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Introduction
RAN1 sent L1 parameter list[1] which included first set of beam management&CSI-RS resource configuration parameters. The ASN1 based on these parameters were discussed in email discussion NR [99#22] L1 parameters.  The part for BM&CSI framework is shown in the appendix. RAN1 is further updating the L1 parameter list in email discussion [90b-NR-01-RRC].
 
CSI-RS resource configuration in NR
In the January RAN1 NR adhoc meeting, the previously agreed NR CSI framework was updated to the following:

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 applicable
· 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

The above agreements where reflected in the L1 RRC parameter file.  As can be seen, RAN1 parameters imply  a three-level structure for the CSI-RS configuration which is plotted in Figure 1.
[image: ]
Figure 1: A three-level structure for the CSI-RS configuration

These resources can be periodic, semi-persistent or aperiodic. After RAN1#90bis, RAN1 made new agreements on resource settings(CSI-ResourceConfig) and resource sets: 
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 can contain only one CSI-RS Resource set  

For periodic and semi persistent resources there can only be one CSI-RS Resource set per CSI-RS resource configuration thus in principle S=1 or M=1. 
1. [bookmark: _Toc498515166][bookmark: _Toc498522111][bookmark: _Toc498660092]For periodic and semi persistence, there is no need for both resource configuration and resource set levels. 

For aperiodic resources, a DCI triggers one or more of the CSI-RS resource sets containing the higher layer configured CSI-RS resources. Figure 1 Figure 2 shows two report settings configured for aperiodic CSI reports. The aperiodic report settings are both linked to a resource setting that contains 3 sets of aperiodic CSI-RS resources. The multiple CSI-RS resource sets can be configured, for example, with different numbers of resources, corresponding to different length beam sweeps. According to the following working assumption from RAN1#90bis meeting, the triggering for aperiodic CSI-RS is done on the CSI-RS resource set level:
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
 
The above working assumption was confirmed in the RAN1 email discussion [90b-NR-13] and the following agreement was made:
Agreements:
Confirm the working assumption with the following refinement 
· N = {0, 1, 2, …, Nmax}  is configurable via RRC signalling
· 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”

As the DCI bits in CSI request field are very limited (i.e., configurable between N = {0,1,2,…,Nmax}), it is beneficial to be able to trigger a set of resources with one codepoint instead of triggering individual resources. For this reason, the structure of S sets of Ks CSI-RS resources has been introduced. This was not visible in the L1 parameters as the trigger states were not yet defined.

1. [bookmark: _Toc498660093]Aperiodic triggering is done by DCI on resource set level and CSI-RS resource sets can be triggered across resource configurations (i.e., resource settings). 

[image: ]
[bookmark: _Ref490143924]Figure 2: Example setup of CSI configuration framework for beam management

Noting the following points from the above discussion,
· different CSI-RS resource sets belonging to different resource configs (i.e., resource settings) can be triggered by DCI for aperiodic CSI-RS triggering,
· the number of CSI-RS resource sets per resource config (i.e., resource setting) is one for semi-persistent CSI-RS and periodic CSI-RS, 
the M resourceconfigs (i.e., resource settings) at the highest level seems obsolete.

1. [bookmark: _Toc498515168][bookmark: _Toc498522113][bookmark: _Toc498660094]The highest level of M CSI-ResourceConfig is not needed for any of periodic, semipersistent and aperiodic CSI-RS resource configuration. 

QCI calculation
Interference and channel resources
In NR, the interference part can be measured from ZP CSI-RS or NZP CSI-RS and the channel part can be measured from NZP CSI-RS. The following are some RAN1 agreements regarding measuring interference from interference measurement resource (IMR) based on ZP-CSI-RS: 
NR#3
Agreement:
· Confirm the working assumption: NR supports semi-persistent IMR based on ZP CSI-RS for interference measurement for CSI feedback
RAN1#90bis
Agreement:
For ZP CSI-RS based IMR, following combinations of P/SP/AP CMR and IMR are supported
For semi-persistent CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	NO


For aperiodic CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	YES


Agreement:
At least the following patterns are supported for ZP CSI-RS for IMR:
One pattern from (2,1), (2,2), (4,1)

The updated L1 parameters [2] include some parameters for CSI-IM which is the IMR resource based on ZP-CSI-RS. Even the parameter list does not seem to include any distinction between aperiodic, periodic or semi-persistent CSI-IM but mainly looks like some basis for the periodic CSI-IM resource, it is clear that this resource is only for interference measurement.

