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CSI Framework for Beam Management
Motivation
According to RAN1 agreements, both SS/PBCH blocks and CSI-RS resources can be used for beam management. When UE measures and chooses K best ones out of N beams for reporting, the SS/PBCH index or CSI-RS resource indicator associated with K best beams should be included in the reporting. Thus SS/PBCH block index may also be in the CSI report. In other parts of the specification, editor uses a name “SSBRI (SSB Resource Indicator)” for SS/PBCH block index. We can reuse this terminology. If the terminology will be changed in future, we also need to update the modification accordingly.

Suggestion 1: In Section 5.2.1 of TS 38.214, add SSBRI (SSB Resource Indicator) to the contents of CSI reporting.

For the following paragraph in Section 5.2.1.4 [1], the information about UE implementation (Marked in YELLOW) is provided. As a general principle, the detailed UE implementation should not be specified from the specification perspective.  
if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'ON', the UE may report in a single reporting instance up to number-of-beams-reporting L1-RSRP and CSI reports, where up to number-of-beams-reporting [CSI-RS and or SSB] resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters

Suggestion 2: In Section 5.2.1.4 of TS 38.214, remove the information about the UE implementation.

Text proposal
Section 5.2.1 of TS 38.214
Based on the above discussion, we make the following text proposal to capture the above suggestion and some typos for Section 5.2.1 of TS 38.214

/******************** Start of Text Proposal for Section 5.2.1 of TS 38.214*********************/
· [bookmark: _Toc501048179]5.2.1	Channel state information framework
The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. CSI may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SSB resource indicator (SSBRI), layer indication (LI), rank indication (RI) and/or and L1-RSRP.
For CQI, PMI, CRI, SSBRI, LI, RI, L1-RSRP, a UE is configured by higher layers with N≥1 ReportConfig Reporting Settings, M≥1 ResourceConfig Resource Settings, and a single MeasConfig measurement setting containing L≥1 Links. A MeasConfig contains a list of reporting configurations (ReportConfigList), a list of resource configurations (ResourceConfigList), a list of link configurations (MeasLinkConfigList) and a list of trigger states (ReportTrigger).
/******************** End of Text Proposal for Section 5.2.1 of TS 38.214*********************/

Section 5.2.1.4 of TS 38.214
Based on the above discussion, we make the following text proposal to capture the above suggestion for Section 5.2.1.4 of TS 38.214

/******************** Start of Text Proposal for Section 5.2.1.4 of TS 38.214*********************/
· [bookmark: _Toc501048183]5.2.1.4	Reporting configurations
The Reporting configuration for CSI can be aperiodic (using PUSCH), periodic (using PUCCH) or semi-persistent (using PUCCH, and DCI activated PUSCH). The CSI-RS Resources can be periodic, semi-persistent, or aperiodic. Table 5.2.1.4-1 shows the supported combinations of CSI Reporting configurations and CSI-RS Resource configurations and how the CSI Reporting is triggered for each CSI-RS configuration. Periodic CSI-RS is configured by higher layers. Semi-persistent CSI-RS is activated and deactivated as described in Subclause 5.2.1.5.2. Aperiodic CSI-RS is configured and triggered/activated as described in Subclause 5.2.1.5.1. 
· [bookmark: _Hlk498445902]Table 5.2.1.4-1: Triggering/Activation of CSI Reporting for the possible CSI-RS Configurations.
	CSI-RS Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	No dynamic triggering/activation
	For reporting on PUCCH: the UE receives an activation command [10, TS 38.321]; for reporting on PUSCH the UE receives triggering on DCI
	Triggered by DCI; additionally, activation command [10, TS 38.321] possible as defined in Subclause 5.2.1.5.2.

	Semi-Persistent CSI-RS
	Not Supported
	For reporting on PUCCH, the UE receives an activation command [10, TS 38.321]; for reporting on PUSCH the UE receives triggering on DCI
	Triggered by DCI; additionally, activation command [10, TS 38.321] possible as defined in Subclause 5.2.1.5.2.

