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1. Introduction
In RAN1#87 and RAN1 NR Adhoc meetings, following agreements are made regarding CSI acquisition framework for NR:
	Agreements:
· 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:
· 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 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
· FFS until the next meeting about details of dynamic triggering
Agreements:
· For NR, support at least two types of resources used for interference measurement in CSI configuration based on the following candidates:

· ZP CSI-RS, NZP CSI-RS, DMRS

· Including independent or joint usage of any combination of the above three candidates

· Selection is to be done in RAN1#88

Agreements:
· The CSI-RS RE mapping pattern of one N-port CSI-RS resource is composed of one or multiple CSI-RS RE mapping patterns of CSI-RS resources of equal or smaller number of ports, [e.g., 2, 4, or 8]
· A CSI-RS RE mapping  pattern is defined within a slot

· FFS: A CSI-RS RE mapping  pattern can span multiple configurable consecutive/non-consecutive OFDM symbols 
· FFS on mapping of ports to the CSI-RS RE mapping pattern
· Density per port in terms of RE per port per PRB is configurable supports for density greater than 1 is not precluded
Agreements:
· NR supports mechanism(s) to trigger aperiodic CSI-RS and aperiodic CSI reporting simultaneously.

· FFS: signaling details (e.g. single DCI or separate DCI)

· FFS: method(s) for interference measurement  

· FFS: reference resource of aperiodic CSI reporting

· For aperiodic CSI-RS timing offset X, support X=0 at least, if aperiodic CSI-RS triggering is done by DCI
· FFS: supporting other values of X

· Note: ‘aperiodic CSI-RS timing offset X’ refers to the time gap between aperiodic CSI-RS triggering and aperiodic CSI-RS transmission w.r.t. number of slots.

· For CSI reporting timing offset Y that is fixed or configurable by the network but with certain restriction on lower limit of Y to provide sufficient CSI computation time.

· Candidate values of Y are fixed or pre-determined by certain rule(s).

· Rule is FFS (e.g. number of CSI measurement/RS/reporting settings, CSI feedback type, number of ports, nearest CSI-RS transmission timing, UE capability, etc.)

· Note: ‘aperiodic CSI reporting timing offset Y’ refers to the time gap between aperiodic CSI reporting triggering and aperiodic CSI reporting w.r.t. number of slots.
· FFS Y is fixed or configurable

· FFS configuration is done by DCI and/or MAC CE and/or higher layer signaling

Agreements:
· For periodic CSI-RS,

· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI

· FFS: Necessity of additional signaling with MAC CE

· For semi-persistent CSI-RS,

· Periodic CSI reporting is not supported.

· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission

· Aperiodic CSI reporting is triggered by DCI

· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Necessity of additional signaling with MAC CE

· For aperiodic CSI-RS,

· Periodic [and semi-persistent] CSI reporting is not supported

· Aperiodic CSI reporting is triggered by DCI

· Aperiodic CSI-RS is triggered by DCI and/or MAC CE
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission
· FFS: Necessity of additional signaling with MAC CE
· Note that further down selection can be done later between MAC CE and DCI in above bullets

· Note that it is possible to dynamically trigger RS and reports through links in the measurement setting



In this contribution, we further discuss resource/measurement/reporting settings for CSI acquisition framework in NR, based on the above agreements.
2. Resource setting
In the last meeting, it was agreed to merge IM setting with RS setting. As described in our companion contribution [1], ZP CSI-RS should be used for interference measurement and NZP CSI-RS can also be used for interference measurement in addition to channel measurement. Since the usage of the resource will be indicated separately in the measurement setting, both ZP CSI-RS and NZP CSI-RS resources can be configured in the Resource setting. In addition, NZP CSI-RS resources for beam management can also be included in the resource setting for unified operation for analog beam selection and digital beam selection. One of main functionality of CSI acquisition is the selection of (digital) beam via UE feedback information such as PMI and CRI. Purpose of DL beam management is also to select beam(s), and TRP Tx beam can be selected via UE feedback information with similar contents (e.g. CRI). Only additional functionality of DL beam management is to select UE Rx beam, but UE Rx beam selection can be simply supported by transmitting multiple repeated Tx beams via multiple CSI-RS symbols or sub-symbols (e.g. by using IFDMA, larger subcarrier spacing, etc.). As a result, there is no problem to use agreed CSI framework for the purpose of beam management. 
Proposal 1: In Resource setting, following RS types are included.

· NZP CSI-RS for both CSI acquisition and beam management

· ZP CSI-RS 
Since time-domain behavior such as aperiodic, semi-persistent, and periodic CSI-RS shall be configured with resource setting, it would be quite natural to apply these time-domain behaviors regardless of using CSI-RS types such as ZP, NZP, and its use case (i.e. beam management or CSI acquisition).  As described in our companion contribution [1], aperiodic and semi-persistent IMR can provide a high interference estimation accuracy and a high flexibility on the system design especially when we consider dynamic TDD operations and forward compatibility of NR. 

