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Introduction
While the details of ‘mechanism 1’ for hybrid CSI-RS operation were fleshed out in RAN1#86, components of the second mechanism remain open.  Two proposals were identified for the second mechanism, and it was concluded that combinations and/or down selection of these proposals should be studied [3]:
Conclusion:
· Proposal I: For hybrid CSI with 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, two options
· Option 1: CRI (without CQI/PMI/RI) is reported
· Option 2 (only support K=2): PMI assuming RI=1 for each of the two CSI-RS resources are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· Working assumption: No interdependence in CQI calculation between 1st and 2nd eMIMO-Types
· FFS: for option 1, dynamic CSI-RS resource configuration for the 2nd eMIMO-Type based on CRI reporting 1st eMIMO-Type. 
· Proposal II:
· Hybrid CSI reporting with eMIMO-Type pairs is supported 
· No restriction on the configuration for 1st and 2nd eMIMO-Types
· UE supports eMIMO-Type pairs
· For TM9, different CSI-RS resources and/or CSI reporting configurations can be used for PUCCH and PUSCH
· UE calculates one CSI report for only one eMIMO-Type of a pair at a time and one eMIMO-Type at a time
· FFS: Define the period of CSI-RS associated with the 1st eMIMO-Type as N times of the period of CSI-RS associated with the 2nd eMIMO-Type, where N>1
· Configurable or fixed value of N needs to be specified
· Whether new dropping rules need to be specified
· Rel-13 CSI process configurations are supported
· A report for either eMIMO-type contains all Rel-13 CSI parameters (CQI/PMI/RI/CRI) 
· Study whether it is possible to simplify a combination, or to down select, between/within proposals I and II

This contribution considers the components of the two proposals for the second mechanism including reporting with resource pairs and timing, aperiodic reporting, the use of periodic and multi-shot CSI-RS, and the various proposed CSI reporting combinations.  A proposal for mechanism 2 is then made based on the discussion.
[bookmark: _Ref426729914]Hybrid CSI with Primary and Subordinate Resources
Proposal II allows hybrid CSI reporting without restrictions on the configuration of the two eMIMO-Types.  While this flexibility is available in two CSI process reporting, support for two CSI processes doubles the UE CSI processing complexity.  Therefore, the main benefit of Proposal II is that the UE only needs to compute CSI for one eMIMO-Type at a time.
One key element of Proposal II is therefore how to determine which eMIMO-Type the UE should compute CSI for.  Since hybrid CSI is usually based on having one set of CSI-RS resources transmitted infrequently, and another set transmitted frequently, it is natural to wish to avoid losing CSI reports for the infrequently transmitted CSI-RS.  This leads to the notion of a ‘primary’ and a ‘subordinate’ CSI-RS resource.  In order to inform the UE which CSI resource to report on, one of the pair of resources is given a higher priority by being designated a ‘primary’ CSI resource, while the other is a ‘subordinate’ CSI resource.  
The benefits for this two resource hybrid CSI reporting scheme are then: 
· They are quite straightforward to specify, as shown in [1] and [2].  Except for a new dropping rule, there is no change to PUCCH or PUSCH reporting.  No new PUCCH reporting types or payloads are needed, and there is no requirement to use PUCCH format 3.
· Any combination of Class A and B, codebook, codebook Config, and number of CSI-RS ports can be used.
· A full CSI report is available for both sets of CSI-RS resources.  The eNB need not wait for the UE to compute CSI for both resources prior to receiving RI or CQI.
· Support for Rel-14 advanced CSI eMIMO-types can be straightforwardly added.  
Selecting Primary and Subordinate Resources 
The figure below illustrates this resource-pair approach using periodic CSI reporting timing, showing how CSI reporting and calculation can be performed for only one of the primary or subordinate CSI resources at a time.  Prior contributions have shown how the timing approach works for Class A+B hybrid [1][2], even though the same approach also applies to Class B+B hybrids.  Therefore, we provide an example of Class B K=2 8 port CSI-RS transmission as the primary resources and Class B K=1 2-port CSI-RS transmission as the secondary resource.  Here, the two primary resources occur once every 80 subframes, whereas a 2 port CSI-RS Class B K=1 resource is transmitted once every 5 subframes for the subordinate CSI resource.  Periodic CSI reporting using RI, PMI, and CQI is shown for the sake of example.  The PUCCH transmissions in a subframe contain either RI and/or CRI, and PMI and/or CQI. 
The figure shows both the CSI-RS resource as well as the reference resource.  It can be observed that even though there are K=2 primary CSI-RS resources, this does not affect the timing, since it is the reference resource that is used to establish timing.  The UE calculates and reports CSI for only the CSI associated with the primary CSI-RS resources if the reference resource for the primary CSI resources occurs in the subframes between the subordinate CSI report and the reference resource for the subordinate CSI report.  Otherwise, the secondary CSI is reported.  This is shown where the first subframe of a potential subordinate CSI port beginning in subframe 4 has a reference resource in subframe n-ncqi_ref,s.  The first subframe of the primary CSI report beginning in subframe 6 has a reference resource in subframe n-ncqi_ref,p.  In this example, ncqi_ref,s and ncqi_ref,p are both 4 subframes, and so the reference resource for the potential subordinate CSI report is in subframe 0. The primary CSI reference resource is in subframe 2, which is in the interval between subframes 0 and 4, and therefore in the subframes between the potential subordinate CSI report and the reference resource for the potential subordinate CSI report.  Therefore, the subordinate CSI will not be calculated or reported in subframes 4 and 5, as indicated by the diagonal lines through the RI and PMI,CQI subordinate reports in the figure, while the primary CSI is reported in subframes 6-8.  