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	Triggered by DCI; additionally, activation command [10, TS 38.321] possible as defined in Subclause 5.2.1.5.2.



When the UE is configured with the higher layer configured parameter Number-CQI set to '1', a single CQI is reported for one codeword per CSI report. When the UE is configured with the higher layer configured parameter Number-CQI set to '2' is configured, one CQI for each codeword is reported per CSI report. The Number-CQI is contained in ReportConfig.
When the UE is configured with higher layer parameter ResourceSetConfig and when the higher layer parameter CSI-RS-ResourceRep is set to 'OFF', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause [TBD] of [5, TS 38.212] and report the number in each CRI report. When the higher layer parameter CSI-RS-ResourceRep is set to 'ON', CRI is not reported. 
When a UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RI/PMI/CQI’, ‘CRI/RI/i1’, ‘CRI/RI/i1/CQI’, ‘CRI/RI/CQI’ or ‘CRI/RI/LI/PMI/CQI’, and multiple resources are configured in the corresponding resource set for channel measurement, the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI.
For a periodic or semi-persistent CSI report, the  periodicity (measured in slots) and slot offset are configured by the higher layer parameter reportSlotConfig. 
When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP' or ‘SSBRI/RSRP’
-	if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'OFF', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different [CRI and SSBRI (SSB Resource Indicator)] for each report setting. If the higher layer parameter nrofReportedRS is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size. If the higher layer parameter nrofReportedRS is configured to be larger than one, the UE shall use largest L1-RSRP and differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value and the differential L1-RSRP uses a 4-bit value. The differential L1-RSRP values are computed with 2 dB step size with a reference to the largest L1-RSRP value which is part of the same L1-RSRP reporting instance. 
-	if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'ON', the UE may report in a single reporting instance up to number-of-beams-reporting L1-RSRP and CSI reports, where up to number-of-beams-reporting [CSI-RS and or SSB] resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
For L1-RSRP computation
-	the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH Block resource.
-	the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. The total number of different CSI-RS resources over all resource sets is no more than 128
.…………
/******************** End of Text Proposal for Section 5.2.1.4 of TS 38.214*********************/

Beam Indication
Motivation
In TS 38.212 [2], the DCI format 1-0 doesn’t have the 'Transmission Configuration Indication' field. That is to say, DCI format 1-0 will not support the dynamic indication of TCI states. Thus the indication configured in the CORESET configuration for a presence or absence of a transmission configuration indication (TCI) field is only applicable for DCI format 1-1. However, the current description in Section 10.1 of TS 38.213 [3] says that such indication may be applicable for both DCI format 1-0 and DCI format 1-1,which is not aligned with the agreements. We need to correct it.

Suggestion 3: In Section 10.1 of TS 38.213, correct that the indication configured in the CORESET configuration for a presence or absence of a transmission configuration indication (TCI) field is only applicable for DCI format 1-1.

The higher layer parameter PUCCH-Spatialrelationinfo can configure one or more values for the spatial setting of a PUCCH. If only one value is configured, UE will use the single value as the spatial setting. If more than one value are configured, a selection command is needed to select one value for the spatial setting of PUCCH. In the current description of TS 38.213, the spatial setting of PUCCH has not been specified in the period between the RRC configuration of multiple values via PUCCH-Spatialrelationinfo and the reception of the corresponding selection command. A natural way is that the transmission of PUCCH uses the same UL Tx beam of Msg.3 transmission in this period.

Suggestion 4: In Section 9.2.1 of TS 38.213, specify the spatial setting of PUCCH for the period between the RRC configuration of multiple values via PUCCH-Spatialrelationinfo and the reception of the corresponding selection command.

