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In previous RAN1 meetings, the following agreements have been achieved:

· 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

· Joint support for hybrid mechanism 1 and semi-open-loop
· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook and CRI/RI
· Note: i1 identifies a combination of variables {i1,1 and i1,2} or {i1,1 , i1,2, and i1,3} in 38.214 section 5.2.1.2
· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook, CQI  and CRI/RI, computing CQI assuming PDSCH transmission with Np≥1 precoders, where
· UE can assume that one precoder is randomly selected from the set of Np precoders for each PRG on PDSCH
· The PRG size in CSI feedback is RRC configured
· The set of Np precoders for CQI calculation are indicated by codebook subset restriction

Working Assumption:
· Aperiodic CSI-RS is triggered by RRC+DCI or RRC+MAC-CE+DCI
· If number of RRC configured resource sets across all CCs is less than 2N, RRC+DCI is used.  Otherwise, RRC+MAC-CE+DCI is used.
· FFS on the value of N
· The triggering is done per CSI-RS resource set
Agreements:
· Confirm the working assumption with the following refinement 
- N = {0, 1, 2, …, Nmax}  is configurable via RRC signaling 
  - Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects 
  - Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs. 
- When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. 
  -  If Sc <2^N, MAC CE activation does not apply 
- The first code point is mapped to “no CSI request” 
Agreements:
· For both CSI acquisition and beam management, an aperiodic Resource Settings can contain more than one CSI-RS Resource set
· For CSI acquisition, periodic and semi-persistent Resource Settings contain only one CSI-RS Resource set


In this contribution, we discuss remaining issues for CSI acquisition framework.
[bookmark: _Ref129681832]Details of CSI framework
The main goal of this section is to identify and highlight the remaining details of currently agreed CSI framework. This will include multiple topics that will be covered in related contributions in greater detail.
CSI reporting settings
CSI reporting band configuration
In NR AH03 the following agreements on CSI reporting band has been achieved
· A CSI reporting setting configuration defines a CSI reporting band as a subset of subbands of the bandwidth part
· The subset of subbands can be configured to be contiguous or non-contiguous
The details of CSI reporting band configuration however is still left open. For a unified and flexible configuration, a bitmap can be configured by higher layer which contains N bits, where each bit corresponds to a subband, and N refers to the number of subbands. Since the CSI reporting band is restricted within the configured CSI-RS bandwidth, the number of subbands N can be varied according to the configured CSI-RS bandwidth, within the activated bandwidth part 
For aperiodic CSI reporting, the reporting band can be dynamically switched by either
1. Configuring multiple N-bit bitmaps within one CSI reporting setting, and DCI indicating the index of a bitmap
Or 
2. Configuring multiple CSI reporting settings, each of which contains one N-bit bitmap, and DCI triggering different CSI reporting setting
For the sake of limitation on the number of CSI reporting settings and the corresponding configuration overhead, the 1st approach by configuring multiple bitmaps within one CSI reporting setting is more reasonable.
Proposal 1: NR supports higher layer configuration of bitmap for contiguous or non-contiguous CSI reporting band
· The bitmap size, i.e. number of subbands, corresponds to the configured CSI-RS bandwidth.
Dynamic selection and indication
In NR email discussion [90b-NR-14], the following agreement has been achieved
· Confirm the working assumption with the following refinement 
- N = {0, 1, 2, …, Nmax}  is configurable via RRC signaling 
  - Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects 
  - Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs. 
- When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. 
  -  If Sc <2^N, MAC CE activation does not apply 
- The first code point is mapped to “no CSI request” 
Due to the limitation on bitwidth of a CSI request field in DCI, MAC CE down selection on aperiodic CSI reporting settings should be made prior to dynamic triggering. One possible solution is to maintain a separate field in MAC CE indicating the activation/deactivation status of the configured aperiodic CSI reporting settings. Each bit in the field corresponds to one of the configured CSI reporting settings. It is set to “1” to indicate the activation of the corresponding aperiodic CSI reporting setting, and “0” to indicate the deactivation. In this case, the CSI triggering states for the CSI request field can only correspond to the subset of CSI reporting settings denoted as “1”s in the MAC CE field.
