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Introduction
In RAN1#87, the following agreement on DL MIMO was made [1]: 
	Agreements A:
· A UE can be configured for CSI acquisition with the following features:
· N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings and J IM settings
· A CSI reporting setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· Frequency-granularity, at least for PMI and CQI
· FFS: Which CSI parameters are reported
· If PMI is reported, PMI Type (Type I or II) and codebook configuration 
· An RS setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· RS type which encompasses at least CSI-RS
· RS resource set(s) of K resources
· An IM setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· IM types which encompasses CSI-IM
· FFS: RS setting and IM setting can be merged
· A CSI measurement setting includes at least the following :  
· One CSI reporting setting
· One RS setting
· One IM setting
· For CQI, reference transmission scheme setting
· Study the possibility of configuring a UE with multiple CSI measurement settings including dynamic indication to select a preferred CSI measurement setting
· Including selection of resource(s) out of the K resources within an RS setting
· UE supports up to L CSI measurement
· Value of L may depend on the UE capability

Agreements B:
· For CSI reporting for a component carrier, at least three different frequency granularities should be considered in the study
· Wideband CSI
· Wideband size is determined by UE RF capability of receiving DL signal. 
· Location of wideband could be configurable by network.
· For example, used for analog beam management at least.
· Partial band CSI
· Alt1. UE-specifically configurable bandwidth 
· Alt2. The size is determined by the composition of numerologies or scheduling time units within the UE-specific wideband.
· Applicable only when different numerology or scheduling time unit are multiplexed within wideband. 
· For example, used for analogue beam management
· For example, used for managing CSI per service at least
· Subband CSI
· The band size is determined by dividing wideband or partial band to multiple bands.
· For example, used for frequency selective scheduling and subband precoding at least
· Possible down selection and/or merge of above granularities can be studied
· Combination of above frequency band CSI also needs to be studied



In this contribution, the following issues related to the highlighted parts are addressed:
1. Terminology inconsistency for CSI measurement setting
2. The need for a separate setting for IM
3. Further details for CSI-related setting 
4. CSI reporting frequency granularity
5. Signaling mechanisms for CSI-related configuration 

Terminology inconsistency for CSI measurement setting
1 
2 
In agreement A, the 1st sub-bullet of the 1st bullet indicates that a UE can be configured with “N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting”. This implies that there is only one CSI measurement setting per UE. However, the 5th sub-bullet of the 1st bullet and the 3rd bullet indicate that a UE can be configured with multiple (L) CSI measurement settings where each CSI measurement setting links at least one RS setting (and possibly at least one IM setting) with at least one CSI reporting setting. 
This inconsistency can be resolved by following the second definition (in the 5th sub-bullet of the 1st bullet). Therefore, the statement in the 1st sub-bullet of the 1st bullet should be amended accordingly. 

Proposal: Clarify the agreement on RAN1#87 that a UE can be configured for CSI acquisition with L≥1 CSI measurement settings, where each CSI measurement setting links one CSI reporting setting with one RS setting (and/or one IM setting, if a separate IM setting is defined).

[bookmark: _GoBack]By associating one CSI measurement setting with a linkage between one CSI reporting setting (which amounts to CSI calculation) and one RS setting (which amounts to channel or interference measurement), L represents the number of CSI measurement-calculation “threads” which a UE is required to perform or manage. Therefore, L is closely related to CSI-related computational complexity that a UE can handle. The maximum supportable value of L can then be related to a UE capability. 
This is illustrated in Figure 1 with N=4, M=4, and L=5. Here two CSI reporting settings can be associated with one CSI-RS setting. This is applicable, for instance, when both periodic and aperiodic CSI reporting are applied for one CSI-RS setting. Conversely, one CSI reporting setting can be associated with two CSI-RS settings. This is relevant, for instance, when CSI is calculated using NZP CSI-RS and CSI-IM for coordination and MU-MIMO scenarios.    
To illustrate how the above setup is used for various purposes, the following Rel.14 LTE-based scenarios can be implemented as follows:
· Rel.14 LTE hybrid CSI mechanism 1 with Class A + Class B K=1 can be implemented with N=2, M=2, and L=2 where the first CSI reporting setting (with CRI and CQI turned OFF) is linked with, e.g. 1-resource 32-port CSI-RS setting while the second CSI reporting setting is linked with, e.g. 1-resource 4-port CSI-RS setting. 
· A UE can be configured with an analogue to both Rel.14 P-CSI and A-CSI associated with one NZP CSI-RS resource configuration by setting N=2, M=1, and L=2 where the first CSI reporting setting is configured with periodic reporting and the second with aperiodic reporting. Both CSI reporting settings are linked to the same CSI-RS setting.



