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[bookmark: _GoBack]Introduction
In RAN1#87, the details of ‘mechanism 1’ for hybrid CSI-RS operation are largely completed with the following agreement on aperiodic CSI reporting:
Agreement:
· For aperiodic CSI reporting for hybrid CSI mechanism 1 
· Either one of CSI for 1st eMIMO-Type (i.e., CSI(1)) and CSI for 2nd eMIMO-Type  (i.e., CSI(2)) is triggered for aperiodic CSI reporting.
· The CSI request field of the same size as the legacy CSI request field is used to jointly indicate the triggered eMIMO-Type and CSI process.
· Reuse the legacy RRC approach for configuration of the trigger 

However, we have found a couple of open issues.  In the email discussion [86b-15] following RAN1#86bis, it was agreed that ‘For both A-CSI and P-CSI reporting, UE calculates CSI for only one eMIMO-Type of a pair at a time’.  How this agreement is to be supported given the above agreement is as yet unclear, since the ability to trigger either eMIMO-Type needs further constraints to avoid computing CSI for both types.  
A second issue is that type B QCL behavior has not yet been addressed in agreements for hybrid CSI-RS.  Consequently, it is  not yet clear how UEs configured for Type B QCL can use hybrid CSI reporting.
[bookmark: _Ref426729914]Enabling UE to compute one eMIMO-Type at a time
As discussed above, either eMIMO-Type can be triggered.  It is generally assumed that the UE is permitted to use up to  subframes to compute CSI, as in Rel-13 aperiodic CSI.  Since  is typically 4 subframes, and since a UE can be triggered in consecutive subframes, under current agreements, there are no mechanisms currently supported that allow the UE to avoid having to compute more than one eMIMO-Type in a subframe.  
Constraints allowing a UE to compute 1 eMIMO-Type in a subframe were discussed in [1] and [2].  We first illustrate the issue considering the solution offered in [1].  The figure below shows where a UE is aperiodically triggered for the two eMIMO-Types in adjacent subframes.  The UE updates the each eMIMO-Type after 4 subframes.  As can be seen in the first 4 subframes, a UE must compute CSI for both eMIMO-Types, which is not compliant with the agreement. 
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[bookmark: _Ref474067245]Figure 1 from [1]: PUSCH-based A-CSI reporting for hybrid CSI mechanism 1

The proposal in [1]  does improve compliance with the agreement, however.  There is a proposed constraint where the UE does not update the CSI for the first eMIMO-Type if it is triggered more than once within a minimum update period.  As can be seen from Figure 1, since the first eMIMO-Type generally has much larger periodicity than the second, this substantially reduces the times that both CSI must be simultaneously calculated.  However, the approach does not reach full compliance with the agreement (e.g. in the first 4 subframes), and also does not address how to solve the problem when periodic CSI reporting is used. 
Observations:
· UEs can be triggered to report either eMIMO-Type in adjacent subframes, and process CSI reports over multiple subframes.  
· Additional behaviors are needed to support the agreement that a UE calculates CSI for only one eMIMO-Type of a pair at a time
· Enforcing a minimum update period for aperiodic CSI can reduce the number of subframes in which a UE must calculate CSI for both eMIMO-Types, but UEs must still calculate CSI for both eMIMO-Types in some subframes
· A minimum update period for aperiodic CSI does not solve the problem for periodic CSI.

We therefore consider an alternative approach for aperiodic CSI reporting in the following, as illustrated in the Figure 2 below. Note that while both eMIMO-Types’ reports are shown, aperiodic reporting selects only one of the reports at a time.  
[image: ]
[bookmark: _Ref474067159]Figure 2: Aperiodic CSI report timing and eMIMO-Type reference resources

We first start with the basic requirement that the UE cannot compute the first eMIMO-Type while computing CSI for the second.   We again assume that the UE is permitted to use up to  subframes to compute CSI, as in Rel-13 aperiodic CSI.  Then, if aperiodic CSI trigger for the second eMIMO-Type comes up to  subframes prior to when the first eMIMO-Type’s reference resource occurs, then the UE may not have time to compute a CSI report for the second eMIMO-Type, and would need to compute CSI for both eMIMO-Types.  Similarly, if the UE receives an aperiodic trigger for the second eMIMO-Type while computing CSI for the first eMIMO-Type, it may not have time to compute the first eMIMO-Type’s CSI report without computing both reports simultaneously.   Therefore, since the eNB should not trigger the second eMIMO-Type in the  subframes prior to and the  subframes including that start with the first eMIMO-Type’s reference resource, those subframes are invalid reference resources for the second eMIMO-Type.