	CSI-IM-Resource
	CSI-IM-ResourceConfig
	New
	CSI-IM-ResourceConfig
	CSI-IM resource configuration
	

	csi-im-ResourceId
	CSI-IM-ResourceConfigId
	New
	CSI-IM-ResourceConfigId
	CSI-IM resource configuration ID
	0 .. CSI-IM-ResourceMax  - 1

	csi-im-ResourceMapping
	CSI-IM-ResourceMapping
	New
	CSI-IM-ResourceMapping
	Include parameters to capture OFDM symbol
 and subcarrier occupancy of the CSI-IM resource within a slot
	symbol locations: [0..13]
subcarrier locations: [0..9]

	
	CSI-IM-RE-pattern
	New
	CSI-IM-RE-pattern
	The resource element pattern for the CSI-IM resource
	(2,2) or (4,1)




1. [bookmark: _Toc498515169][bookmark: _Toc498522114][bookmark: _Toc498660095]Parameter measQuantity is not needed to point out that CSI-IM resource is for interference measurement as it is used for interference calculation by default.
1. [bookmark: _Toc498515170][bookmark: _Toc498522115][bookmark: _Toc498660096]Parameter measQuantity is not needed to point out that NZP CSI-RS resource is for channel measurement as it is used for channel calculation by default.
There is not yet much input from RAN1 on the need for measQuantity to indicate when NZP-CSI-RS is used as interference measurement resource and for CQI emulation. If and when this need for measQuantity becomes clear (before/after 1st drop), this can be further discussed.  It is also possible to include flag in the CSI-RS resource level that indicates if NZP-CSI-RS resource is used for interference detection or not.
[bookmark: _Toc498033610][bookmark: _Toc498497630][bookmark: _Toc498515075][bookmark: _Toc498522107][bookmark: _Toc498660100][bookmark: _Toc498660601]Parameter measQuantity, or a similar signalling mechanism (i.e., a flag), is needed to indicate if NZP CSI-RS resource is used for interference measurement or not.

CQI calculation based on IMR
Then, in order for the UE to be actually able to calculate CQI, there needs to be one channel measurement resource (CMR) and at least one interference measurement resource(IMR). For periodic and semi-persistent resources, it was agreed that there is only one set of NZP CSI-RS resources per CSI-RS configuration for channel part. For aperiodic resources, the DCI triggers one set of NZP-CSI-RS resources for UE to consider for channel part. The interference part would be from CSI-IM. 
To link channel part with interference part, RAN1 has defined a MeasLinkConfig which provides “Link configurations” which contains IDs of linked reporting and resource configurations: ReportConfigId, ResourceConfigId
-- Linking a CSI-RS-ResourceConfig with a CSI-ReportConfig
CSI-MeasIdToAddMod ::=					SEQUENCE {
	csi-measId								CSI-MeasId,
	csi- RS-resourceConfigId					CSI-ResourceConfigurationIdCSI-RS-ConfigurationId,
	csi-reportConfigId						CSI-ReportConfigId,	
	-- For CQI-Emulation, i.e., how to measure and compute the CQI. 
	-- CHECK: Clarify further what the values mean. 
	-- CHECK: Is there a need to inform the UE which resource to use for which measurement (signal, interference, ...)?
	measQuantity							ENUMERATED {channel, interference}
}

This IE gives link between reporting configuration and resource configuration with a similar structure to which is used for RRM and it resembles CSI-process of LTE. Another purpose of the MeasLinkConfig was to link channel and interference measurement resources to the CSI-reportConfig, and MeasQuantity parameter differentiates between the channel and interference measurement resources.  The MeasQuantity that would define a ResourceConfig linked in the MeasLink as channel or as interference:
measQuantity							ENUMERATED {channel, interference}
 
