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1	Introduction
In RAN1 NR-AH#1 [1], the following agreements on the CSI framework were made [1]: 
	Agreements:
· 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



In RAN1#88bis [2], the following agreements on the CSI framework were made[1]: 
	Agreements:
· RAN 1 should support common configuration framework for beam management and CSI acquisition
· Aspects specifically related to beam management into the merged framework to be incorporated
· Note: maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. beam reporting, CSI reporting)



In RAN1#89 [3], the following agreements on the CSI framework were made: 
	Agreements:
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed



In RAN1 NR-AH#2 [4], the following agreements on the CSI framework were made: 
	Agreements:
· Periodic CSI reporting is carried at least on 
· Short PUCCH 
· Long PUCCH
· FFS whether in single-slot only or in multiple slots



The CSI Framework provides a high level of configurability and supports a wide variety of applications and use cases. In this contribution, we discuss some of the implications and drawbacks of the above agreements and make several proposals that will simplify the framework without losing functionality or flexibility.  We then discuss some of the remaining details of the framework that need decisions. 

2	Discussion
2.1	Configuring CSI-RS Resources 
The current CSI framework supports the configuration of CSI Resources and CSI Resource Sets, and UEs are configured with Reporting settings and a Measurement Setting that links the Reporting Settings to the pre-configured CSI Resources and Resource Sets.  This Framework provides a high degree of flexibility and supports a wide variety of use cases from beam scanning and management to many different methodologies for CSI acquisition (e.g., Class-A-like, Class B-like, Hybrid, semi-open-loop, etc.).  The flexibility to support single TRP and multi-TRP operation is built-in to the framework.  
When configuring CSI-RS resources for a particular application, too much flexibility can actually be a drawback if the framework is so flexible that there are multiple ways to configure the system for a specific functionality.  In such cases, determining reasonable bounds for the values of various parameters naturally becomes more difficult because all of the different configuration strategies would need to be taken into account for the functionality being considered.  A reasonable set of values for a given parameter in one configuration strategy might be completely unworkable if a different configuration strategy is used for the same functionality.  Such a situation creates an unnecessary burden on UE implementation and testing. 
Observation 1: Multiple ways to configure the same functionality create an unnecessary burden on UE implementation and testing and also create unnecessary complications in determining reasonable bounds on the values of various parameters.
The current framework supports two options for configuring the QCL aspect of CSI-RS Resources for beam management and CSI acquisition, and we will show that both options provide identical functionality, but have different implications on parameter values in the CSI framework.  In the first option, which we call Resource QCL Option 1, all the ports within a Resource are considered QCL.  In the second option, which we call Resource QCL Option 2, the ports within a Resource can all be configured with arbitrary QCL settings.  We discuss these two options and their implications as follows:
In Resource QCL Option 1, all the antenna ports in a Resource are QCL, which for beam management naturally leads to a 1:1 association between Resources and beam directions.  With this option, we can configure a Resource Set (e.g., set s) containing Ks Resources, where Ks then becomes equal to the number of beams that are swept.  Each Resource would be configured with a different QCL setting.  The number of antenna ports in each Resource would likely be limited to either one or two (i.e., one or two ports per beam), and if a resource contains two ports, then those ports in the Resource would be QCL.
In Resource QCL Option 2, the QCL setting of the antenna ports in a CSI Resource can be arbitrarily configured.  In this case, we could use for example only one Resource for sweeping some number of beam directions.  Each antenna port or pair of antenna ports in the Resource would correspond to a different beam direction and would have the QCL configured accordingly. To achieve the same functionality as achieved by Resource QCL Option 1, the number of antenna ports needed for the Resource would be equal to the number of ports per beam direction multiplied by the desired number of beam directions. Note that only one Resource Set is used for beam sweeping with this option, so the value of Ks is irrelevant.  Instead of configuring a Ks for this functionality, we would need to configure the number of antenna ports and the QCL setting for each antenna port in the Resource.  
These two options for configuring QCL in a Resource have implications on the parameter values that are needed for configuring CSI Resources for a simple beam sweeping operation.  Table 1 shows an example of how we can configure CSI Resources for beam sweeping, and this example applies for beam sweeping for beam management purposes, but this example also applies for beam selection in the context of CSI acquisition (e.g., LTE Class B-like operation with K>1).  Note that the same beam sweeping functionality is achieved, but the parameter values are very different.  Option 1 configures 2 antenna ports per Resource, but Option 2 configures 32 ports per Resource.  Option 1 configures a single Resource Set with 16 Resources per Resource set, but Option 2 has only one Resource and no need for a Resource Set. 
Observation 2: The two options that were agreed upon in RAN1#89 for configuring QCL in a CSI resource lead to (at least) two different options for how to configure Resources and Resource Sets for a simple beam sweeping operation.  However, these options for configuring Resources and Resource Sets have significant differences in the Resource parameters needed to achieve exactly the same functionality.

