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1 Introduction

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

· 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 this contribution, we discuss further details of CSI acquisition and beam management framework.
2 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.

2.1 Hierarchical structure of CSI-related settings

According to the previous agreements, 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, and each of the L links corresponds to a CSI reporting setting and a Resource setting. A hierarchical structure of currently agreed CSI-related settings is depicted in Figure 1.
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Figure 1. Hierarchical structure of CSI-related settings 
Based on the above hierarchical signaling structure, the remaining details for each part are discussed as follows.
2.2 CSI reporting settings

For each of the N CSI reporting settings, at least the following parameters should be configured (see Table 1). 

	Table 1. CSI reporting setting for CSI acquisition and Beam management

	CSI reporting setting
	CSI acquisition
	Beam management

	CSI reporting setting ID
	√
	√

	CSI parameters 
	√ (e.g. CRI/RI/PMI/CQI)
	√ (e.g. CRI)

	BM parameters 
	NA
	√ (e.g. L1-RSRP)

	Time domain behavior
	√ 
(e.g. slot-offset (AP), 
cqi-pmi/ri/cri-ConfigIndex (P/SP))
	√ 
(e.g. slot-offset (AP), 
cri-ConfigIndex (P/SP))

	PMI/CQI reporting mode
	√
	NA

	Codebook configuration
	√ 
(e.g. N1,N2,O1,O2, Type I/II, Beamformed, CBSR)
	NA

	Measurement restriction
	√ 
(e.g. channel/interference, time/frequency)
	FFS




The supported CSI parameters for CSI acquisition consists of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), and/or rank indication (RI). For beam management operation, CRI reporting is to be supported. On the other hand, specific beam management parameter, such as L1-RSRP, is to be configured for beam management operation only.
For aperiodic reporting, the time domain behavior is that a UE shall perform aperiodic reporting in slot n+Y upon decoding in slot n an uplink DCI format. The information related to Y is indicated in the decoded uplink DCI, where the value of Y can be configurable, and multiple candidate values of Y can be supported. However, Y=0 should be avoided, due to the UE processing capability issues. The CSI reporting setting ID is also indicated in the decoded uplink DCI.
For periodic reporting, the time domain behavior is defined by periodicity and slot offset, which can be captured in one parameter for each one of PMI/CQI, CRI, RI, as in LTE. A UE should perform periodic reporting when it is semi-statically configured by RRC signaling.
For semi-persistent reporting, the time domain behavior can also be defined by the same parameter introduced for the periodic reporting. A UE should perform semi-persistent reporting upon decoding a MAC CE activation signaling, while stop the reporting upon decoding a MAC CE deactivation signaling. The CSI reporting setting ID is also indicated in the decoded MAC CE signaling.
Considering the frequency granularity of CQI/PMI reporting, multiple CSI reporting modes are to be supported. Details can be found in our companion contribution [1]. On the other hand, the reporting mode is not to be configured for beam management operation.
Parameters for codebook configurations include N1, N2, the corresponding oversampling rates, CBSR, etc. In order to distinguish the Type I (SP/MP), Type II, and the beamformed CSI-RS codebooks, the CSI type parameter is also to be included. Further details on CBSR can be found in our companion contribution [2].
The time domain channel/interference measurement restriction has already been supported in NR, while the frequency domain measurement restriction is still under discussion. In our opinion, the frequency domain channel/interference measurement restriction is also beneficial, as it is to be considered in the situation where multiple services exists in different parts of the whole frequency band, and only one or a few bandwidth parts need to be measured for the UE in certain service(s). Further details can be found in our companion contribution [3].

Based on the above discussion, we have the following proposals:
Proposal 1: NR supports a common CSI reporting setting configuration for CSI acquisition and Beam management, where
· At least the following parameters for reported content is supported for beam management

· CRI, L1-RSRP
· At least the following parameters for time domain behavior is also supported for beam management

· Subframe/slot offset for aperiodic reporting (i.e. Y), 
· Periodicity and subframe/slot offset  for periodic/semi-persistent reporting
· Others FFS
2.3 Resource settings
For each of the M Resource settings, a configuration of S≥1 CSI-RS resource set(s) should be included. A typical use case for configuring multiple CSI-RS resource sets within a Resource setting is for beam management. A large number of CSI-RS resources (corresponding to Tx beams) are to be categorized into S sets, and each set s contains 
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Tx beams. Each time a set s is triggered or activated, 
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 beams are to be swept by the gNB. Other use cases where multiple CSI-RS resource sets can be configured within a Resource setting include CSI acquisition for multiple-TRP coordinated transmission, etc.  Further discussion can be found in subsequent sections and references therein. 
For beam management, 
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 8 can be considered, which corresponds to 3 bits for dynamic selecting among the configured resource sets. For CSI acquisition, 
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 4 can be considered, which corresponds to 2 bits for dynamic selecting among the configured resource sets. 
2.3.1 NZP CSI-RS configuration
For each of the NZP CSI-RS resource, at least the following parameters should be considered (see Table 2). 