Proposal 2: Three different time-domain behavior, i.e. aperiodic/semi-persistent/periodic, of CSI-RS are commonly supported for both NZP CSI-RS and ZP CSI-RS, and included in the Resource setting.
In the last meeting, there were discussions and agreements on CSI-RS timing offset X. If configurable CSI-RS timing offset is supported, the information of candidate values of X can also be included in the Resource setting, and that information can be signaled by higher layer.
Observation 1: For aperiodic CSI-RS, candidate values of CSI-RS timing offset X can be included in the Resource setting and signaled by higher layer if configurable timing offset is supported. 
In the last meeting agreement, there could be a confusion caused by misalignment of terminology between different agreements. In our understanding, ‘S≥1 CSI-RS resource set(s)’ should be understood as ‘S≥1 CSI-RS resource(s)’ where each CSI-RS resource can be composed of multiple CSI-RS RE mapping patterns of CSI-RS resources of smaller number of ports. Accordingly, ‘Ks ≥1 CSI-RS resources’ should be understood as ‘Ks ≥1 CSI-RS resources of equal or smaller number of ports’. 
Proposal 3: Refine previous agreement to align terminology between agreements as follows:

· At least the following configuration parameters are signaled via RRC at least for CSI acquisition
· In each Resource setting: 

· A configuration of S≥1 CSI-RS resource(s) 
· A configuration of Ks ≥1 CSI-RS resources of equal or smaller number of ports for each CSI-RS resource.
3. Measurement setting

Allowing flexible measurement settings is desirable for NR, which may include supporting any combinations between aperiodic/semi-persistent/periodic resource setting for channel measurement and aperiodic/semi-persistent/periodic resource setting for interference measurement. More specifically, considering semi-persistent or periodic CSI reporting, semi-persistent or periodic IM resource may need to be considered to avoid or minimize L1/L2 control signaling. Also, aperiodic CSI-RS setting can be associated with semi-persistent or periodic IM resource for aperiodic CSI reporting. Conversely, semi-persistent or periodic CSI-RS can also be associated with aperiodic IM resource for aperiodic CSI reporting. 

Proposal 4: For each reporting setting, measurement setting should support linking to flexible combinations of aperiodic/semi-persistent/periodic NZP CSI-RS for channel measurement and aperiodic/semi-persistent/periodic ZP/NZP CSI-RS for interference measurement.

4. Reporting setting

It has been agreed that aperiodic, semi-persistent, and periodic CSI reporting are all supported in NR. According to a measurement setting configuration discussed in the previous section, proper CSI reporting contents are needed to be defined. 

If CSI-RS resource(s) for CSI acquisition is indicated in a certain measurement setting, the baseline for the corresponding reporting contents should be the existing CSI report types supported in LTE including outcomes from eFD-MIMO WI, where some modifications and enhancements are FFS.

If CSI-RS resource(s) for beam management is indicated in a certain measurement setting, the corresponding reporting contents should be decided based on necessary reporting contents for supporting DL beam management. Each CSI-RS port within a CSI-RS resource may correspond to a different analog beam, so that the corresponding reporting contents can be a paired information type as {CRI, port index} for reporting a preferred beam direction information. In addition to the beam related information, corresponding beam gain related metric such as RSRP needs to be reported together.

In the last meeting, there were discussions and agreements on CSI reporting timing offset Y. CSI reporting may not be able to be performed within the same slot where CSI reporting is triggered depending on various conditions for DL-UL mixed slot structure in NR. The possibility has dependency on required CSI computation delay as well. A wide range of required CSI computation time can be considered with different situations on number of CSI measurement/RS/reporting settings, CSI feedback type, number of ports, nearest CSI-RS transmission timing, UE capability, etc. Especially, it has dependency on when CSI-RS is transmitted and measured. If CSI-RS was received relatively long time before CSI reporting triggering message is received, it could be supportable by UE implementation even for heavy CSI computation cases. A minimum time gap for CSI computation might need to be configured, which can be dependent on UE capability. If CSI-RS is triggered within the time gap, the measured channel is not used for the CSI calculation for the reporting. If CSI-RS and CSI reporting are triggered at the same time, the minimum time gap should be guaranteed between the value of Y and the value of X. Since each reporting setting shall include reported CSI parameter(s), CSI Type (I or II) and codebook configuration (e.g. codebook size), it can be considered to set CSI reporting offset Y from these information. If a rule to determine Y according to above mentioned conditions is set-up, the value of Y may not needs to be explicitly signaled to UE. Or it is also possible to set Y by network signalling, but in this case, lower limit of Y should be predefined by a rule considering abovementioned conditions.
Proposal 5: Set-up a rule for determining CSI reporting timing offset Y or lower limit of Y. Different value of Y should be supported according to information included in the Reporting setting (e.g. CSI parameter(s), CSI Type and codebook configuration) at least. Other information such as nearest CSI-RS transmission timing, DL-UL slot structure, UE capability, number of CSI computation related settings can also be taken into account.
5. Dynamic signaling aspects