Table 1: Example for configuring a beam sweep of 16 beam directions with 2 antenna ports per beam direction:
	Beam Sweeping Example
	Resource QCL Option 1
	Resource QCL Option 2

	Description:
	All ports in a Resource have same QCL
	QCL separately configurable for each port in the resource

	Desired number of beam directions:
	16
	16

	Antenna Ports per Beam:
	2
	2

	Antenna Ports per Resource:
	2
	32

	Number of Resources Per Resource Set: 
	16
	1

	Number of Resource Sets:
	1
	0 (none needed)



These two options for configuring QCL in a Resource also have implications on the use of CSI RS Resource Indicator (CRI) feedback.  CRI was originally defined to be an indicator of which Resource within a Resource Set is preferred by the UE.  This definition of CRI makes sense when used with Resource QCL Option 1 and beam selection, where each Resource corresponds to a different beam direction.  However, the original definition of CRI is unusable with Resource QCL Option 2 since only one Resource is used for the beam sweep with Option 2.  With Option 2, instead of Resources being selected (as in the original CRI definition with Option 1), the UE would select the best antenna port or best pair of antenna ports.  Option 2 requires the definition of an additional form of selection feedback: selection at the antenna port level or selection on the basis of a grouping of the ports.  That additional functionality could be implemented either as a new feedback component or as different operating mode for CRI.  Retaining both QCL options therefore means we need two different schemes for managing the CRI functionality.  
Observation 3: The option for independently configuring the QCL status of the antenna ports within a single CSI Resource enables the use of a single CSI Resource for beam scanning.  If a single CSI Resource is used for beam scanning, then there will be a need for antenna port or antenna port-group selection feedback in addition to the traditional usage of CRI.  Instead, if all the antenna ports within a single CSI Resource are QCL, then Resource selection with CRI can be used for beam selection, and there would be no need for antenna port or antenna-port group selection feedback.  
Allowing the QCL status of the antenna ports within a single CSI Resource to be independently signalled leads to the need for an additional feedback message, but provides no additional functionality for the beam scanning and selection process.  Retaining only Resource QCL Option 1 and discarding Resource QCL Option 2 provides no loss in functionality, simplifies the specification and eases UE implementation and testing.  With either Option 1 or Option 2, there is a minimum grouping of antenna ports for selection purposes.  For Option 1, that minimum grouping is a Resource, whereas with Option 2, there would need to be a framework for grouping antennas within a Resource for selection purposes.  With either Option, the overall functionality is identical.  Keeping both options becomes unnecessary.  Therefore we make the following proposal for beam management:
Proposal 1: For beam management, all antenna ports within a CSI Resource are considered QCL.  
For CSI acquisition, we have a similar set of issues with configuring CSI Resources and Resource Sets when using LTE Class B-like operation with K>1.  The two options for configuring the QCL status of the antenna ports of a Resource create the ability to perform the Class B (K>1) operation with either a single resource or a single Resource Set.  As a result, all the negative drawbacks discussed above for Beam Management will apply to CSI acquisition.  For this reason, we make this proposal as well:  
Proposal 2: For CSI Acquisition, all antenna ports within a CSI Resource are considered QCL.  

2.2	Configuring CSI Resource Sets
The CSI framework has been designed to enable the UE to monitor CSI Resources transmitted from multiple TRPs in a seamless and transparent manner.  In the multi-TRP scenario, it would be beneficial to enable the UE to feed back a selection of the best beam for each of multiple TRPs.  However, different strategies of configuring the QCL status of the ports within a CSI Resource would lead to two different ways of performing selection on a beam basis and on a TRP-basis.  In this section, we show that the QCL Resource Options 1 and 2 described above lead to two identical methods for configuring Resources and Resource Sets for performing best beam / best TRP selection. 

With Resource QCL Option 1, all ports within a Resource are QCL, so each beam is transmitted on a different Resource.  It then follows that all the Resources within a Resource Set would be transmitted from the same TRP.  The UE is then configured with one CSI Resource Set per TRP.  A CSI Resource Setting would configure the UE to measure multiple CSI Resource Sets, and a CSI Reporting Setting would specify the feedback of CRI with the corresponding RSRP per Resource set.  This is a relatively clean approach that would require the feedback of CRI/RSRP per Resource Set.  

