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Introduction
While the details of ‘mechanism 1’ for hybrid CSI-RS operation were fleshed out in RAN1#86bis and in following email discussions, it still has some open issues, primarily with respect to aperiodic CSI reporting.  Email discussions [86b-14] and [86b-15] reached the following decisions regarding A-CSI reporting:
Conclusion: (for email discussion [86b-14])
Two alternatives to be down-selected in RAN1#87:
Alt1. Proposal in R1-1610731
    •    For aperiodic CSI reporting for hybrid CSI-RS mechanism 1 
        –    Either one of CSI for 1st eMIMO-Type (i.e., 1st CSI) and CSI for 2nd eMIMO-Type  (i.e., 2nd CSI) is triggered for aperiodic CSI reporting 
    •    CSI request field in UL grant DCI is used to indicate either one of the two. FFS on number of bits
        –    For 1st eMIMO-Type, encoding mechanism/mapping on PUSCH is FFS.
        –    For 2nd eMIMO-Type, legacy CSI encoding/mapping on PUSCH is reused.
       –    FFS: support of eCA
Alt2. Report both eMIMO-Types, but the UE is only required to update one of the two eMIMO-Types 
· Example a: A method analogous to Rel.13 CSI relaxation 
· Example b: cf. R1-1609853 section 2.2.2. For this solution, the reference resource definition for the 1st eMIMO-Type needs to be changed.
· [R1-1609853] “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”
· Note: This alternative does not preclude UE's CSI updates on both eMIMO-Types
Agreement: (for email discussion [86b-15])
For mechanism 1: 
· A UE can be simultaneously configured with both A-CSI and P-CSI 
· For both A-CSI and P-CSI reporting, UE calculates CSI for only one eMIMO-Type of a pair at a time 
· Support A-CSI (PUSCH-based) reporting for both 1st and 2nd eMIMO-Types based on the following joint configuration approach 
· Only the A-CSI reporting mode of the 2nd eMIMO-Type is configured, whereas the reporting content of the 1st eMIMO-Type (i1 and RI) is fixed 
· A-CSI configuration does not apply to the content of the 1st eMIMO-Type
· Details about triggering to be decided in RAN1#87 (discussed in Youngwoo’s [86b-14])
· In RAN1#87, decide the need for supporting (and, if supported, the details of) at least one of the following combinations where CSI reporting modes for 1st and 2nd eMIMO-Types are independently configured. 
· ‘P’ and ‘A’ refers to periodic and aperiodic CSI reporting for an eMIMO-Type 
	Combination 
	1 
	2 
	3 

	1st eMIMO-Type 
	P 
	A 
	P and/or A 

	2nd eMIMO-Type 
	A 
	P 
	P and/or A


· If combination 1 is supported, down-select from the following options 
· Opt-1: Use legacy CSI reporting configuration for the 1st eMIMO-Type 
· Opt-2: Both the A-CSI and P-CSI parameters are configured for the 2nd eMIMO-Type, and UE only reports A-CSI.
This contribution considers how to resolve these open A-CSI reporting issues, as well as how to address aperiodic and ‘multi-shot’ CSI-RS for hybrid CSI reporting.
[bookmark: _Ref426729914]Periodic and Aperiodic CSI Reporting and Combinations
According to the agreement in the [86b-15] email discussion, both eMIMO-Types can be configured with aperiodic CSI reporting (‘A+A’) or periodic CSI reporting (‘P+P’).  It is to be further decided if: 
· The first eMIMO-Type can be restricted to only periodic reporting with the second eMIMO-Type restricted to only aperiodic reporting (‘P+A’), or 
· The opposite case with aperiodic and periodic on the two eMIMO-Types, respectively, (‘A+P’), or
· Each eMIMO-Type can be independently configured for either or both of aperiodic and periodic reporting (‘{A,P}+{A,P}’).