The reports’ timing and relationship to the reference resource is exemplified in the Figure.  Here, second eMIMO type reports corresponding to subframe 0 is available in subframe 4, which is the normal timing.  However, a report for second eMIMO-Type in subframe 8 has a reference resource that falls subframe 4, which is in the invalid reference resource region.  Therefore, the UE would not update the CSI, and so it would correspond to subframe 0.  Similarly, a report in subframe 12 corresponds to the middle of the invalid reference resource region (subframe 8), and again the CSI would not be updated, and correspond to subframe 0.  Finally, a report in subframe 16 is has a reference resource in subframe 12, which is just past the end of the invalid region, and so the report would be updated to correspond to subframe 12.

The first eMIMO-Type has a simpler behavior than the second eMIMO-Type.  Because its CSI-RS resource is typically so far apart, it does not make sense to average the CSI-RS across subframes.  Therefore, it is sufficient for its reference resource to be the subframe in which the CSI-RS occurs.  This means that the UE need only compute CSI for the first eMIMO-Type beginning when the CSI-RS arrives. Consequently it can be triggered at any time.  If the trigger arrives within the  subframes after the CSI-RS, the UE is already computing its CQI, and also should not be triggered for the second MIMO-type based on the above discussion, and so will be able compute CSI with  subframes.  If the trigger arrives before the CSI-RS or  subframes, the old or new CSI will be reported, respectively.  

Because periodic reports have known timing for both eMIMO-Types, and because UEs report either eMIMO-Type on PUCCH in a given subframe, fewer constraints are needed for the reference resource for the second eMIMO-Type.  This is illustrated in Figure 3 below.  Unlike in the aperiodic case, the UE can calculate updated CSI for the second eMIMO-Type all the way until the subframe containing the CSI-RS for the first eMIMO-Type without the possibility of having to compute CSI for the first eMIMO-Type.  This means it is possible to report updated CSI for the second eMIMO-Type even during the  subframes after the CSI-RS containing the first eMIMO-Type.  This can be observed in Figure 3, where CSI for the second eMIMO-Type is computed corresponding to subframes 1, 3, 5, and 7, whereas in Figure 2, CSI for subframe 0 is reported repeatedly through subframe 11.

While the current agreements for periodic reporting tend to have fewer times in which a UE must compute CSI for both eMIMO-Types, there are still occasions in which a UE must compute both.  This is illustrated in Figure 3, where a CSI report for the second eMIMO-Type in subframe 15 corresponds to subframe 11, where the UE is still computing CSI for the first eMIMO-Type.  However, if the subframes where the UE computes CSI for the first eMIMO-Type are not allowed to be reference resource for the second eMIMO-Type, then the UE would not be required to compute CSI for both types simultaneously.

Given that some subframes are invalid reference resources for the UE, a procedure is needed for how to treat periodic reports corresponding to the subframes.  One possibility is to drop the CSI report.  This would avoid using a PUCCH transmission carrying invalid or outdated CSI, but would complicate the PUCCH transmission procedure, and PUCCH resource savings are likely to be small assuming the first eMIMO-Type is transmitted infrequently.  Another possibility is to only update the CSI on PUCCH if the CSI reference resource is valid.  While this does not save PUCCH resource, PUCCH transmissions can be strictly periodic, and eNB can always receive valid (although perhaps outdated) CSI.  Therefore, the approach of updating CSI only if the reference resource is valid seems the best approach.
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[bookmark: _Ref474068580]Figure 3: Periodic CSI report timing and eMIMO-Type reference resources