[bookmark: _Ref450916724]Figure 1: Hybrid Periodic CSI Reporting Using a Resource Pair

While the figure illustrates the behavior for periodic CSI, the behavior for aperiodic CSI is essentially the same.  (Please note that we we address aperiodic CSI, not aperiodic CSI-RS: that is covered in Section 2.2.3.) The UE does not calculate new secondary aperiodic CSI if the primary CSI reference resource falls between the secondary reference resource and the secondary aperiodic CSI report.  The reference resource definition in case of aperiodic CSI needs to be slightly different, however.  This is discussed in detail in Section 2.2.2.
Note that we assume that there are only two sets of CSI-RS resources in an eMIMO-Type pair.  When different resources are configured for PUCCH and PUSCH, they are in different eMIMO-Type pairs.
Proposal:
· UE calculates one CSI report for only one eMIMO-Type of a pair at a time
· Which report to calculate is selected according to reference resources and report timing of 1st and 2nd eMIMO-types 
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Use of Aperiodic Reporting with Primary and Subordinate Resources
Given that a UE is configured with two CSI-RS resources for each of two eMIMO-types in a CSI process, it can be possible to report aperiodic CSI for either CSI-RS resource.  In Rel-13, a UE computes CSI for periodic and aperiodic reporting on one resource at a time, and so aperiodically reporting on a different resource than the resource used for periodic reporting would involve more UE computational effort.  On the other hand, periodic reporting has extremely limited payload sizes, and restricting aperiodic reporting to only one of the eMIMO-types severely limits the information available at eNB for the eMIMO-type when only one CSI process is available.  For example, a slow moving Class A UE may be best served based on subband PMI from aperiodic CSI reports in subframes when many CSI-RS ports are present.  Since many CSI-RS ports with periodic reporting are often considered for the first eMIMO-type, additional support for aperiodic CSI for the first eMIMO-type could better serve such UEs.  We also note that supporting different CSI reporting parameters for aperiodic and periodic CSI reporting will have minimal specification impact: it may be enough to have distinct RRC parameter sets for aperiodic and periodic reports for each eMIMO-type.
Observations:
· When one CSI process is configured, allowing eNB to configure different CSI-RS resources for periodic and aperiodic reports:
· Potentially increases UE reporting complexity
· Enables significantly higher resolution CSI reporting
· Has minimal specification impact; RRC signaling alone may be sufficient
One way to obtain the improved performance of distinct periodic and aperiodic CSI reporting configurations without extra UE complexity is to use the primary and subordinate resource approach above.  One of the two eMIMO-types is designated as the primary eMIMO-type, while the other eMIMO-type is ‘subordinate’.  When the CSI reference resources are close in time, the UE computes aperiodic CSI for the primary eMIMO-type (instead of for the subordinate eMIMO-type), using the approach above and described in more detail below.
While CSI is only updated for one eMIMO-type at a time, CSI for both eMIMO-types may be reported simultaneously without increasing the UE’s CSI processing complexity.  Restricting the eNB to requesting CSI for the primary eMIMO-type only near the times at which the primary eMIMO-Type is transmitted may be too limiting.  Aperiodic CSI is often transmitted opportunistically when there is data in the UE’s buffer, and it can be used to request CSI if a PUCCH report is missed, etc.  Therefore, the CSI for both eMIMO-Types should be transmitted in aperiodic CSI requests.
Proposals:
· Support different CSI-RS configurations for periodic and aperiodic CSI reporting, respectively
· One CSI-RS configuration is ‘primary’, while the other is ‘subordinate’
· UE calculates CSI for only one resource of a pair at a time
· UE reports one eMIMO-Type at a time for P-CSI, and both eMIMO-Types for A-CSI
· The most recent A-CSI is reported if the A-CSI is not updated for a given report
[bookmark: _Ref463008077]Timing with Aperiodic CSI and Primary and Subordinate Resources
When both eMIMO-Types report A-CSI, their reference resource is not known until the time of triggering.  Consequently, it is not possible to compare the primary and secondary eMIMO-type’s reference resources in that case.  However, the primary eMIMO-Type is generally used for long term precoding determination where its CSI-RS resources are transmitted on the order of every 100ms.  This means that the primary eMIMO-Type’s CSI can be updated when new CSI-RS resources arrive, since interpolating in every subframe between CSI-RS occasions will not improve accuracy.  On the other hand, subordinate CSI-RSs are meant to track faster changing CSI, and so Rel-13 reference resource timing is appropriate.
A simple solution then is that the reference resource for the first eMIMO-Type is in the subframe containing the most recent primary CSI-RS resource.  This however, would mean that the reference resource definition for periodic reporting would be different from Rel-13.  Alternatively, using the most recent CSI-RS could be done when only aperiodic reporting is configured for the first eMIMO-Type, otherwise the reference resource for the first eMIMO-Type is set by the periodic reports.  
Given that the reference resource for the first eMIMO-Type is always known, the timing of both aperiodic and periodic CSI reports for the second eMIMO-Type can be compared to the first eMIMO-Type’s reference resource. Therefore, which CSI report to calculate can be determined.  Consequently, it is not necessary to change the reference resource definition for the second eMIMO-Type even when only A-CSI is configured for it.
Observation:
· When both eMIMO-Types report A-CSI, their reference resource is not known until the time of triggering
· Exact reference resource timing is not critical for the first eMIMO-Type, but beneficial for the second eMIMO-Type
Proposals:
· When periodic CSI is not configured for the first eMIMO-Type, its reference resource is in the subframe containing its most recent CSI-RS resource
· Otherwise, the reference resource for the first eMIMO-Type is that set by periodic CSI
[bookmark: _Ref463023016]Support for Aperiodic and Multi-Shot CSI-RS with Hybrid CSI Reporting
Aperiodic and multi-shot CSI-RS will be defined in Rel-14, and so it is necessary to determine if or how they may be used with Hybrid CSI-RS.   Since a UE is triggered to measure only one CSI-RS resource at a time, measuring K>1 Class B CSI-RS resources does not seem possible with aperiodic CSI-RS.  Furthermore, aperiodic CSI-RS and multi-shot CSI-RS are only being specified for Class B, and so Class A+B hybrids could not be supported with aperiodic CSI-RS or multi-shot CSI-RS.  However, multi-shot CSI-RS is designed to allow the UE to measure multiple K>1 CSI-RS resources, and so is compatible with Class B hybrids.
Observations:
· Aperiodic CSI-RS does not support Class A or Class B K>1 reporting with CRI
· Multi-shot CSI-RS does not support Class A, but does support Class B K>1
Proposals:
· CSI-RS for at least 1st eMIMO-type is transmitted periodically
Hybrid CSI Reporting Combinations and Use Cases