Further details regarding aperiodic CSI-RS triggering can be found in our companion contribution [1].
Proposal 2: NR supports a separate field in MAC CE to indicate the activation/deactivation status of the higher layer configured CSI reporting settings. 
Resource indication feedback
In CSI reporting setting, TRP can configure the UE to feedback CSI related quantities, such as CRI (CSI-RS resource indication). CRI is used to indicate a preferred resource, especially in class B K>1 case. In previous discussions, only channel resources can be recommended by UE, which is denoted as CRI. Nonetheless, UE does not recommend interference resources since the interference resources are determined by TRP. In NR, more than one interference resource can be configured to UE such as in D-TDD scenario. In D-TDD scenario, channel resources are determined by TRP so UE can feedback CRI to indicate preferred interference resource. UE should firstly be aware that it will recommend interference resource from multiple configured interference resources rather than recommend a channel resource even though the configured channel resources may be more than one for joint channel measurement. Next, if the channel resource indexes and interference resource indexes are separately counted, the CRI should have quantity information so that the TRP knows whether the UE reports channel CRI or interference CRI. In multi-TRP scenario, more than one channel resource as well as more than one interference resource can be configured with a goal to let UE measure as many CSIs as possible to assist the TRP to schedule. In multi-TRP scenario, UE may be able to obtain multiple CSIs based on multiple combinations of channel resources and interference resources. For the sake of feedback overhead reduction, only preferred CSI(s) can be reported. In order to let TRP know the meaning of the CSI, the channel resource and the interference resource which derive the CSI should be reported as well, i.e., CRI should be able to both indicate selected channel resource along with selected interference resource.    
Proposal 3: NR can consider CRI feedback which indicates either the channel resource or interference resource or both. 

Resource settings
BWP configuration
In NR AH03, the agreements were made on CSI reporting band and CSI-RS transmission band. They are defined as a subset of bandwidth part (BWP). But the information of BWP is still missing in the CSI framework, especially a UE may be switching from one BWP to another BWP, or even accessing to two different BWP simultaneously.
There are four possible options for the indication of BWP information in the CSI framework. 
· Option 1: the BWP indication is configured as a high-layer parameter contained in reporting setting
· Option 2: the BWP indication is configured as a high-layer parameter contained in resource setting
· Option 3: the BWP indication is configured as a high-layer parameter contained in CSI-RS resource set
· Option 4: the BWP indication is configured as a higher-layer parameter contained in CSI-RS resource
Straightforwardly, the option 1 is not suitable as the reporting band has been agreed as a subset of BWP. 
For the option 2, the BWP indication applies the constraints on all the associated CSI-RS resource sets (and associated CSI-RS resources) within the whole resource setting. It might be a challenge for the system that the resource setting may need to be re-configured as long as the BWP is switched. It is not flexible especially when the UE has the frequent switching between different numerologies. Alternatively, the system needs to pre-configure multiple resource settings for the same measurement purpose, e.g. BM or IMR etc. But the number of resource settings are limited. 
For the option 4, the BWP information is configured per CSI-RS resource. In the use cases for beam measurement and reporting, one CSI-RS resource set may contains multiple CSI-RS resources, representing different Tx/Rx analog beams. As the trigger is done per CSI-RS resource set, these CSI-RS resources are supposed to be for the same BWP. Otherwise, it will be very complicated that beams triggered within one CSI-RS resource set are transmitted in different BWPs. In the use cases for CSI acquisition, if different CSI-RS resources within a CSI-RS resource set are configured for different BWPs, there will be a problem for the reporting band configuration in the reporting setting. Similar with the option 1, the reporting band is a subset of BWP, it can only be linked to one BWP. Therefore, the option 4 is also not appropriate. 