First, a resource configuration including CSI-IM configuration does not need a parameter to tell it is for interference measurement as observed in previous section.
If we forget this detail and try to look how the MeasLinkConfig(CSI-MeasIdToAddMod in 38.331) is supposed to be used we have the following. A UE would combine TWO resourceConfig(Ids), one for channel and one for interference, from TWO MeasLinks that correspond same reportConfigs, in order to calculate a single CQI. However, the text in CR R1-171xxxx_38.214_v112 for 38.214 in Section 5.2.2.1 channel quality indicator (CQI) says the following:

[bookmark: _Hlk498033277]If a UE is not configured with higher layer parameter MeasRestrictionConfig-time-interference, the UE shall derive the interference measurements for computing CQI value reported in uplink slot n and corresponding to the MeasLinkConfig in the CSI measurement setting, based on only the configured CSI resource setting within a configured MeasLinkConfig associated with the CSI resource setting. 
If a UE is configured with higher layer parameter MeasRestrictionConfig-time-interference the UE shall derive the interference measurements for computing the CQI value reported in uplink slot n and corresponding to the MeasLinkConfig in the CSI measurement setting, based on the most recent, no later than the CSI reference resource, occasion of CSI-IM (defined in [4, TS 38.211]) within configured MeasLinkConfig associated with the CSI resource setting. 

The yellow marked sentences attempt to describe from which resource UE should calculate interference. The CSI measurement setting might be interpreted as the CSI measurement configuration (top level IE) then one of the mentioned CSI resource settings might be CSI reporting configuration though neither is actually “within” a MeasLinkConfig. There is also a description for Measurement Link (where most of it, nonhighlighted part, seems to describe a MeasConfig(top level IE) instead of MeasLinkConfig).

[bookmark: _Toc498276278]5.2.1.3	Measurement Link
Each Link MeasLinkConfig in the higher layer-configured CSI measurement setting contains the CSI Reporting Setting indication, CSI Resource Setting Indication, and MeasQuantity an indication of the quantity to be measured which can be either channel measurement or interference measurement. A MeasConfig contains a list of reporting configurations (ReportConfigList), a list of resource configurations (ResourceConfigList), and a list of link configurations (MeasLinkConfigList).  ReportConfigMax indicates the maximum number of report configurations, ResourceConfigMax indicates the maximum number of resource configurations, MeasLinkConfigMax indicates the maximum number of link configurations, ResourceSetMax indicates the maximum number of resources sets per resource configuration, CSI-RS-ResourcePerSetMax indicates the maximum number of CSI-RS resources per resource set, CSI-RS-ResourceMax indicates the maximum number of CSI-RS resources, and AperiodicReportTrigger contains trigger states for dynamically selecting one or more aperiodic reporting configurations.   

What seems to be missing (at least in this version of the RAN1 CR/spec) is the description for the UE which CSI-IM is used together with which NZP-CSI-RS to calculate a CQI. 
The current structure of using MeasLinkConfig for CQI calculation seems unnecessarily complicated and seems to introduce complex structure in both RAN1 and RAN2 specification which needs careful further effort to 

1. [bookmark: _Toc498515171][bookmark: _Toc498522116][bookmark: _Toc498660097]Use of several MeasLinkConfigs for CQI calculation results in complicated structure and specification effort in both RAN1 and RAN2.

Achieving same as with this complicated MeasLinkConfig structure, network can configure one CSI-IM resource directly to the set(P, SP reporting) or sets(AP reporting) of NZP CSI-RS resources for the UE, or directly associated to each NZP CSI-RS resource. There is a some difference with these approaches relating to what the UE in detail calculates as the metric e.g. for selecting CRI.

Option 1, for channel part, UE selects one NZP-CSI-RS resource out of the set (CRI) and combines that with one IMR associated with the set and forms the CQI.

Option 2, each NZP-CSI-RS in a set is associated with CSI-IM and UE calculates CQI for each option and selects the CRI. This is the LTE FD-MIMO configuration, though there as well network may give the same CSI-IM for each NZP CSI-RS in the CLASS B option.
As option 1 is preferred. Further this linking is proposed to be done in reporting config. 