· Proposal I: For hybrid CSI with 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, two options
· Option 1: CRI (without CQI/PMI/RI) is reported
· Option 2 (only support K=2): PMI assuming RI=1 for each of the two CSI-RS resources are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· Working assumption: No interdependence in CQI calculation between 1st and 2nd eMIMO-Types
· FFS: for option 1, dynamic CSI-RS resource configuration for the 2nd eMIMO-Type based on CRI reporting 1st eMIMO-Type. 

Proposal I addresses Class B reporting with K>1 for the first eMIMO type, and with K=1 for the 2nd eMIMO-Type.  As such, it is complementary to mechanism 1, which considers Class A reporting for the first eMIMO-type.
However, Proposal I contains 3 distinct behaviors, each addressing optimizations for CSI reporting for different use cases and using different CSI reporting combinations.  Some observations on these behaviors are:
· CRI reporting for the 1st eMIMO-Type
· If all ports are to be measured, CRI may be reported.  This is a straightforward extension of Rel-13 CSI feedback, and allows direct measurement of all antenna ports in all K resources.
· Reporting PMI/RI for up to K=2 CSI-RS resources in the 1st eMIMO-Type
· This may facilitate measuring part of the CSI-RS ports in the array to determine precoding to use for the whole array (‘partial port mapping’).  As such, even fewer resources may be required than CRI based reporting with K resources.  However, reporting multiple PMI reports for the first eMIMO type is a much bigger step, and will likely have significant specification impact.  Having UE measurements of only a subset of the array also implies that there is less direct measurement of channel state information as well as the requirement to have more tightly calibrated eNB transmit chains.  
· Dynamic resource configuration for the 2nd eMIMO-Type based on CRI reporting 1st eMIMO-Type.
· The eNB may use the first eMIMO-type to determine the subset of resources the UE measures in the second eMIMO-type.  This may allow UEs with smaller K capabilities to be assigned better subsets of a large set of K resources.  However, eNB can always adapt CSI-RS according to feedback given that measurement restriction is used, and so it is unclear what gains there are from dynamic resource configuration, and would need to be specified.
Proposal II supports all 3 of these behaviors and the diversity of use cases they represent:
· The UE can report CSI with complexity reduced to that of a single CSI process, while having the full reporting flexibility of two CSI processes for the eMIMO-types.
· More flexible reporting between PUCCH and PUSCH is supported, enabling richer CSI combinations for the first and second eMIMO-type.
· Proposal II can be specified with little effort, without defining new PUCCH reporting types or timing, etc.
Observations:
· There is continued RAN1 interest in diverse, potential use cases and implementations of hybrid CSI-RS reporting 
· Implementations using different combinations of CSI-RS resources in the first and second eMIMO-Types
· Methods allowing selection of resources within the CSI-RS resources of the second eMIMO-Type
· Techniques to reduce UE measurements of CSI-RS resources
· Configurations enabling subsets of ports or beams to be measured per subframe
· Supporting optimized CSI reporting for all these features may be difficult
· Proposal II
· Enables this diversity of use cases and implementation
· Requires very little specification effort