With Resource QCL Option 2, each port in a Resource can be independently configured with respect to QCL.  Each group of antenna ports corresponds to a different beam.  Each TRP would have one Resource, and the number of Resources in the Resource Set corresponds to the number of TRPs.  CRI as currently defined would be selecting the best Resource (i.e., the best TRP), and an additional port-group selection would be needed per Resource to select the best beam per TRP.  This approach provides functionality equivalent to that used for Resource QCL Option 1, but additional signaling needs to be defined.  Therefore, preferring Resource QCL Option 1 provides similar advantages for the Multi-TRP scenario

Observation 4: The two options that were agreed upon in RAN1#89 for configuring QCL in a CSI resource lead to (at least) two very different but equivalent options for how to configure Resources and Resource Sets for multi-TRP scenarios. 

2.3	Semi-Persistent CSI Transmitted on PUCCH vs. PUSCH
In NR, an important topic is to decide what CSI information is to transmitted on the different uplink channels (PUCCH / PUSCH), and which channels will carry persistent/semi-persistent / or aperiodic feedback.  It has been proposed to have two types of PUCCH, a short PUCCH and a Long PUCCH, where the Long PUCCH can carry CSI payloads of perhaps hundreds of bits, but the complete story on what payload sizes and the contents have not yet been agreed upon.  The general idea from LTE is that the PUCCH carries periodic CSI feedback having relatively low payload that is needed in a periodic manner.  PUSCH would carry much larger CSI payloads that would be aperiodic in nature.

Currently, it has been agreed that Periodic CSI reporting is carried at least on a short PUCCH and a long PUCCH.  The question of which channel should carry semi-persistent CSI reporting has not yet been agreed.  Conceptually, there are two ways to view semi-persistent CSI-Reporting: the first way is to view SP CSI-Reporting as being equivalent to Periodic Reporting with an On/Off functionality.  The second way is to view it as multi-shot A-periodic feedback, also with an On/Off functionality.  The first way would imply SP CSI-Reporting is carried on short or long PUCCH, but the second way would imply SP CSI-Reporting is carried on PUSCH.  Which way of viewing semi-persistent CSI-Reporting should take priority could depend on the required payload size/contents being reported and which channel has the capacity to carry the CSI Feedback payload.  We propose that the UL channel that should carry the semi-persistent CSI Report should be chosen depending the size of the payload of the report relative to the carrying capacity of the three candidate uplink channels.  Another factor is the required or expected length of the reporting interval.  Longer intervals would imply an operation that more resembles PUCCH reporting, whereas shorter reporting intervals would imply an operation that more resembles PUSCH reporting.  

Proposal 3: Semi-persistent CSI Reporting can be carried on short PUCCH, long PUCCH, and PUSCH.  The CSI Report should be carried by the channel with the smallest payload capacity that is large enough to contain the required payload.  If the CSI Report payload is too big for a short PUCCH, but will fit in a long PUCCH, then CSI reports with smaller semi-persistent intervals would be carried by PUSCH, but reports with longer semi-persistent intervals would be carried by the long PUCCH.  Details are FFS.  


3	Conclusion
In this contribution, we made the following observations:
Observation 1: Multiple ways to configure the same functionality create an unnecessary burden on UE implementation and testing and also create unnecessary complications in determining reasonable bounds on the values of various parameters.
Observation 2: The two options that were agreed upon in RAN1#89 for configuring QCL in a CSI resource lead to (at least) two different options for how to configure Resources and Resource Sets for a simple beam sweeping operation.  However, these options for configuring Resources and Resource Sets have significant differences in the Resource parameters needed to achieve exactly the same functionality.
Observation 3: The option for independently configuring the QCL status of the antenna ports within a single CSI Resource enables the use of a single CSI Resource for beam scanning.  If a single CSI Resource is used for beam scanning, then there will be a need for antenna port or antenna port-group selection feedback in addition to the traditional usage of CRI.  Instead, if all the antenna ports within a single CSI Resource are QCL, then Resource selection with CRI can be used for beam selection, and there would be no need for antenna port or antenna-port group selection feedback.  
Observation 4: The two options that were agreed upon in RAN1#89 for configuring QCL in a CSI resource lead to (at least) two very different but equivalent options for how to configure Resources and Resource Sets for multi-TRP scenarios. 

In this contribution, we made the following proposals: 
Proposal 1: For beam management, all antenna ports within a CSI Resource are considered QCL.  
Proposal 2: For CSI Acquisition, all antenna ports within a CSI Resource are considered QCL.  
Proposal 3: Semi-persistent CSI Reporting can be carried on short PUCCH, long PUCCH, and PUSCH.  The CSI Report should be carried by the channel with the smallest payload capacity that is large enough to contain the required payload.  If the CSI Report payload is too big for a short PUCCH, but will fit in a long PUCCH, then CSI reports with smaller semi-persistent intervals would be carried by PUSCH, but reports with longer semi-persistent intervals would be carried by the long PUCCH.  Details are FFS.  
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