[bookmark: _Toc498033611][bookmark: _Toc498497631][bookmark: _Toc498515076][bookmark: _Toc498522108][bookmark: _Toc498660101][bookmark: _Toc498660602]Instead of using combination of multiple MeasLinkConfigs to calculate on CQI, link IMR resource directly to a set of NZP-CSI-RS resource in the reportingConfig.


CQI calculation and reporting with NZP CSI-RS as interference resource
In recent RAN1 meetings, the following agreements were made:

NR#3
Agreement:
UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:
· Alt.1, a single CSI-RS resource for both channel and interference measurement
· Alt.2, separately configured CSI-RS resources for channel and interference measurement 
· UE shall assume each port in the set corresponds to an interference layer  
· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM

RAN1#90bis
Agreement:
· A set of NZP CSI-RS resource(s) is configured to a UE for channel and interference measurements, where
· A subset of the set of NZP CSI-RS resource(s) are for channel measurement and another subset of the set of NZP CSI-RS resource(s) are for interference measurement
· Network indicates via DCI the subset of NZP CSI-RS resource(s) for channel measurement and the subset of CSI-RS resource(s) for interference measurement
· FFS: Whether the DCI indication is the dynamic triggering of one or multiple CSI reporting setting(s) or not
· FFS: some CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped or not
· UE assumes each port of channel measurement NZP CSI-RS resource(s) corresponds to a desired layer if no PMI and RI feedback

 
Based on the above agreements from RAN1, one can see that this framework has still open issues to be decided in RAN1. One understanding is that the NZP-CSI-RS would be assumed in addition to CSI-IM from which “external” interference would be measured. This means that NZP-CSI-RS as interference could be added also in the reporting config to be considered by the UE in combination to NZP-CSI-RS for channel and CSI-IM.
1. [bookmark: _Toc498515172][bookmark: _Toc498522117][bookmark: _Toc498660098]Calculating CQI using NZP-CSI-RS as interference RS seems not complete yet.


[bookmark: _Toc498515077][bookmark: _Toc498522109][bookmark: _Toc498660102][bookmark: _Toc498660603]Implement the flag for “NZP-CSI-RS resource as interference” when the CSI calculation based on NZP-CSI-RSs is mature to be implemented in ASN1 and for now remove parameter measQuantity.

L1-RSRP reporting
RAN1 agreements relating L1-RSRP reporting are:
Agreement:
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 
· FFS: whether the set of SSBs is all of the SSB beams or a subset of them
· Alt1: Support configuration of SSB resources within a resource setting for beam management.
· L1-RSRP measurement on these resources is reported
· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.
· L1-RSRP measurement on these resources is reported
· Down-select between the two options

Based on the agreements from RAN1, one can see that this framework has still open issues to be decided in RAN1. 
1. [bookmark: _Toc498515173][bookmark: _Toc498522118][bookmark: _Toc498660099]L1-RSRP reporting seems not complete yet.

ASN1 for CSI-MeasConfig
Appendix includes a TP/CR on top of CSI-MeasConfig IE that resulted from the L1 parameter email discussion that is not yet merged with latest version of 38.331. The TP implements the proposals of this paper as well as the CSI-IM related parameters. The IE had ZP-CSI-RS configuration for which the parameters where included in the previous version of the L1 RRC parameter file but not in the latest one. This is because the discussion for ZP CSI-RS for use of rate matching is still ongoing in RAN1..
The proposed structure in short:
· MeasConfig gives UE lists of NZP-CSI-RS sets, CSI-IM resources and CSI-Reporting configurations
· Corresponds similar list operations of LTE IE physicalconfigdedicate (addmod operations added later)
· IE to configure NZP-CSI-RS resource sets where each set is either periodic, semi-persistent or aperiodic
· IE for individual NZP-CSI-RS resource configuration 
· IE for CSI-IM resource configuration where RS for channel and interference calculation are pointed
· IE for reporting configuration
· IE for MeasLinkConfig which does almost same as LTE CSI-process, has ID, links reporting config to resourceconfig but it does not have CSI-IM as that is linked to each individual NZP-CSI-RS resource


[bookmark: _Toc498522110][bookmark: _Toc498660103][bookmark: _Toc498660604]Adopt the revised CSI-MeasConfig IE shown in the appendix as baseline for further discussion.