Finally, the option 3 seems a reasonable configuration of BWP information in the CSI framework. As aforementioned mentioned, one or multiple CSI-RS resources within a CSI-RS resource set should apply to the same BWP for both BM and CSI acquisition purpose. On the other hand, according to the working assumption obtained in #90b, the trigger to the aperiodic CSI-RS is done per CSI-RS resource set. Thus the option 3 can avoids the ambiguity in reporting band configuration and well-matched the use case in beam measurement and reporting. Moreover, due to the latest agreement in #91b, the aperiodic resource setting can contains more than one CSI-RS resource set. In this sense, the option 3 provides sufficient flexibility where multiple CSI-RS resource sets can be pre-configured for different BWPs, and the network can dynamically switch or select the matched CSI-RS resource set for the active BWP. 
Proposal 4: The BWP indication should be configured as a high-layer parameter contained in CSI-RS resource set. 
CSI-RS resource set
In NR email discussion [90b-NR-13], the following agreement has been achieved
· For both CSI acquisition and beam management, an aperiodic Resource Settings can contain more than one CSI-RS Resource set
· For CSI acquisition, periodic and semi-persistent Resource Settings contain only one CSI-RS Resource set
Multiple resource sets can be configured, where 
· For channel measurement, different combinations of CSI-RS resource(s) can be included into S resource sets for dynamic triggering
· If one CSI-RS resource is configured into each resource set, then dynamic triggering one-out-of-S resource set is to be functioned as selecting one-out-of-S CSI-RS resources
· If Ks CSI-RS resources are configured into each resource set, then dynamic triggering one-out-of-S resource set is to be functioned as selecting Ks (out-of-K) CSI-RS resources for a LTE CLASS B (K>1) like measurement and reporting
· For interference measurement, different combinations of ZP/NZP CSI-RS resource(s) can be included into S resource sets, and each resource set corresponds to an interference hypothesis to be dynamically triggered
Proposal 5: NR supports configuration of one or more CSI-RS resource sets within a Resource setting for interference measurement, where each CSI-RS resource set includes ZP CSI-RS resource(s) and/or NZP CSI-RS resource(s).
The detailed use cases of the multiple CSI-RS resource sets can be found in the following section.
CSI framework for typical use cases
Use case for CSI acquisition
A typical CSI acquisition framework configuration consists of N CSI reporting settings, each of which can be associated with two Resource settings via two links. One Resource setting contains CSI-RS resource(s) for channel measurement, and the link associated with the CSI reporting setting and the Resource setting should be denoted as channel measurement. The other Resource setting contains CSI-RS resource(s) for interference measurement, and the link associated with the CSI reporting setting and the Resource setting should be denoted as interference measurement. 


Figure 1. CSI framework configuration for general CSI acquisition
The Resource setting for channel measurement can contain one or multiple NZP CSI-RS resources, which corresponds to one or multiple channel measurement hypothesis. Each channel measurement hypothesis can correspond to one resource set, which includes a subset of the configured NZP CSI-RS resources.
Similarly, the Resource setting for interference measurement can contain one or multiple NZP or ZP CSI-RS resources, which corresponds to one or multiple interference measurement hypothesis. Each interference measurement hypothesis can correspond to one resource set, which includes a subset of the configured NZP or ZP CSI-RS resources.
Use case for hybrid CSI feedback
For the hybrid CSI measurement and feedback, the CSI-RS resources for the two-level CSI measurement and reporting are to be jointly configured within one Resource setting for channel measurement. For Resource setting 0, two CSI-RS resource sets are configured, where set 0-1 corresponds to the first-level CSI measurement and reporting, and set 0-2 corresponds to the second-level CSI measurement and reporting, respectively.
CSI-IM resources for the two-level interference measurement are to be jointly configured within one Resource setting for interference measurement. For Resource setting 1, two CSI-RS resource sets are configured, where set 1-1 is associated with set 0-1, corresponding to the first-level interference measurement, while set 1-2 is associated with set 0-2, corresponding to the second-level interference measurement. 