The outcome of the [86b-14] email discussion is to select one of two alternatives:
· Alt 1. Trigger one of the two eMIMO-Types, selecting the eMIMO-Type using the CSI request field in DCI
· Alt 2. Report both eMIMO-Types, but the UE is only required to update one of the two eMIMO-Types 

One straightforward implication of Alt 1. is that an additional bit is required in DCI, and this bit is present in every subframe.  Similarly, Alt 2 requires that i1 (and perhaps an RI(1)) is  present in every aperiodically triggered report.  If we assume that CSI is triggered once every 10ms or less frequently, and given that PUSCH reporting is relatively efficient compared to PDCCH, then it would seem that the uplink overhead with Alt.2 should be lower than the equivalent downlink overhead in Alt.1.  Furthermore, we note that Rel-13 reporting is equivalent to reporting both eMIMO-Types, and so such uplink overheads can already be supported.
We note that given the agreement from [86b-15], it is supported that the first eMIMO-Type will always report i1 (and in some cases RI(1)), a new aperiodic reporting behavior than Rel-13 is required, if the first eMIMO-Type is reported separately from the second eMIMO-type. On the other hand, if` both eMIMO-Types are reported, all CSI components can be reported as in Rel-13, if RI(1), is not reported. If RI(1) is reported and both eMIMO-Types are reported, one additional bit of RI is needed.  This is a much smaller change than the separate reporting case.

Observations:
· Independent triggering of the two eMIMO-Types does not seem to be advantageous in terms of overhead as compared to triggering both eMIMO-Types with one CSI trigger.
· Separate triggering requires more new aperiodic reporting content compared to Rel-13 than if both eMIMO-Types are reported together.
Then considering each of the reporting combinations:
(A+A)
As observed above, if one of the eMIMO-Types is reported, a new aperiodic reporting behavior than Rel-13 is required, whereas if` both eMIMO-Types are reported, all CSI components can be reported as in Rel-13, at least for 2 layer capable UEs. 
(P+A)
This configuration either needs to use legacy reporting configurations for the first eMIMO-Type (‘Opt-1’) or to configure both P-CSI and A-CSI parameters for the second eMIMO-Type (‘Opt-2’).  
For Opt-1, if only the first eMIMO-Type is triggered, the Rel-13 PUSCH reporting mechanism could be used, since legacy reporting can be configured.  This would be additional reporting content as compared to (A+A) with separate reporting.  However, a side benefit would be that more CSI is available for the first eMIMO-Type.
For Opt-2, if only the first eMIMO-Type is triggered, a new reporting configuration for PUSCH is needed, and is the same as for the case of (A+A) since periodic and aperiodic reporting have the same payload for the first eMIMO-Type.   
Note that if only the second eMIMO-Type is triggered, legacy reporting on PUSCH is used.  
If both eMIMO-Types are reported, as in the (A+A) case, all CSI components can be reported as in Rel-13.
(A+P)
In this case, the (wideband) reporting configuration for the first eMIMO-Type in the (A+A) configuration can be used for the first eMIMO-Type.  Also, legacy periodic CSI reporting configurations can be used for the second eMIMO-Type.  
If both eMIMO-Types are reported, as in the (A+A) case, all CSI components can be reported as in Rel-13, or at most an additional bit for RI(1) needs to be reported.
({A,P}+{A,P})
In addition to the combinations (P+P), (A+A), (A+P), and (P+A), this configuration also supports (AP+A), (A+AP), and (AP+AP).  Since in all three of the new cases, aperiodic reporting is configured for both eMIMO-Types, it is possible to treat (AP+A), (A+AP), and (AP+AP) in the same way as (A+A): only aperiodic reporting is generated.  