Conclusion
[bookmark: _Hlk485398789][bookmark: _Hlk485400682]In this contribution, we made the following observations and proposals:
[bookmark: _Toc485314138]In section 2 we made the following observations:
Observation 1	For periodic and semi persistence, there is no need for both resource configuration and resource set levels.
Observation 2	Aperiodic triggering is done by DCI on resource set level and CSI-RS resource sets can be triggered across resource configurations (i.e., resource settings).
Observation 3	The highest level of M CSI-ResourceConfig is not needed for any of periodic, semipersistent and aperiodic CSI-RS resource configuration.
Observation 4	Parameter measQuantity is not needed to point out that CSI-IM resource is for interference measurement as it is used for interference calculation by default.
Observation 5	Parameter measQuantity is not needed to point out that NZP CSI-RS resource is for channel measurement as it is used for channel calculation by default.
Observation 6	Use of several MeasLinkConfigs for CQI calculation results in complicated structure and specification effort in both RAN1 and RAN2.
Observation 7	Calculating CQI using NZP-CSI-RS as interference RS seems not complete yet.
Observation 8	L1-RSRP reporting seems not complete yet.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	Parameter measQuantity, or a similar signalling mechanism (i.e., a flag), is needed to indicate if NZP CSI-RS resource is used for interference measurement or not.
Proposal 2	Instead of using combination of multiple MeasLinkConfigs to calculate on CQI, link IMR resource directly to a set of NZP-CSI-RS resource in the reportingConfig.
Proposal 3	Implement the flag for “NZP-CSI-RS resource as interference” when the CSI calculation based on NZP-CSI-RSs is mature to be implemented in ASN1 and for now remove parameter measQuantity.
Proposal 4	Adopt the revised CSI-MeasConfig IE shown in the appendix as baseline for further discussion.
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Appendix A
–	CSI-MeasConfig
The CSI-MeasConfig IE is used to configure the UE for measuring CSI-RS (reference signals) and for reporting those measurements on L1 (PUCCH, PUSCH) as channel state information. 

CSI-MeasConfig information element
-- ASN1START
-- TAG-CSI-MEAS-CONFIG-START

-- Top level parameter for CSI/BM framework. Contains lists of  reporting, resource, and link configurations (see 38.214, section 5.2)
CSI-MeasConfig ::=					SEQUENCE {
	csi-ResourceConfigurations 			SEQUENCE (SIZE (1..maxNrofCSI-ResrouceConfigurations) OF CSI-ResourceConfiguration 		OPTIONAL,
	csi-ResourceSets 	 				SEQUENCE (SIZE (1..maxNrofCSI-ResourceSets) OF CSI-ResourceSet			OPTIONAL,
	csi-im-Resources 	 				SEQUENCE (SIZE (1.. maxNrofCSI-IM-Resources) OF CSI-IM-Resource
	csi-ReportConfigurations			SEQUENCE (SIZE (1..maxNrofCSI-Reports)) OF CSI-ReportConfig										OPTIONAL,
	csi-MeasIdToAddModList				SEQUENCE (SIZE (1..maxNrofCSI-MeasId) OF CSI-MeasIdToAddMod										OPTIONAL,

	-- Contains trigger states for dynamically selecting one or more aperiodic and semi-persistent reporting configurations
	-- CHECK: Is this the appropriate place for the IE or should it be inside the resource configuration or in a set?
	aperiodicRreportTrigger					TYPE_FFS!
}


-- One CSI resource configuration comprising of one or more resource sets
CSI-ResourceConfiguration ::= 				SEQUENCE {

	csi-ResourceConfigurationId					CSI-ResourceConfigurationId,
	csi-ResourceSets 	 						SEQUENCE (SIZE (1..maxNrofCSI-ResourceSets) OF CSI-ResourceSet	

	resourceType							CHOICE {
		aperiodic								NULL, 
		semiPersistent, 						SEQUENCE {
			-- Periodicity and slot offset 
			csi-RS-timeConfig						TYPE_FFS!,
		},
		periodic								SEQUENCE {
			-- Periodicity and slot offset 
			csi-RS-timeConfig						TYPE_FFS!,
		}
	}}