In the last meeting, it was agreed to trigger aperiodic CSI reporting by DCI, however, signalings for aperiodic CSI-RS triggering, semi-persistent CSI-RS activation/deactivation and semi-persistent CSI reporting activation/deactivation are still open issues. In our view, aperiodic CSI-RS triggering by MAC CE can be an over-design due to excessive control signaling for one-shot RS. In addition, control signaling delay could limit the flexible usage of aperiodic CSI-RS, e.g. CSI-RS from different beam/panel/TRP. Therefore, aperiodic CSI-RS should be triggered by DCI. For both semi-persistent CSI-RS and CSI reporting, it is desirable to use MAC CE for activation and deactivation. It is because the impact of misdetecting DCI can be huge in these cases. Channel estimation can be corrupted when missing deactivation signaling and data demodulation performance can also be seriously degraded due to incorrect rate matching when missing activation signaling. 

Proposal 6: Aperiodic CSI-RS is triggered by DCI. Semi-persistent CSI-RS is activated/deactivated by MAC CE. Semi-persistent CSI reporting is activated/deactivated by MAC CE.
Regarding FFS part regarding dynamic triggering in the previous agreements, L1/L2 signalling should be used for the purpose of aperiodic or semi-persistent CSI reporting and for the purpose of aperiodic or semi-persistent CSI-RS transmission. For CSI reporting triggering/activation/deactivation, dynamic indication of one CSI reporting setting within the CSI measurement setting will be required. Multiple CSI reporting settings can also be indicated dynamically for the purpose of CoMP operation. For CSI-RS triggering/activation/deactivation, dynamic indication of one CSI-RS resource selected from at least one Resource setting will be required. Dynamic indication of multiple CSI-RS resources would also be required for supporting LTE FD-MIMO Class B-like operations and CoMP operations. CSI-RS RE pattern aggregation, however, is not required to be dynamically signaled. 

In addition, joint selection of CSI reporting setting(s) and CSI-RS resource(s) should also be supported in the case of joint triggering of aperiodic CSI-RS and aperiodic CSI reporting. 
Proposal 7: At least following are supported by L1 or L2 signaling:
· Selection of one or multiple CSI reporting setting(s) within the CSI measurement setting

· Selection of one or multiple CSI-RS resource(s) selected from at least one Resource setting
· Selection of CSI reporting setting(s) and CSI-RS resource(s) simultaneously (in case of simultaneous triggering of aperiodic CSI-RS and aperiodic CSI reporting at least)

Proposal 8: Information for CSI-RS RE pattern or resource aggregation is signaled by RRC only.
6. Conclusion
This contribution discussed resource/measurement/reporting settings for CSI acquisition framework in NR. Following proposals are given, based on the discussion:
Proposal 1: In Resource setting, following RS types are included.

· NZP CSI-RS for both CSI acquisition and beam management

· ZP CSI-RS 
Proposal 2: Three different time-domain behavior, i.e. aperiodic/semi-persistent/periodic, of CSI-RS are commonly supported for both NZP CSI-RS and ZP CSI-RS, and included in the Resource setting.

Proposal 3: Refine previous agreement to align terminology between agreements as follows:

· At least the following configuration parameters are signaled via RRC at least for CSI acquisition
· In each Resource setting: 

· A configuration of S≥1 CSI-RS resource(s) 
· A configuration of Ks ≥1 CSI-RS resources of equal or smaller number of ports for each CSI-RS resource.
Proposal 4: For each reporting setting, measurement setting should support linking to flexible combinations of aperiodic/semi-persistent/periodic NZP CSI-RS for channel measurement and aperiodic/semi-persistent/periodic ZP/NZP CSI-RS for interference measurement.

Proposal 5: Set-up a rule for determining CSI reporting timing offset Y or lower limit of Y. Different value of Y should be supported according to information included in the Reporting setting (e.g. CSI parameter(s), CSI Type and codebook configuration) at least. Other information such as nearest CSI-RS transmission timing, DL-UL slot structure, UE capability, number of CSI computation related settings can also be taken into account.
Proposal 6: Aperiodic CSI-RS is triggered by DCI. Semi-persistent CSI-RS is activated/deactivated by MAC CE. Semi-persistent CSI reporting is activated/deactivated by MAC CE.
Proposal 7: At least following are supported by L1 or L2 signaling:
· Selection of one or multiple CSI reporting setting(s) within the CSI measurement setting

· Selection of one or multiple CSI-RS resource(s) selected from at least one Resource setting
· Selection of CSI reporting setting(s) and CSI-RS resource(s) simultaneously (in case of simultaneous triggering of aperiodic CSI-RS and aperiodic CSI reporting at least)

Proposal 8: Information for CSI-RS RE pattern or resource aggregation is signaled by RRC only.
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