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Introduction
In the January RAN1 NR adhoc after RAN1#87, the previously agreed NR CSI framework was updated to the following:

Agreements:
· Refine the agreement on RS and IM settings as follows:
· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement
· Remove “IM setting”
· Terminology clarification
· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links
· Each of the L links corresponds to a CSI reporting setting and a Resource setting
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly
· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)
· One CSI reporting setting can be linked with one or multiple Resource settings
· Multiple CSI reporting settings can be linked with the same Resource setting
· At least following are dynamically selected by L1 or L2 signaling, if applicable
· One or multiple CSI reporting settings within the CSI measurement setting
· One or multiple CSI-RS resource sets selected from at least one Resource setting
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set

The independence of reporting and resource settings means this framework has a rather more general structure than an LTE CSI process.  Despite some progress on UE capability for CSI reporting delay in RAN1 email discussion [91-NR-06] [2], it is still not clear what CSI processing capability is expected of the UE.  This contribution builds on the agreements of [91-NR-06], suggesting a basic measure of CSI reporting capability that limits the complexity of supporting N different CSI reporting configurations while allow these reports to be used flexibly by the network.

Discussion
NR UE capabilities are now being discussed, including CSI reporting capabilities.  The CSI reporting capability definitions currently being discussed in RAN1 are [1]:

	#
	Feature group
	Components
	Prerequisite feature groups 

	Need of FDD/TDD differentiation

	2-11
	Type I CSI feedback framework
	1. Maximum number of periodic CSI report setting = 1 (or 2 across CCs if max ports per resource is 16)
2. Maximum number of aperiodic CSI report setting = 1 (or 2 across CCs if max ports per resource is 16)
3. Maximum number of semi-persistent CSI report setting = 1 (or 2 across CCs if max ports per resource is 16)
4. Maximum number of links between CSI reporting settings and resource settings 
5. Support aperiodic feedback on sPUCCH
6. Support of omission of part 2 for PUSCH based reporting.
	
	No need




The above approach to defining CSI reporting capability as the number of distinct CSI reports (using different measurement links as above or different report settings) that a UE has is straightforward, and was the principle used to design CSI processes in LTE Rel-10.  A similar approach was used in defining CSI processing capability for Rel-13 Class B K>1 reporting, where UEs must calculate CSI simultaneously for all K different CSI resources. However, these reporting structures also require the worst case processing for a UE, since UEs are then required to process CSI reports for all processes or resources simultaneously.  

Rel-13 significantly improved the amount of information that can be provided by one single CSI process through measurement restriction, where UEs compute CSI only using measurements in a given subframe. This allows the measurement resources to be reused over time for different combinations of serving and interfering layers in the different subframes.  However, the reporting configurations per CSI process (e.g. codebook, number of ports, CSI-RS resource, and CSI-IM) are fixed which imposes a strict uniformity to what can be measured.  This too was relaxed somewhat in Rel-13 for Class B K>1, since each of the K resources can be associated with a different CSI reporting configuration.  But in this case the UE selects the CSI resource to report on, which again limits the information an eNB obtains for a given amount of UE CSI processing.

Strictly homogeneous CSI reporting is incompatible with the NR CSI framework, which was designed to support very flexible CSI feedback for a wide variety of use cases with a unified, hopefully simpler, structure.  For example, hybrid CSI-RS operation can require the UE to report CSI for both a large and a small CSI-RS resource, which would require twice the CSI computation capability if each is assumed to be computed independently.  UE measurement or emulation of different interference combinations is similar: different combinations of CSI should be able to reuse the same computation capability, and not require fully independent CSI computation capabilities for each of the combinations.

Observations:
· Defining CSI reporting capability as the number of reporting configurations (as is done in LTE Rel-10) would severely limit the flexibility that is fundamental to the NR CSI reporting framework.
· While measurement restriction enables a CSI-IM or an NZP CSI-RS to have e.g. different interference or beamforming in different transmissions, it does not enable different CSI reporting configurations to be used in different transmissions, and so can’t be used to support the N CSI reporting configurations in the NR CSI framework.

A first step would be to only require the UE to calculate one CSI report at a time, but where the report configuration can vary.  A simple approach using the NR CSI framework is to assume the UE can calculate only one, but any one, CSI report of its N CSI reporting settings at any given point in time.  Once a UE begins computing the CSI report, it is required to finish within some defined time period (as is done in LTE), denoted here as ‘Tc’.  Because the network knows this computing delay, it can then assume the UE can compute a new report as soon it is done with the prior report.  Ideally, Tc would be smaller for simpler CSI computations (type I vs. type II, 16 ports vs. 2 ports, rank 4 vs. rank 2, etc).  