	Table 2. NZP CSI-RS resource configuration for CSI acquisition and Beam management

	NZP CSI-RS resource configuration
	CSI acquisition
	Beam management

	CSI-RS resource configuration ID
	√
	√

	Number of CSI-RS ports
	[1 2 4 8 16 32]
	[1 2]

	Time domain behavior
	√ 
(e.g. slotConfig (P/SP))
	√ 
(e.g. slotConfig (P/SP))

	Location of component pattern 
	√ 
(e.g. resourceConfig)
	√ 
(e.g. resourceConfig)

	Scrambling ID
	√
	√

	CDM type
	√
	FFS

	Density
	√ 
(e.g. {1/2, 1, >1})
	√ 
(e.g. taking from {1 2 3 4 6})

	Power related info.
	√ (e.g. PDSCH vs. CSI-RS EPRE ratio)
	FFS




The supported number of CSI-RS ports for CSI acquisition are among {1, 2, 4, 8, 16, 32}, while the supported number of CSI-RS ports for beam management operation are likely among {1, 2}. 

For a CSI-RS resource configuration with 1 CSI-RS port, there is no CDM type defined, and for a CSI-RS resource configuration with 2 CSI-RS port, only one CDM type is defined. In this regard, for beam management operation, CDM type can either be explicitly configured, i.e. no CDM or FD-CDM2, or implicitly inferred from the configured number of CSI-RS ports.
For aperiodic CSI-RS transmission, the time domain behavior is that the aperiodic CSI-RS triggering offset X is fixed to zero. For periodic CSI-RS transmission, the time domain behavior is defined by periodicity and slot offset, which can be captured in one parameter as in LTE. For semi-persistent CSI-RS transmission, the time domain behavior can also be defined by the same parameter introduced for the periodic CSI-RS transmission.
Further details on CSI-RS design and configuration can be found in our companion contributions [4, 5]. Based on the above discussion, we have the following proposals:
Proposal 2: NR supports a common NZP CSI-RS resource configuration for CSI acquisition and Beam management, where
· At least the following parameters is also supported for beam management

· Number of CSI-RS ports, Scrambling ID

· Periodicity and subframe/slot offset for periodic/semi-persistent transmission 
· Location of component patterns, density
· Others FFS

3 CSI framework for typical use cases
3.1 Use cases for DL beam management
For the beam management sharing the same framework with CSI acquisition, the following CSI-RS related configurations should be considered.
	Table 3. CSI-RS transmission vs. BM procedure

	BM Procedure
	CSI-RS

	
	P
	SP
	AP

	P1
	√
	√
	NA

	P2
	NA
	√
	√

	P3
	NA
	√
	NA


For the Resource setting configured with periodic CSI-RS transmission, 
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 CSI-RS resource set is included, which contains 
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 CSI-RS resources. For the Resource setting configured with semi-persistent or aperiodic CSI-RS transmission, 
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 CSI-RS resource sets can be included, which contains 
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 CSI-RS resources.

The aperiodic CSI-RS transmission is triggered via DCI signaling. One out of S CSI-RS resource sets is selected by the DCI triggering for aperiodic CSI-RS transmission.

The semi-persistent CSI-RS transmission is activated/de-activated via MAC CE signaling. One out of S CSI-RS resource sets is selected/de-selected by the MAC CE activation/de-activation for semi-persistent CSI-RS transmission.

Details can be found in the following subsections.
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Figure 2. CSI-related settings for BM
3.1.1 Periodic CSI-RS transmission
For periodic CSI-RS transmission, S=1 resource set is configured to the Resource setting, which includes 
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 CSI-RS resources. The periodic CSI-RS transmission is enabled via RRC configuration/re-configuration. A common periodicity should be configured to all the CSI-RS resources within the same resource set. During each periodicity, QCL is assumed over spatial Rx parameters among transmitted CSI-RS resources at the UE (see Figure 3).

The periodic CSI-RS can be used for beam management procedure P1 for Tx/Rx beam sweeping, where one periodic CSI reporting setting is associated to one periodic Resource setting, and L1-RSRP and CRI are to be reported (see Figure 2).
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Figure 3. Periodic CSI-RS transmission for P1 procedure
3.1.2 Aperiodic CSI-RS transmission
For aperiodic CSI-RS transmission, 
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 resource sets are configured to the Resource setting, each of which includes 
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CSI-RS resources. The aperiodic CSI-RS transmission is triggered via DCI signaling, i.e. one out of S CSI-RS resource sets in one Resource setting is selected by DCI. Each time a set s is triggered, 
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 beams are to be swept by the gNB, and QCL is assumed over spatial Rx parameters at the UE during one Tx beam sweeping using one CSI-RS resource set (see Figure 4).  