Proposals:
· To allow a UE to calculate one CSI report for only one eMIMO-Type of a pair at a time
· The reference resource for the first eMIMO-Type is in the subframe containing its most recent CSI-RS resource
· The reference resource for the second eMIMO-Type is not in  subframes, starting with the first subframe containing the reference resource for the first eMIMO-Type
· The reference resource for aperiodic CSI for the second eMIMO-Type is not in the  subframes prior to the first subframe containing the reference resource for the first eMIMO-Type.
· An eMIMO-Type’s CSI report is only updated if the report corresponds to a subframe containing a valid reference resource.
[bookmark: _Ref463023016]Support for Hybrid CSI-RS in UEs configured with Type B QCL
Hybrid CSI reporting is used to adapt beamformed CSI-RS for transmission to one or more targeted UEs.  These UEs measure a set of nonprecoded CSI-RS for a first eMIMO-Type and provide CSI to a serving eNB that enables it to determine the precoding needed for the beamformed CSI-RS.  The beamformed CSI-RS are then used by the UEs to determine CSI for the second eMIMO-Type.  
This behavior assumes that the beamformed CSI-RS are transmitted on the same antenna aperture as the nonprecoded CSI-RS.  If the beamformed CSI-RS were transmitted on a different aperture, then there would be no need for the first eMIMO-Type, since the CSI from the first eMIMO-Type would not help to determine the beamformed CSI-RS precoding.
UEs configured with Type B QCL can assume that RS are not quasi-collocated.  However, quasi-colocation for UEs configured with hybrid CSI reporting has not been discussed in RAN1. 
In Rel-13, a UE configured with Class B K>1 assumes that all K CSI-RS are QCL’d with the same CSI-RS (that is, they have the same value of the qcl-CRS-Info-r11 parameter).  This approach seems fine to meet the constraint that the UE can assume the CSI-RS from the two eMIMO-Types transmitted from one aperture.
It would be possible to have different QCL parameters for CSI in the same CSI process, and leave it to eNB implementation to set the QCL for the two eMIMO-Types to be the same.  However, this would mean UEs supporting multiple CSI processes and multiple eMIMO-Types would have to do frequency tracking with twice as many CRS, which is unwarranted given that it can be assumed that the eMIMO-Types should be quasi-collocated.
Observations:
· Quasi-colocation for UEs configured with hybrid CSI reporting has not been discussed in RAN1
· CSI for the first eMIMO-Type is only useful if its CSI-RS are quasicollocated with the CSI-RS of the second eMIMO-Type
· UE frequency tracking for hybrid operation can be twice as complicated if the eMIMO-Types’ CSI-RSs are not quasi-collocated.
Proposal:
· UEs configured with two eMIMO-Types and Type B quasi-collocation do not expect that CSI-RS resources for the eMIMO-Types have different values of the higher layer parameter qcl-CRS-Info.
Conclusion
This contribution has considered how to resolve two sets of open issues: how to meet the requirement to allow a to UE calculate one CSI report for only one eMIMO-Type of a pair at a time, and what UEs configured for hybrid CSI reporting and with Type B QCL should assume for the quasi-collocation of the eMIMO-Type’s CSI-RS resources.  This led to the following sets of proposals and observations:

1. Regarding calculating one CSI report for only one eMIMO-Type of a pair at a time:
Observations:
· UEs can be triggered to report either eMIMO-Type in adjacent subframes, and process CSI reports over multiple subframes.  
· Additional behaviors are needed to support the agreement that a UE calculates CSI for only one eMIMO-Type of a pair at a time
· Enforcing a minimum update period for aperiodic CSI can reduce the number of subframes in which a UE must calculate CSI for both eMIMO-Types, but UEs must still calculate CSI for both eMIMO-Types in some subframes
· A minimum update period for aperiodic CSI does not solve the problem for periodic CSI.
Proposals:
· To allow a to UE calculate one CSI report for only one eMIMO-Type of a pair at a time
· The reference resource for the first eMIMO-Type is in the subframe containing its most recent CSI-RS resource
· The reference resource for the second eMIMO-Type is not in  subframes, starting with the first subframe containing the reference resource for the first eMIMO-Type
· The reference resource for aperiodic CSI for the second eMIMO-Type is not in the  subframes prior to the first subframe containing the reference resource for the first eMIMO-Type.
· An eMIMO-Type’s CSI report is only updated if the report corresponds to a subframe containing a valid reference resource.

2. Regarding quasi-collocation of the eMIMO-Type’s CSI-RS resources.
Observations:
· Quasi-colocation for UEs configured with hybrid CSI reporting has not been discussed in RAN1
· CSI for the first eMIMO-Type is only useful if its CSI-RS are quasicollocated with the CSI-RS of the second eMIMO-Type
· UE frequency tracking for hybrid operation can be twice as complicated if the eMIMO-Types’ CSI-RSs are not quasi-collocated.
Proposal:
· UEs configured with two eMIMO-Types and Type B quasi-collocation do not expect that CSI-RS resources for the eMIMO-Types have different values of the higher layer parameter qcl-CRS-Info.
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