Given this diversity of use cases, it is clearly infeasible to optimize combinations of CQI/PMI/CRI for the two eMIMO types.  Furthermore, as has been shown in [4][5], the performance benefits are in certain scenarios that are not too widespread in Rel-14.  Given the performance benefits, the approach best meeting these differing needs is a general structure with minimum specification impact.

Proposals:
· Hybrid CSI reporting with CSI resource pairs is supported 
· A pair of eMIMO-Types are defined within each CSI process of one or more CSI processes
· A report for either eMIMO-type can contain any Rel-13 CSI, including e.g. CQI, PMI, and RI
· Different CSI-RS resources and/or CSI reporting configurations can be used for PUCCH and PUSCH
· UE calculates one CSI report for only one eMIMO-Type of a pair at a time 
· Which report to calculate is selected according to timing of 1st eMIMO-type
· When periodic CSI is not configured for the first eMIMO-Type, its reference resource is in the subframe containing its most recent CSI-RS resource
· Otherwise, the reference resource for the first eMIMO-Type is that set by periodic CSI
· CSI-RS for at least 1st eMIMO-type is transmitted periodically
· UE reports one eMIMO-Type at a time for P-CSI, and both eMIMO-Types for A-CSI
· The most recent A-CSI is reported if the A-CSI is not updated for a given report
· Mechanisms/options that restrict what CQI/RI/PMI/CRI is reported per eMIMO-type are minimized, preferably to:
· Hybrid CSI reporting with one CSI process, where:
· Class A reporting in the first eMIMO-type
· Class B K=1 in the second eMIMO-type
Conclusion
[bookmark: _GoBack]Various combinations of single CSI process reporting are still under consideration following RAN1#86.  This contribution considers the components of the two proposals for the second mechanism including reporting with resource pairs and timing, aperiodic reporting, the use of periodic and multi-shot CSI-RS, and the various proposed CSI reporting combinations.  We found that there were a wide variety of use cases, and some large variation in the specification impact of the corresponding mechanisms.

Observations:
· There is RAN1 interest in many, diverse, potential use cases and implementations of hybrid CSI-RS reporting 
· Use cases target different eNB implementations, UE complexity simplifications, and/or CSI-RS overheads
· Many different CSI reporting combinations are proposed to support these use cases
· Supporting optimized CSI reporting for all these features may be difficult
· Proposal II
· Enables this diversity of use cases and implementation
· Requires very little specification effort

Proposals:
· Hybrid CSI reporting with CSI resource pairs is supported 
· A pair of eMIMO-Types are defined within each CSI process of one or more CSI processes
· A report for either eMIMO-type can contain any Rel-13 CSI, including e.g. CQI, PMI, and RI
· Different CSI-RS resources and/or CSI reporting configurations can be used for PUCCH and PUSCH
· UE calculates one CSI report for only one eMIMO-Type of a pair at a time 
· Which report to calculate is selected according to timing of 1st eMIMO-type
· When periodic CSI is not configured for the first eMIMO-Type, its reference resource is in the subframe containing its most recent CSI-RS resource
· Otherwise, the reference resource for the first eMIMO-Type is that set by periodic CSI
· CSI-RS for at least 1st eMIMO-type is transmitted periodically
· UE reports one eMIMO-Type at a time for P-CSI, and both eMIMO-Types for A-CSI
· The most recent A-CSI is reported if the A-CSI is not updated for a given report
· Mechanisms/options that restrict what CQI/RI/PMI/CRI is reported per eMIMO-type are minimized, preferably to:
· Hybrid CSI reporting with one CSI process, where:
· Class A reporting in the first eMIMO-type
· Class B K=1 in the second eMIMO-type
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