CSI-ResourceConfigurationId ::= INTEGER (0..maxNrofCSI-ResourceConfigurations-1)

--	A set of CSI-RS resources (their IDs) for which DCI indicates whether or not these CSI-RS resources are currently present or not. 
CSI-ResourceSet ::= 					SEQUENCE {
	-- FFS: Where is the CSI-ResourceSetId used? CSI-ResourceSetId used in DCI and MAC CEs
	csi-ResourceSetId						CSI-ResourceSetId,
	-- FFS: Better make the csi-rs-Resources a common pool on CSI-MeasConfig level? Global ID needed, can also be a common pool and here just list of IDs, with latter just need to be carefull with parameter resourceType, or move resourceType to each resource and be careful which resources are put in one set.
	csi-rs-Resources						SEQUENCE (1..maxNrofCSI-RS-ResourcesPerSet) OF CSI-RS-Resource,
	-- Indicates whether repetition is on/off. Repetition on (off), means that The UE can (cannot) assume that 
	-- the network maintains a fixed TX beam over the resources in the set.
	repetition								BOOLEAN
	resourceType							CHOICE {
		aperiodic								NULL, 
		semiPersistent, 						NULL,
		periodic								NULL
		}
}

CSI-ResourceSetId ::= INTEGER (0..maxNrofCSI-ResourceSets-1)

-- A CSI-RS (reference signal) resource which the UE may be configured to measure on (see 38.214, section 5.2.1.3.1)
NZP-CSI-RS-Resource ::=						SEQUENCE {
	nzp-csi-rs-ResourceId						NZP-CSI-RS-ResourceId,
	-- Number of ports (see 38.214, section 5.2.1.2)
	nrofPorts								ENUMERATED {p1,p2,p4,p8,p12,p16,p[24],p32},
	-- OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot (see 38.214, section 5.2.1.3.1)
	csi-RS-RresourceMapping					TYPE_FFS!,
	-- CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only) (see 38.214, section 5.2.1.3.1)
	cdm-Value								ENUMERATED {n1, n2, n4, n8},
	cdm-Pattern								ENUMERATED {freqOnly, timeAndFreq, timeOnly},
	-- Density of CSI-RS resource measured in RE/port/PRB (see 38.214, section 5.2.1.3.1)
	csi-RS-Density							TYPE_FFS!,
	-- Wideband or partial band CSI-RS (see 38.214, section 5.2.1.3.1)
	csi-RS-FreqBand							TYPE_FFS!,
	-- Power offset of NZP CSI-RS RE to PDSCH RE, corresponds to parameter Pc (see 38.214, section 5.2.1.3.1)
	powerControlOffset						TYPE_FFS!,
	-- Scrambling ID (see 38.214, section 5.2.1.3.1)
	scramblingID							TYPE_FFS!,
	-- Periodicity and slot offset 
	csi-RS-timeConfig						TYPE_FFS!
}

NZP-CSI-RS-ResourceId ::= 						INTEGER (0..maxNrofNZP-CSI-RS-Resources-1)

ZP-CSI-RS-Resource ::= 						SEQUENCE {
	zp-csi-rs-ResourceId						ZP-CSI-RS-ResourceId,
	-- OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot (see 38.214, section REF)
	resourceMapping								TYPE_FFS!,

}

ZP-CSI-RS-ResourceId ::= 					INTEGER (0..maxNrofZP-CSI-RS-Resources-1)


CSI-IM-Resource ::= 						SEQUENCE {
	csi-im-ResourceId						CSI-IM-ResourceId,
	-- OFDM symbol and subcarrier occupancy of the CSI-IM resource within a slot (see 38.214, section REF)
	csi-im-resourceMapping					SEQUENCE {
		symbol-location						INTEGER (0..13)				
		sc-location							INTEGER (0..9)		
	},
  --values for {n1,n2}= {2,2} or {4,1}
	csi-im-repattern						SEQUENCE {n1, n2}
}

