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Introduction
In RAN1 #89, May 2017 [1] and the associated email correspondence [2], the following parameters of CSI framework were discussed with few agreement.
Agreements:
· Maximum value of Ks for CSI acquisition is no more than 8.

Email discussion till next meeting on the following:
Maximum number of CSI reporting settings (N value), maximum number of resources settings (M value), maximum number of resource sets (S value), the number of links (L), and/or maximum number resources per resource set  (Ks value) in both non-CA and CA scenarios
Further, in RAN1 #88bis, April 2017 [3], the following agreements were made for NR:
Agreement:
Based on at least the supported number S of CSI-RS resource sets and number of CSI-RS resources Ks per resource set, agree to specify one or both of these options for aperiodic CSI-RS
· Option 1: use RRC + MAC CE + DCI 
· Option 2: use RRC + DCI

Further, there was a discussion of the following possible agreements:
Possible agreements:
· NR supports Hybrid CSI Operation
· Configure at least 2 CSI Resource settings and 2 CSI Reporting Settings
· FFS: Dependence between CSI Resource/Report Settings

Prior to the agreements in RAN1 #88bis, the agreements described below were achieved in RAN1 #88, February 2017 [4] for NR:
Agreements:
· For NR, the CSI parameter CRI (CSI-RS Resource Indicator) is supported 
· FFS the applicability to CSI acquisition/beam management
· CRI functionality includes selection and reporting of indices for N out K NZP CSI-RS resources
· FFS: Maximum value of N (Nmax), including the possibility of having Nmax=1
· FFS using CRI to additionally select NZP CSI-RS resources for interference measurement (if supported)
· If Nmax > 1 is supported, the value of N is included in the associated CSI reporting setting
· The maximum value of N  may be a UE capability
· FFS whether N is higher-layer configured or UE selected
Lastly, NR Adhoc, Jan. 2017 [5] also reached the following agreements for NR:
Agreements:
· 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 appilicable
· 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

 All those aforementioned issues are substantially or, at least, considerably dependent on each other; therefore, it is beneficial to build up working assumptions or base lines from an aspect, then connect to each other. As a base line, this contribution discusses the tentative maximum numbers of CSI resource settings, reporting settings, links, resource sets in a resource setting, resources in a resource set along with the number of CRI indices in a CSI reporting. We also provide our view on hybrid CSI and aperiodic CSI-RS signalling. 
Discussion
Maximum number of CRI indices, Nmax 
As aforementioned, RAN1 #88 achieved the agreement that CRI functionality includes selection and reporting of indices for N out of K NZP CSI-RS resources where N . It is for further study (FFS) discussing on maximum size of the parameter N with the possibility of Nmax = 1. In case of Nmax > 1, it is FFS, whether N is configured by higher layer or selected by the UE depending on UE capability. Regarding the CRI report, the number of links in the CSI measurement setting, L, is limited by UE capability; nonetheless, the size of overall CSI measurement and report can be increased to L∙Nmax. In our view, there is no need to define Nmax > 1 even as a UE capability. It increases UE complexity while the performance benefit of reporting CSI for more than one CSI-RS resource is not clear.
Proposal 1: CRI functionality only includes selection and reporting of the index for N=1 out of K NZP CSI-RS resources.
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Maximum values of CSI framework parameters, N, M, L, S, Ks
LTE supports four CSI processes per carrier component (CC) considering multiple TRPs, and 5-CC carrier aggregation (CA); whereas, the recent RAN1 agreement is NR supports up to 16-CC CA. Furthermore, more than two TRPs may be potentially involved in NR CoMP in the future to improve the overall system performance, which results in more the more CSI resource and reporting than CSI processes in LTE. For instance, if three TRPs coordinated for a data transmission, eight CSI processes in LTE need to be possibly considered.
In the case of CSI acquisition, for the purpose of not only the systematic CSI framework but also the efficient management of it, we propose the followings.
Proposal 2: In CSI acquisition, it can be considered that each CC has an individual CSI resource setting apart from other CCs, and each resource set in a resource setting is mapped to a CSI process in LTE.

Proposal 3: In CSI acquisition, it can be considered that the maximum number of resource sets per resource setting, S is 4 in the scenario of two TRPs in CoMP transmission and reception; in case of three-TRP CoMP, S = 8. 

Proposal 4: In CSI acquisition, it can be considered that the maximum number of resource settings, M is at least, 16 (M ≥ 16) reflecting 16-CC CA to be supported by NR based on the RAN1 agreement.

