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Introduction
In this contribution, we further discuss CSI framework details. 
Aperiodic CSI Acquisition
In RAN1 January NR Ad hoc, the following refinement is applied for CSI acquisition framework. 
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

With above refined framework, there are still some unclear points for the triggering of semi-persistent/aperiodic CSI-RS and reporting. Semi-persistent/aperiodic CSI-RS and reports need to be triggered with stringent timing relationship. But per current framework, they are connected and configured through measurement settings. There are mainly two ways to trigger above time domain behavior. One is to trigger them separately and the other is to trigger jointly. Obviously, payload/overhead of joint triggering would be less than the corresponding payload of separate triggering. Thus, we propose the following:
L1/L2 dynamic triggering of semi-persistent/aperiodic CSI-RS and reports is through L1/L2 triggering of links in the measurement settings.
Furthermore, for the possible combinations of resource setting and reporting setting, the following agreement is achieved. The links between CSI-RS and corresponding reports are shown in the following figure. Under above proposal, the links in the following are in fact restricted through possible RRC configurations. Through triggering the configured links, the corresponding CSI-RS and report are simultaneously triggered.


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 the agreement, the possibility of dynamically triggering RS and reports jointly through links in the measurement setting is mentioned. According to our above proposal, such possibility should be confirmed. 
The possibility of dynamically triggering RS and reports jointly through links in the measurement setting should be confirmed.
Since the transmission of CSI-RS may be in the same slot as aperiodic transmission, MAC CE triggering may induce more stringent decoding timing for such measurement. We propose to use DCI for triggering of links with aperiodic time domain behavior. For the links with semi-persistent time domain behavior, MAC CE is necessary. DCI triggering may cause misalignment between gNB and UE. Thus, we propose to use MAC CE for links with semi-persistent time domain behavior. 
Links with aperiodic time domain behavior should be triggered through DCI to facilitate measurement in the same slot.
Links with semi-persistent time domain behavior should be triggered through MAC CE to guarantee multi-shot alignment between gNB and UE.
For the timing relationship between aperiodic CSI-RS and aperiodic report, the following agreements are achieved. There are two values X and Y that need to be specified. X could at least be configured as 0.


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

With above proposal, the signaling is to trigger links in measurement settings. Thus, single DCI should be used. Configuration of aperiodic RS may only include the corresponding frequency domain behavior, while the exact timing of RS is not included. The similar configuration is true for aperiodic reports. The above timing offset X and Y should be included in defining links of measurement settings. 
Exact values of X and Y should be defined in the links of measurement settings.
The timing offset for MAC CE triggering and the corresponding semi-persistent RS and reports should also be defined. But the exact values set may be different from those for aperiodic RS, e.g. X may not be configured 0 due to decoding time limitation. Y is the timing offset of between RS measurement and reports. For all the cases including semi-persistent RS and aperiodic reports, UE behavior is the same. Value set for Y may be the same. 
Timing offset values X and Y for semi-persistent RS and reports should also be specified and follow the similar configuration procedure as aperiodic RS and reports. 

Interference Measurement 
In above refined framework, resource setting also includes resources for interference measurement. The following agreements are achieved for interference measurement.
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

Typically, resource settings mainly include CSI-RS. Due to the fact DMRS are transmitted together with scheduled data, only aperiodic measurement could be triggered for DMRS. In order to put it under the same framework, DMRS based measurement should be supported in an implementation-specific manner. The resources UE measures interference could be still viewed as CSI-RS, while it could be shared by other UEs as DMRS. The whole procedure is still like the normal configuration of resource settings and measurement settings.
DMRS based interference measurement is supported in an implementation-specific/specification transparent manner, i.e., DMRS is configured as CSI-RS for other UEs and be used to trigger aperiodic measurement.
Typically, a resource setting may include CSI-RS for channel, while another resource setting includes those for interference. In measurement setting, resource settings for channel, resource setting for interference and reporting settings are linked together. They are then used to measure and report corresponding CSI. With above understanding, the following agreement could be further refined.
UE could be configured with  NZP CSI-RS resources for channel measurement, while configured with  resources for interference measurement. In massive MIMO system, the flashlight interference introduced by beamforming is more severe. When UE reports its selected N CSI-RS-resource-related indices, it should also indicate which resources it used for interference measurement. It is only when  or completely without configuration that UE does not have to report interference settings. Agreements:
· When a UE is configured with K>1 NZP CSI-RS resources, a UE can report a set of N UE-selected CSI-RS-resource-related indices
· FFS: The name of the corresponding CSI reporting parameter
· FFS: Maximum value of N (support of N=1 only is not precluded)
· FFS: What other CSI parameter(s) are reported together with the CSI-RS-resource-related indices, if any, and joint reporting mechanism (in case of multiple reporting parameters)
· FFS: Extension of this feature to other types of Resources

When  resources are configured for interference measurement, it should also report a set of  interference resource related indices.

Conclusion
In this contribution, we further discuss some details on CSI framework. The following proposals are made:
1. L1/L2 dynamic triggering of semi-persistent/aperiodic CSI-RS and reports is through L1/L2 triggering of links in the measurement settings.
1. The possibility of dynamically triggering RS and reports jointly through links in the measurement setting should be confirmed.
1. Links with aperiodic time domain behavior should be triggered through DCI to facilitate measurement in the same slot.
1. Links with semi-persistent time domain behavior should be triggered through MAC CE to guarantee multi-shot alignment between gNB and UE.
1. Timing offset values X and Y for semi-persistent RS and reports should be defined in the links of measurement settings.
1. Timing offset values X and Y for semi-persistent RS and reports should also be specified and follow the similar configuration procedure as aperiodic RS and reports. 
1. DMRS based interference measurement is supported in an implementation-specific/specification transparent manner, i.e., DMRS is configured as CSI-RS for other UEs and be used to trigger aperiodic measurement.
1. When  resources are configured for interference measurement, it should also report a set of  interference resource related indices.
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