CSI-IM-ResourceId ::= 					INTEGER (0..maxNrofCSI-IM-Resources-1)





-- Configuration of a CSI-Report sent on L1 (e.g. PUCCH) (see 38.214, section 5.2.1.2)
CSI-ReportConfig ::=					SEQUENCE {
	reportConfigId							CSI-ReportConfigId,
	-- Time domain behavior of reporting configuration
	reportConfigType						TYPE_FFS!,CHOICE {
		periodic								SEQUENCE {
			-- Periodicity and slot offset for periodic/semi-persistent reporting
			reportSlotConfig						TYPE_FFS!,
			-- Indicates which PUCCH resource to use for reporting on PUCCH.
			pucch-CSI-ResourceIndex					TYPE_FFS!
		},
		semiPersistent							SEQUENCE {
			-- Periodicity and slot offset 
			reportSlotConfig						TYPE_FFS!,
			-- Indicates which PUCCH resource to use for reporting on PUCCH.
			pucch-CSI-ResourceIndex					TYPE_FFS!
		},
		aperiodic								SEQUENCE {
			-- Timing offset Y for aperiodic reporting. A particular value is indicated in DCI. (see 38.214, section REF)
			aperiodicReportSlotOffset				TYPE_FFS!
		}
	},
	-- The CSI related quanities to report (see 38.214, section REF)
	reportQuantity							SEQUENCE {ENUMERATED {CRI-RI-PMI-CQI, CRI-RI-i1, CRI-RI-i1-CQI, CRI-RI-CQI, CRI, CRI-RSRP, spare1, spare0},
		-- Number of beams to report for group based beam reporting (see 38.214, section REF)
		-- CHECK: wouldn’t it fit better under groupBasedBeamReporting?
		nrofBeamsToReport						TYPE_FFS!
	},
	-- Reporting configuration granularity in the frequency domain. Enables configuration of at least subband or wideband PMI and CQI reporting separately.
	reportFreqGranularityConfiguration					TYPE_FFS! SEQUENCE {
		-- Indicates whether the UE shall report a single (wideband) or multiple (subband) CQI. (see 38.214, section REF)
		cqi-FormatIndicator						ENUMERATED { widebandCQI, subbandCQI },
		-- Indicates whether the UE shall report a single (wideband) or multiple (subband) PMI. (see 38.214, section REF)
		pmi-FormatIndicator						ENUMERATED { widebandPMI, subbandPMI },
		-- Indicates a contiguous or non-contigous subset of subbands in the bandwidth part which CSI shall be reported 
		-- for. FFS: Each bit in the bit-string represents one subband. The right-most bit in the bit string represents the 
		-- lowest subband in the BWP. (see 38.214, section REF)
		-- FFS: Size of the bitmap. Introduce a CHOICE with different bitmap lengths?
		csi-ReportingBand						BIT STRING (SIZE (FFS))
	},
	-- Time domain measurement restriction for the channel (signal) measurements and the RS set.
	measRestrictionTimeForChannel			TYPE_FFS!,
	csi-ResourceSetId						CSI-ResourceSetId,
	-- Time domain measurement restriction for interference measurements and the RS.
	measRestrictionTimeForInterference		TYPE_FFS!,
	csi-im-ResourceId						CSI-IM-ResourceId,
	-- Codebook configuration for Type-1 or Type-II including codebook subset restriction
	codebookConfig							CodebookConfig,
	-- Maximum number of CQIs per CSI report (cf. 1 for 1-CW, 2 for 2-CW)	
	nrofCQIsPerReport						ENUMERATED {n1, n2},
	-- Turning on/off group beam based reporting
	groupBasedBeamReporting					BOOLEAN
}

CSI-ReportConfigId ::= 					INTEGER (0..maxNrofCSI-ReportConfig-1)