[bookmark: _Ref462624962]Figure 1 Example of using N=4 CSI reporting settings, M=4 RS settings, and L=5 CSI measurement settings

The need for a separate setting for IM
3 
4 
Since resources used for interference measurement (CSI-IM) resemble CSI-RS resources with zero power, there is no strong reason to specify a separate IM setting. For example, by setting RS power to ZERO (or, more generally, NULL) relative to data, the UE can partially infer whether an RS setting corresponds to NZP CSI-RS or IMR/CSI-IM. 
Furthermore, since it has been decided that CSI-RS pattern (including time/frequency density, time duration, and frequency span) can be configured, IMR/CSI-IM can share a common set of patterns with NZP CSI-RS (or a subset thereof). Lastly, the same time-domain behaviors (aperiodic, semi-persistent, periodic) can be supported for IMR/CSI-IM. Whether one RS setting can include only one RS power setting or two (one setting for ZP, the other for NZP) can be further discussed. 
Therefore, to avoid an unnecessary increase of the number of CSI-related settings, IM setting can be incorporated into RS setting as described above.

Proposal: IM setting is incorporated into RS setting (hence a separate IM setting is not needed): 
· IMR/CSI-IM resources can be configured by setting RS power to ZERO/NULL while sharing a common set of patterns with NZP CSI-RS
· Time-domain behavior follows that of CSI-RS

Further details for CSI-related setting
In this section, some additional configurations for each of the three settings are given.
[bookmark: _Ref465464556]CSI measurement setting 
Since we propose to merge IM setting into RS setting, the agreement in RAN1#87 can be refined as follows: a UE can be configured for CSI acquisition with N≥1 CSI reporting settings, M≥1 RS settings, and L≥1 CSI measurement settings, where each CSI measurement setting links at least one CSI reporting setting with at least one RS setting.

Proposal: A UE can be configured for CSI acquisition with N≥1 CSI reporting settings, M≥1 RS settings, and L≥1 CSI measurement settings, where each CSI measurement setting links at least one CSI reporting setting with at least one RS setting.
CSI reporting setting 
CSI reporting setting consists of settings associated with CSI parameters. 
As agreed for Type I feedback, at least four CSI parameters are supported: resource selection indicator (analogous to CRI), RI, PMI, and CQI. In LTE, RI is calculated conditioned on CRI, PMI on CRI/RI, and CQI on CRI/RI/PMI, respectively. When a CSI parameter is not reported, any dependencies on the parameter are skipped (e.g. when K=1 beam/resource is used, CRI is unnecessary; for TDD use cases, PMI may not be necessary). The same CSI calculation dependency order can be adopted for NR. For Type II linear combination (LC), the primary focus is to report a high-resolution PMI feedback. In particular, when used for explicit feedback, CSI parameters such CRI and CQI are not needed. For each of the two types, codebook configuration (possibly incorporating subset selection) can be included.
Based on the above discussion, at least the following additional features (on top of the agreement in RAN1#87) should be supported within a single CSI reporting setting: 
· Which CSI parameters (CRI, RI, PMI, and CQI) are reported
· Each of the CSI parameters can be switched ON/OFF
· CSI calculation dependency order follows LTE 
· If PMI is reported, PMI Type (Type I or II) and codebook configuration 
RS setting 
To acquire DL CSI, several types of RS can be used. Here, CSI-RS and SRS (for reciprocity-based use cases) can be used for this purpose. Here, CSI-IM can be considered as another type of RS or a special setting (e.g. power level) of CSI-RS. Especially for CSI-RS, whether the CSI-RS is Level I or II should also be accounted (see our companion contribution [2]). 
Just as CSI reporting, so the time-domain behavior of CSI-RS or SRS transmission should be a part of the RS configuration. Likewise, since configurable RS pattern has been agreed in RAN1#86bis, the choice of RS pattern can be configured as well. 
Based on the above discussion, at least the following additional features (on top of the agreement in RAN1#87) should be supported within a single RS setting: 
· RS type also includes SRS 
· RS pattern
· RS power, which includes ZERO/NULL for CSI-IM

Proposal: At least the following additional information (on top of the agreement in RAN1#87) should be supported
· In one CSI reporting setting:
· Which CSI parameters (CRI, RI, PMI, and CQI) are reported
· Each of the CSI parameters can be switched ON/OFF
· CSI calculation dependency order follows LTE 
· If PMI is reported, PMI Type (Type I or II) and codebook configuration
· In one RS setting:
· RS type also includes SRS 
· RS pattern
· RS power which includes ZERO/NULL for CSI-IM