The aperiodic CSI-RS can be used for beam management procedure P2 for Tx beam sweeping, where one aperiodic CSI reporting setting is associated to one aperiodic Resource setting, and L1-RSRP and CRI are to be reported (see Figure 2).
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Figure 4. Aperiodic CSI-RS transmission for P2 procedure
3.1.3 Semi-persistent CSI-RS transmission
For semi-persistent CSI-RS transmission, 
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 resource sets are configured to the Resource setting, each of which includes 
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 semi-persistent CSI-RS resources. A common periodicity should be configured to all the CSI-RS resources within the same resource set.  During each periodicity, QCL is assumed over spatial Rx parameters at the UE (see Figure 5 and 6).

The semi-persistent CSI-RS can be used for beam management procedure P3 as shown in Figure 2, where only one semi-persistent Resource setting is configured for Rx beam sweeping. 
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 CSI-RS resource sets are configured to the Resource setting, and each of which includes 
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 CSI-RS resource. During each periodicity, QCL is assumed over spatial Rx parameters among transmitted CSI-RS resources at the UE. Since there is only one CSI-RS resource configured within one resource set, once activated, the UE can perform Rx beam sweeping accordingly (see Figure 5).

The semi-persistent CSI-RS can also be used for beam management procedure P1/P2 for Tx/Rx beam sweeping as shown in Figure 2, where one semi-persistent CSI reporting setting is associated to one semi-persistent Resource setting, and L1-RSRP and CRI are to be reported. 
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 CSI-RS resource sets are configured to the Resource setting, and each of which includes 
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 CSI-RS resources. During each periodicity, QCL is assumed over spatial Rx parameters among transmitted CSI-RS resources at the UE. When the de-activation is signaled after one periodicity, only Tx beam sweeping is performed, which corresponds to a P2 procedure. On the other hand, when de-activation is signaled after more than one periodicity, Tx/Rx beam sweeping is performed, which corresponds to a P1 procedure (see Figure 6).
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Figure 5. Semi-persistent CSI-RS transmission for P3
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Figure 6. Semi-persistent CSI-RS transmission for P1/P2
Based on the above discussion, we have the following proposals:

Proposal 3: For beam management, NR supports signaling of DCI to select single CSI-RS resource set for aperiodic CSI-RS transmission

Proposal 4: For beam management, NR supports signaling of MAC CE to select single CSI-RS resource for semi-persistent CSI-RS transmission 

Proposal 5: NR supports QCL assumption at a UE over spatial Rx parameters for transmitted CSI-RS resources, 

· within each periodicity of the configured periodic CSI-RS resource set
· within each periodicity of the activated semi-persistent CSI-RS resource set

· from the first CSI-RS transmission till the last CSI-RS transmission of the aperiodically triggered CSI-RS resource set 
3.2 Use cases for multi-TRP coordinated transmission
For NCJT CSI operation, a joint configuration can be adopted, which is depicted in Figure 7, 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 [6].
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Figure 7. CSI framework for multi-TRP CSI operation
Proposal 6: NR supports the following framework configuration for NCJT CSI operation

· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement

· Corresponds to a channel/interference measurement hypothesis

· Configure multiple CSI reports within one CSI reporting setting

· Each CSI report corresponds to a channel/interference measurement hypothesis

· Configure ZP CSI-RS resource(s) and NZP CSI-RS resource(s) within a CSI-RS resource set for interference measurement
4 Conclusions

This contribution discussed the further details of CSI acquisition and beam management framework. The proposals are summarized as follows:
· Proposal 1: NR supports a common CSI reporting setting configuration for CSI acquisition and Beam management, where
· At least the following parameters for reported content is supported for beam management

· CRI, L1-RSRP

· At least the following parameters for time domain behavior is also supported for beam management

· Subframe/slot offset for aperiodic reporting (i.e. Y), 

· Periodicity and subframe/slot offset  for periodic/semi-persistent reporting
· Others FFS
Proposal 2: NR supports a common NZP CSI-RS resource configuration for CSI acquisition and Beam management, where

· At least the following parameters is also supported for beam management

· Number of CSI-RS ports, Scrambling ID

· Periodicity and subframe/slot offset for periodic/semi-persistent transmission 

· Location of component patterns, density

· Others FFS
Proposal 3: For beam management, NR supports signaling of DCI to select single CSI-RS resource set for aperiodic CSI-RS transmission

Proposal 4: For beam management, NR supports signaling of MAC CE to select single CSI-RS resource for semi-persistent CSI-RS transmission 

Proposal 5: NR supports QCL assumption at a UE over spatial Rx parameters for transmitted CSI-RS resources, 

· within each periodicity of configured periodic CSI-RS resource set
· within each periodicity of activated semi-persistent CSI-RS resource set

· from the first CSI-RS transmission till the last CSI-RS transmission of the aperiodically triggered CSI-RS resource set 
Proposal 6: NR supports the following framework configuration for NCJT CSI operation

· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement

· Corresponds to a channel/interference measurement hypothesis

· Configure multiple CSI reports within one CSI reporting setting

· Each CSI report corresponds to a channel/interference measurement hypothesis

· Configure ZP CSI-RS resource(s) and NZP CSI-RS resource(s) within a CSI-RS resource set for interference measurement
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