This approach is diagrammed in Figure 1 below, for an example where a UE reports on two different interference hypotheses on two different CSI-IMs with a common NZP-CSI RS.  In the figure, CSI reports CSI1 and CSI2 corresponds to CSI derived from the NZP CSI-RS and CSI-IM1 and CSI-IM2, respectively. The CSI reports are aperiodically triggered in this example, although the same principles apply to the periodic case.  A CSI1 report is triggered in slot 1, computed until slot 5 where it carries the computed CSI for a measurement #1 of CSI hypothesis 1. A CSI report CSI2 is triggered in slot 3, while the report computation is ongoing for CSI1.  Since the UE is already busy with one report, the UE does not compute a new value for measurement #1 of CSI hypothesis #2, and instead reports CSI that it computed previously.  On the other hand, when CSI report CSI2 is triggered in slot 15, the UE has just completed computing CSI1 #2, and is able to compute CSI for measurement #2 of CSI hypothesis #2.

[image: ]
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A high level definition for the time it takes to calculate a CSI report for a PUSCH carrying only CSI was agreed in email discussion [91-NR-06] after RAN1#91 [2].  This time (‘Z’) is in units of symbols and is a function of if subcarrier spacing is 15, 30, 60, or 120 kHz and on if CSI computational complexity is ‘low’ or ‘high’ (multiple values of high complexity are FFS).  Z includes the minimum required number of symbols for PDCCH detection/decoding for receiving the CSI reporting triggering DCI, channel estimation, and CSI calculation.  Therefore, it is quite similar to Tc as defined above, including the dependence on CSI computation complexity.  However, it only addresses the case where an aperiodic trigger is used, since Z includes the time to decode PDCCH carrying the trigger.  This can be generalized to the case where periodic or semi-persistent reporting is used by simply removing the decoding time; only channel estimation and CSI calculation delay are needed, since the time to which the CSI corresponds is known apriori in these cases.
The above approach is one mechanism to enable the UE to share its computation capability among different reporting configurations, and alternative mechanisms can be further discussed.  The key principle to establish at this stage is that a UE is able to update CSI for any one of N CSI reporting settings that it is configured with, but only one at a time over some duration.  In order to scale UE CSI reporting capability beyond a single report at a time, it needs to be quantified.  We therefore propose:

Proposals:
· A CSI reporting capability unit is defined where
· For each unit, a UE is able to update CSI for as early as Tc seconds after the time to which the CSI corresponds
· Tc includes at least the time needed for channel estimation and CSI calculation
· For an aperiodic CSI report trigger, Tc=Z additionally includes the time to decode PDCCH carrying the trigger
· Where Z is defined according to the outcome of email discussion [91-NR-06]
· It should be able to report for any one of the N CSI report settings that the UE is configured with, but only one at a time for the given unit
· There is a ‘low complexity’ and ‘high complexity’ values of Tc corresponding to each of 15, 30, 60, and 120 kHz
· The number of CSI reporting capability units the UE can support is a UE capability
· If a UE can support multiple such units, it is expected to process them in parallel
Conclusion
This contribution has addressed high level CSI reporting capability aspects of NR, leading to the following observations:

Observations:
· Defining CSI reporting capability as the number of reporting configurations (as is done in LTE Rel-10) would severely limit the flexibility that is fundamental to the NR CSI reporting framework.
· While measurement restriction enables a CSI-IM or an NZP CSI-RS to have e.g. different interference or beamforming in different transmissions, it does not enable different CSI reporting configurations to be used in different transmissions, and so can’t be used to support the N CSI reporting configurations in the NR CSI framework.

These observations lead to the need for a basic measure of CSI reporting capability that limits the complexity of supporting N different CSI reporting configurations while allowing these reports to be used flexibly by the network.  

Since the basic notion of UE capability for reporting delay of one CSI report has been defined in RAN1 email discussion [91-NR-06], the next step is to identify how UE capability works for multiple reports.  At the high level, our key proposal is that a UE is able to update CSI for any one of N CSI reports that it is configured with, but only one at a time over some duration.  In more detail, we propose:

Proposals:
· A CSI reporting capability unit is defined where
· For each unit, a UE is able to update CSI for as early as Tc seconds after the time to which the CSI corresponds
· Tc includes at least the time needed for channel estimation and CSI calculation
· For an aperiodic CSI report trigger, Tc=Z additionally includes the time to decode PDCCH carrying the trigger
· Where Z is defined according to the outcome of email discussion [91-NR-06]
· It should be able to report for any one of the N CSI report settings that the UE is configured with, but only one at a time for the given unit
· There is a ‘low complexity’ and ‘high complexity’ values of Tc corresponding to each of 15, 30, 60, and 120 kHz
· The number of CSI reporting capability units the UE can support is a UE capability
· If a UE can support multiple such units, it is expected to process them in parallel
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