CSI reporting frequency granularity
5 
6 
To accommodate different granularities (at least wideband, partial-band, and sub-band reporting), it is beneficial to define “CSI reporting band” as a collection of subbands (where one subband is a group of PRBs analogous to LTE) pertinent to a particular CSI reporting setting. In some sense, this may be analogous to the notion of “set S subbands” in LTE although it is never put to use. 
By using the notion of CSI reporting band, wideband reporting can be configured by setting CSI reporting band to cover the entire DL system bandwidth. Partial-band reporting, on the other hand, amounts to a set of subbands associated with a part of the DL system bandwidth. In both cases, the UE shall report one CSI parameter (such as CQI or PMI) for all the subbands in the CSI reporting band.
Likewise, subband reporting can be configured for any CSI reporting band value where the UE shall report one CSI parameter (such as CQI or PMI) for each subband in the CSI reporting band.

Proposal: Define “CSI reporting band” as a collection of subbands pertinent to a particular CSI reporting setting
· For wideband reporting: CSI reporting band = DL system bandwidth, one CSI parameter for all the subbands in the CSI reporting band 
· For partial-band reporting: CSI reporting band = a part of DL system bandwidth, one CSI parameter for all the subbands in the CSI reporting band  
· For subband reporting: one CSI parameter for each subband in the CSI reporting band

Signaling mechanisms for CSI-related configuration
7 
8 
In general, each of the configuration parameters pertinent to CSI acquisition can be signaled to the UE either semi-statically (via RRC signaling) or dynamically (either via MAC CE or L1 control signaling). Some parameters need to be configured via RRC while a subset selection or further narrowing of some options can be done dynamically. Our proposal is given as follows: 

Proposal: 
· At least the following configuration parameters should be signaled via RRC: 
· The number of CSI reporting settings N, RS settings M, and CSI measurement settings L along with the linkages/association between CSI reporting and RS settings
· In a CSI reporting setting: reported CSI parameter(s), PMI Type if reported, codebook configuration, time-domain behavior, CSI reporting band, frequency granularity for CQI and PMI 
· In a RS setting: number of ports, time-domain behavior, RS frequency span, RS type, number of resources K, RS power
· At least the following features require dynamic (MAC CE or L1 control) signaling, either UE- or NW-initiated :
· For A-CSI reporting, selection of  out of L CSI measurement settings for requested/pre-scheduled CSI reporting 

[bookmark: _Ref446598642]Conclusions
In this contribution, further details on DL CSI acquisition framework for NR are proposed. Our proposal can be summarized as follows: 
· IM setting is incorporated into RS setting (hence a separate IM setting is not needed): 
· IMR/CSI-IM resources can be configured by setting RS power to ZERO/NULL while sharing a common set of patterns with NZP CSI-RS
· Time-domain behavior follows that of CSI-RS
· A UE can be configured for CSI acquisition with N≥1 CSI reporting settings, M≥1 RS settings, and L≥1 CSI measurement settings, where each CSI measurement setting links one CSI reporting setting with one RS setting.
· At least the following additional information (on top of the agreement in RAN1#87) should be supported
· In one CSI reporting setting:
· Which CSI parameters (CRI, RI, PMI, and CQI) are reported
· Each of the CSI parameters can be switched ON/OFF
· CSI calculation dependency order follows LTE 
· If PMI is reported, PMI Type (Type I or II) and codebook configuration
· In one RS setting:
· RS type also includes SRS 
· RS pattern
· RS power which includes ZERO/NULL for CSI-IM
· Define “CSI reporting band” as a collection of subbands pertinent to a particular CSI reporting setting
· For wideband reporting: CSI reporting band = DL system bandwidth, one CSI parameter for all the subbands in the CSI reporting band 
· For partial-band reporting: CSI reporting band = a part of DL system bandwidth, one CSI parameter for all the subbands in the CSI reporting band  
· For subband reporting: one CSI parameter for each subband in the CSI reporting band
· At least the following configuration parameters should be signaled via RRC: 
· The number of CSI reporting settings N, RS settings M, and CSI measurement settings L along with the linkages/association between CSI reporting and RS settings
· In a CSI reporting setting: reported CSI parameter(s), PMI Type if reported, codebook configuration, time-domain behavior, CSI reporting band, frequency granularity for CQI and PMI 
· In a RS setting: number of ports, time-domain behavior, RS frequency span, RS type, number of resources K, RS power
· At least the following features require dynamic (MAC CE or L1 control) signaling, either UE- or NW-initiated :
· For A-CSI reporting, selection of  out of L CSI measurement settings for requested/pre-scheduled CSI reporting 
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