Observations:
· Reporting only one of the eMIMO-Types tends to complicate how the reporting is configured, for example requiring special treatment in the (P+A) case for the first eMIMO-Type.
· Reporting both of the eMIMO-Types on PUSCH seems to require a minimum of new behavior beyond that of Rel-13, presuming that aperiodic configurations are available for the first eMIMO-Type. 
· Independently configuring each eMIMO-Type for either or both of aperiodic and periodic reporting does not seem to add more reporting complexity than the case where each eMIMO-Type can be only one of periodic or aperiodic.
Proposals:
· Both eMIMO-Types are reported when A-CSI is triggered.
· Each eMIMO-Type can be independently configured for either or both of aperiodic and periodic reporting
Use of Aperiodic Reporting with Primary and Subordinate Resources
Regardless of whether CSI for both eMIMO-Types is reported, the UE could have to compute CSI for both eMIMO-Types in every subframe, since the UE could be triggered for either eMIMO-Type in any subframe.  From a UE complexity viewpoint, it is clearly desirable to calculate only one report for one of the two eMIMO-Types.
One way to avoid extra complexity with hybrid aperiodic CSI reporting configurations is to use the primary and subordinate resource approach [1][2][3].  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), as described in more detail in the Appendix.
Proposals:
· UE calculates CSI for only one resource 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 
· The first eMIMO-Type is designated as ‘primary’, while the second is ‘subordinate’
· 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 (first) and subordinate (second) eMIMO-type’s reference resources in that case.  However, the first 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 first 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, the 2nd eMIMO-Type is 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 CSI-RS resource for the first eMIMO-Type.  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 if Class B K>1 is defined for the first eMIMO-Type.
Proposal:
· CSI-RS for at least 1st eMIMO-type is transmitted periodically
Conclusion
This contribution has considered how to resolve open A-CSI reporting issues for hybrid mechanism 1, as well as how to address aperiodic and ‘multi-shot’ CSI-RS for hybrid CSI reporting.  Given the observations made, we propose:

Proposals:
· Each eMIMO-Type can be independently configured for either or both of aperiodic and periodic reporting
· 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
· [bookmark: _GoBack]The most recent A-CSI is reported if the A-CSI is not updated for a given report
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Appendix: Reference Resource Timing and Reporting Priorities
The figure below illustrates how CSI for one eMIMO-Type can be computed for only one of the 1st or 2nd eMIMO-Types at a time.  In this example, 32 port CSI-RS transmission for the 1st eMIMO-Type occurs once every 80 subframes, whereas a 2 port CSI-RS resource is transmitted once every 5 subframes for the 2nd eMIMO-Type.  Note that the reference resource is shown, and the actual CSI-RS transmission may be in the same or a different subframe than the reference resource.  Periodic CSI reporting using RI, PMI, and CQI is shown for the sake of example.  The 32 port codebook based reporting is assumed to have the same structure as LTE Rel-13 16 port reporting, wherein PUCCH transmissions in a subframe contain either RI, i11 and i12, or i2 and CQI, and i2 and CQI is time multiplexed with i11 and i12 in subframes labeled with ‘PMI, (CQI)’.  The 2 port reporting transmissions in a subframe contain either RI or PMI and CQI.
The UE calculates and reports CSI for only the CSI associated with the 1st eMIMO-Type if the reference resource for the 1st eMIMO-Type’s CSI resources occurs in the subframes between the 2nd eMIMO-Type CSI report and the reference resource for the 2nd eMIMO-Type CSI report.  Otherwise, the 2nd eMIMO-Type CSI is reported.  This is shown where the first subframe of a potential 2nd eMIMO-Type CSI port beginning in subframe 4 has a reference resource in subframe n-ncqi_ref,2.  The first subframe of the 1st eMIMO-Type CSI report beginning in subframe 6 has a reference resource in subframe n-ncqi_ref,1.  In this example, ncqi_ref,2 and ncqi_ref,1 are both 4 subframes, and so the reference resource for the potential 2nd eMIMO-Type CSI report is in subframe 0. The 1st eMIMO-Type 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 2nd eMIMO-Type CSI report and the reference resource for the potential 2nd eMIMO-Type CSI report.  Therefore, the 2nd eMIMO-Type CSI will not be calculated or reported in subframes 4 and 5, as indicated by the diagonal lines through the RI and PMI,CQI 2nd eMIMO-Type reports in the figure, while the 1st eMIMO-Type CSI is reported in subframes 6-8.  
[image: ]
[bookmark: _Ref450916724]Figure 1: Calculating one of 2 eMIMO-Types 

While the figure illustrates the behavior for periodic CSI, the behavior for aperiodic CSI is essentially the same.  (Please note that we address aperiodic CSI, not aperiodic CSI-RS: that is covered in Section 5.) The UE does not calculate new aperiodic CSI for the 2nd eMIMO-Type if the 1st eMIMO-Type CSI reference resource falls between the 2nd eMIMO-Type reference resource and the 2nd eMIMO-Type 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 4.
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