Proposal 5: In CSI acquisition, it may be considered that resource settings associated with a given CA is linked to at least one reporting setting. In this case, NR may consider at least, L = 16. Further, the maximum number of resource settings, M is at least, 16 (M ≥ 16) reflecting 16-CC CA to be considered by NR based on the RAN1 agreement.

The present agreement on KS is that in CSI acquisition, KS ≤ 8. On the other hand, beam management (BM) requires significant number of CSI resource; consequently, we additionally propose the following at this stage.
Proposal 6: In BM, much greater value of maximum KS need to be considered, and the detailed number is dependent on the detailed agreements in BM in the future.

Hybrid CSI
In Rel-14 eFD-MIMO, hybrid CSI framework has been adopted to jointly configure long-term and short-term CSI processes to save signaling, CSI overhead and UE complexity. In contrast, NR should support flexible and independent configuration of CSI reporting settings and resource settings. Furthermore, present agreements on NR CSI framework allows CSI measurement setting to configure multiple links from a given CSI reporting setting to multiple resource settings. Consequently, the additionally required configuration parameters to indicate the relationship of periodicities and offsets among the associated resource settings and CSI reporting settings may become complicated beyond the tolerable level in hybrid CSI. For the aforementioned rationale, our proposal regarding hybrid CSI is as follows.
Proposal 7: Hybrid CSI can be supported by independent configurations of resource settings and report settings.

Aperiodic CSI-RS 
NR supports the configuration of S≥1 multiple CSI-RS resource sets in a given resource setting; each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE. In turn, each resource set s has Ks ≥1 CSI-RS resources with the associated configuration including at least: mapping to REs, the number of ports, time-domain behavior, etc. Hence, resource settings in NR can include significant number of CSI-RS resources with the corresponding different time-domain behaviors. Once they are configured via RRC signaling, MAC CE along with DCI signaling may down-select the desired CSI-RS resources in a manner of hierarchical selection, which is aligned with Option 1 below. However, it will increase the complexity of the signaling in both gNB and UE sides.
· Option 1: use RRC + MAC CE + DCI 
· Option 2: use RRC + DCI
On the other hand, utilizing RRC along with DCI signaling can reduce the aforementioned complexity, which corresponds to Option 2. In case of Option 2, pursuing efficient down-selection of CSI-RS resources, the aperiodic CSI-RS resource set with time-domain behaviors of each aperiodic CSI-RS resources can be configured at the resource setting, and indicated to the UE via RRC signaling. In other words, the gNB configures a certain resource set as aperiodic CSI-RS resource set in the associated CSI resource setting. With the aid of this concrete configuration of the aperiodic CSI-RS resource set, DCI without MAC CE signaling can efficiently trigger the desired aperiodic CSI-RS resources without MAC CE. 
Based on our view and discussion above, we propose
Proposal 8: Aperiodic CSI-RS is configured and triggered via RRC + DCI signaling.
Proposal 9: A CSI-RS resource set is configured in the CSI resource setting for a specific UE.

Summary 
In this contribution, we discussed NR CSI framework; particularly we proposed
Proposal 1: CRI functionality only includes selection and reporting of the index for N=1 out of K NZP CSI-RS resources.
Proposal 2: In CSI acquisition, it can be considered that each CC has an individual CSI resource setting apart from other CCs, and each resource set in a resource setting is mapped to a CSI process in LTE.

Proposal 3: In CSI acquisition, it can be considered that the maximum number of resource sets per resource setting, S is 4 in the scenario of two TRPs in CoMP transmission and reception; in case of three-TRP CoMP, S = 8. 

Proposal 4: In CSI acquisition, it can be considered that the maximum number of resource settings, M is at least, 16 (M ≥ 16) reflecting 16-CC CA to be supported by NR based on the RAN1 agreement.

Proposal 5: In CSI acquisition, it may be considered that resource settings associated with a given CA is linked to at least one reporting setting. In this case, NR may consider at least, L = 16. Further, the maximum number of resource settings, M is at least, 16 (M ≥ 16) reflecting 16-CC CA to be considered by NR based on the RAN1 agreement.

Proposal 6: In BM, much greater value of maximum KS need to be considered, and the detailed number is dependent on the detailed agreements in BM in the future.

Proposal 7: Hybrid CSI can be supported by independent configurations of resource settings and report settings.
Proposal 8: Aperiodic CSI-RS is configured and triggered via RRC + DCI signaling.
Proposal 9: A CSI-RS resource set is configured in the CSI resource setting for a specific UE.
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