As discussed above, one or multiple CSI-RS resource configurations can be included in set 0-1, for the first-level CSI measurement and reporting. When one CSI-RS resource is configured, it is in general with a large number of antenna ports to be measured, and the corresponding wideband/long-term channel statistics to be reported. When multiple CSI-RS resources are configured, LTE CLASS B (K>1)-like reporting with CRI feedback can be adopted.
One CSI-RS resource configuration can be included in set 0-2, for the second-level CSI measurement and reporting. It is in general with a smaller number of antenna ports to be measured, and the corresponding subband/short-term instantaneous channel state information to be reported.
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Figure 2. CSI framework configuration for hybrid CSI operation
The periodicity of the CSI-RS resources in set 0-2 can also be jointly configured with the periodicity of the CSI-RS resources transmission in set 0-1, e.g. the latter can be an integer multiples of the former.
Two CSI reports corresponding to each one of the two-level CSI measurement and reporting are to be jointly configured within one CSI reporting setting. The first-level CSI report corresponds to the first-level CSI-RS/IM configurations in Resource set 0-1/1-1. The second-level CSI report corresponds to the second-level CSI-RS/IM configurations in Resource set 0-2/1-2. 
Use cases for multi-TRP coordinated transmission
For NCJT CSI operation, a joint configuration can be adopted, where one CSI reporting setting (0) is associated to two Resource settings (0 and 1) via two links, respectively. The CSI-RS resource(s) within the Resource setting 0 is for channel measurement, while the CSI-RS resource(s) within Resource setting 1 is for interference measurement. 
CSI-RS resources for the two-TRP NCJT CSI measurement and reporting are to be configured within one Resource setting for channel measurement. For Resource setting 0, two CSI-RS resource sets are configured, where set 0-1 corresponds to the channel measurement CSI-RS resource(s) for TRP1, and set 0-2 corresponds to channel measurement CSI-RS resource(s) for TRP2, respectively.
CSI-IM resources for the two-TRP NCJT CSI measurement and reporting are to be configured within one Resource setting for interference measurement. For Resource setting 1, two CSI-RS resource sets are configured, where set 1-1 is associated with set 0-1, corresponding to the CSI-IM resource(s) for TRP1, while set 1-2 is associated with set 0-2, corresponding to the CSI-IM resource(s) for TRP2. 
Since either ZP CSI-RS or NZP CSI-RS can be used for interference measurement, there can be a mix of NZP and ZP CSI-RS resources inside a single resource set, where the NZP CSI-RS can be used for inter-TRP interference measurement within a transmission set, while the ZP CSI-RS can be used for interference measurement out of the transmission set. 
Further details can be found in our companion contribution [2].
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Figure 3. CSI framework configuration for multi-TRP CSI operation
Proposal 6: NR supports the following framework configuration
· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement
· Multiple CSI reports can be configured within one CSI reporting setting
Conclusions
This contribution discussed the remaining issues of CSI acquisition framework. The proposals are summarized as follows:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: NR supports higher layer configuration of bitmap for contiguous or non-contiguous CSI reporting band
-	The bitmap size, i.e. number of subbands, corresponds to the configured CSI-RS bandwidth.
Proposal 2: NR supports a separate field in MAC CE to indicate the activation/deactivation status of the higher layer configured CSI reporting settings. 
Proposal 3: NR can consider CRI feedback which indicates either the channel resource or interference resource or both.
Proposal 4: The BWP indication should be configured as a high-layer parameter contained in CSI-RS resource set.
Proposal 5: NR supports configuration of one or more CSI-RS resource sets within a Resource setting for interference measurement, where each CSI-RS resource set includes ZP CSI-RS resource(s) and/or NZP CSI-RS resource(s).
Proposal 6: NR supports the following framework configuration
· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement
· Multiple CSI reports can be configured within one CSI reporting setting
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