-- Codebook configuration for Type-I and Type-II (see 38.214, section 5.2.1.2)
CodebookConfig ::= 						SEQUENCE {
	-- Number of antenna ports in first dimension
	codebookConfig-N1						ENUMERATED {n1,n2,n3,n4,n6,n8,n12,n16},
	-- Number of antenna ports in second dimension
	codebookConfig-N2						ENUMERATED {n1,n2,n3,n4},
	-- Codebook subset restriction for the different codebooks
	codebookSubsetRestriction				SEQUENCE {
		-- Restriction for Rank Indicator (RI) selection
		ri-Restriction							TYPE_FFS!,

	},

	codebookType 							CHOICE {
		type1 									SEQUENCE {
			-- The sub-type to use (see 38.214, section 5.2.1.2)
			subType									ENUMERATED {TypeI-SinglePanel, TypeI-MultiPanel},
			-- Switch between Config 1 and Config 2
			codebookMode							ENUMERATED {config1, config2},
			-- Number of panels, Ng, used in multi-panel codebook
			numberOfPanels							ENUMERATED {2panels, 4panels}					OPTIONAL		-- Cond TypeI-MultiPanel
			codebookSubsetRestrictionType1			CHOICE {
				-- Only applicable of TypeI Single Panel codebook configured and CodebookConfig-N1 and CodebookConfig-N2 are both equal to one.
				singlePanel2TX							BIT STRING (SIZE (6)),
				-- Applicable for TypeI Single Panel if CodebookConfig-N1 and CodebookConfig-N2 are both not equal to one 
				-- and for Type I Multi-Panel. The size of the bitstring is N1*N2*O1*O2
				-- FFS: Clarify bitmap size with RAN1. Consider CHOICE for different bitmap sizes. 
				singleOrMultiPanel						BIT STRING (SIZE (FFS)),

		},
		type2									SEQUENCE {
			-- The sub-type to use (see 38.214, section 5.2.1.2)
			subType									ENUMERATED {TypeII, TypeII-PortSelection},
			-- The size of the PSK alphabet, QPSK or 8-PSK
			phaseAlphabetSize						ENUMERATED {n4, n8}
			-- If subband amplitude reporting is activated (true)
			subbandAmplitude						BOOLEAN,
			-- Number of beams, L,  used for linear combination
			numberOfBeams							ENUMERATED {2beams, 3beams, 4beams},
			-- The size of the port selection codebook (parameter d)
			portSelectionSamplingSize				ENUMERATED {n1, n2, n3, n4}					OPTIONAL		-- Cond TypeII-PortSelection
			-- Codebook subset restriction for Type II codebook. 
			-- FFS: Clarify the meaning of the bitmap
			-- FFS: The size of the bitmap is ceil(log2(nchoosek(O1*O2,4)))+8*N1*N2 ==> Clarify size. Present different bitmap sizes by CHOICE?
			codebookSubsetRestrictionType2			BIT STRING (SIZE (FFS))
		}
	}
}


-- Linking a CSI-RS-ResourceConfig with a CSI-ReportConfig
CSI-MeasIdToAddMod ::=					SEQUENCE {
	csi-measId								CSI-MeasId,
	csi-RS-resourceConfigId					CSI-ResourceSetIdCSI-RS-ConfigurationId,
	csi-reportConfigId						CSI-ReportConfigId,	

	-- For CQI-Emulation, i.e., how to measure and compute the CQI. 
	-- CHECK: Clarify further what the values mean. 
	-- CHECK: Is there a need to inform the UE which resource to use for which measurement (signal, interference, ...)?
	measQuantity							ENUMERATED {channel, interference}
}

CSI-MeasId ::= 							INTEGER (0..maxNrofCSI-MeasId-1)

-- CHECK: Do the BeamManagement parameters really belong into the CSI context? Or rather to RLF/RLM?
BeamManagement ::= 						SEQUENCE {	Comment by Ericsson: TODO: Use it somewhere and explain what it is used for.
	-- Use of PRACH or/and PUSCH for beam in some combination, details FFS	
	linkReconfigurationRequest				TYPE_FFS!													OPTIONAL,
}

-- TAG-CSI-MEAS-CONFIG-STOP 
-- ASN1STOP
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