducted by codebook, Alternative 3 also consider SU transmission hypothesis for deriving PMI/RI/CQI reporting. Therefore MU or inter beam interference measurement mechanism needs to be studied for Alternative 3.
Proposal #9:  Study MU/inter beam interference measurement mechanism for Alternative #3 
4. Conclusions

In this contribution we have discussed potential specification impact related to CSI measurement and corresponding configurations. Based on our analysis, we have following observations and proposals: 

Proposal #1: Existing CSI-RS REs up to Rel 12 should be reused for defining new 12/16 port CSI-RS resources/configurations. 

Proposal #2: Each CSI process for Class A CSI measurement and reporting has only one NZP CSI-RS resource/configuration where 12/16 CSI-RS port patterns with Nk=12/16 are defined in the specification and may be partially overlapped if necessary. 

Proposal #3:  We prefer that BI in Alternative #1 is long term and wideband CSI type in Rel 13. 

Proposal #4:  Consider multiple CSI-IM resources to measure MU or inter-beam interference hypothesis for Alternative #1 where one NZP CSI-RS resource is linked with one CSI-IM
Proposal #5: Consider more reporting classes like Class C or subclass like Bx defined per CSI process in order to support multiple beamformed CSI-RS schemes and future FD-MIMO enhancements

Proposal #6:  Consider single NZP CSI-RS resource with L ports per CSI process which is linked with newly designed L-ports codebook(s) for Alternative #2

Proposal #7: Consider new QCL among CRS and L NZP CSI-RS ports for Alternative #2 

Proposal #8:  Study MU/inter port interference measurement mechanism for Alternative #2 
Observation #1: The new CSI reporting type W0 from Alternative #3 is close to BI from alternative #1 in terms of measurement and reporting mechanism. 
Observation #2: Alternative #1 and #3 may share similar structure of CSI process with some different parameter settings. 
Proposal #9:  Study MU/inter beam interference measurement mechanism for Alternative #3 
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