For the DCI format 0-1, there is no DCI field to indication the information of UL Tx beam. Thus we need to specify the spatial setting for the PUSCH scheduled by DCI format 0-1 in the specification. In order to facilitate the discussion, we classify such PUSCH transmissions into two cases:
1. Before the RRC configuration of PUCCH spatial setting: Since there are no other reference, it is a natural way to use the same UL Tx beam of Msg3 PUSCH for the PUSCH transmission.
2. After the RRC configuration of PUCCH spatial setting: It is reasonable to assume that the UL Tx beam for PUCCH is also suitable for PUSCH. Thus PUSCH can use the same UL Tx beam of PUCCH.

Suggestion 5: In Section 6.1 of TS 38.214, specify the spatial setting of PUSCH transmission cheduled by the DCI format 0-1.

Text proposal
Section 10.1 of TS 38.213
Based on the above discussion, we make the following text proposal to capture the above suggestion for Section 10.1 of TS 38.213

/******************** Start of Text Proposal for Section 10.1 of TS 38.213*********************/
· [bookmark: _Ref505198911][bookmark: _Toc505848936][bookmark: _Ref491451763][bookmark: _Ref491466492][bookmark: _Toc492222143]10.1	UE procedure for determining physical downlink control channel assignment 
.…………




For each DL BWP configured to a UE in a serving cell, a UE can be provided by higher layer signalling with  control resource sets where . For control resource set ,  where a UE-specific search space, a Type2-PDCCH common search space, or a Type3-PDCCH common search space is mapped, the higher layer signalling provides:
· a control resource set index by higher layer parameter CORESET-ID;
· a DM-RS scrambling sequence initialization value by higher layer parameter PDCCH-DMRS-Scrambling-ID;
· a number of consecutive symbols provided by higher layer parameter CORESET-time-duration; 
· a set of resource blocks provided by higher layer parameter CORESET-freq-dom;
· a CCE-to-REG mapping provided by higher layer parameter CORESET-CCE-to-REG-mapping-type;
· a REG bundle size, in case of interleaved CCE-to-REG mapping, provided by higher layer parameter CORESET-REG-bundle-size;
· a cyclic shift for the REG bundle interleaver [4, 38.211] by higher layer parameter CORESET-shift-index; 
· an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by higher layer parameter TCI-StatesPDCCH, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception;
· 
an indication for a presence or absence of a transmission configuration indication (TCI) field for DCI format 1_0 or DCI format 1_1 transmitted by a PDCCH in control resource set , by higher layer parameter TCI-PresentInDCI.



For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter CORESET-freq-dom provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting position  where the first PRB of the first group of 6 PRBs has index . 
.…………
/******************** End of Text Proposal for Section 10.1 of TS 38.213*********************/

Section 10.1 of TS 38.213
Based on the above discussion, we make the following text proposal to capture the above suggestion for Section 9.2.1 of TS 38.213

/******************** Start of Text Proposal for Section 10.1 of TS 38.213*********************/
· [bookmark: _Ref498101660][bookmark: _Toc505848926]9.2.1	PUCCH Resource Sets
If a UE has not established an RRC connection [12, TS 38.331], the UE is provided by SystemInformationBlockType1 an index to a row of Table 9.2.1-1 providing a set of PUCCH resources for HARQ-ACK transmission. The UE is not expected to generate more than one HARQ-ACK information bit.   
If a UE has established an RRC connection, the UE is provided by higher layers with one or more of the following higher layer parameters:
· PUCCH-format0 providing a resource for PUCCH transmission with PUCCH format 0;
· PUCCH-format1 providing a resource for PUCCH transmission with PUCCH format 1;
· PUCCH-format2 providing a resource for PUCCH transmission with PUCCH format 2;
· PUCCH-format3 providing a resource for PUCCH transmission with PUCCH format 3;
· PUCCH-format4 providing a resource for PUCCH transmission with PUCCH format 4.
A PUCCH resource includes one or more of the following parameters:
· an index of the first symbol
· for PUCCH format 0 or PUCCH format 2 the index of the first symbol index is indicated by higher layer parameter PUCCH-F0-F2-starting symbol;
· for PUCCH format 1, PUCCH format 3, or PUCCH format 4, the index of the first symbol is indicated by higher layer parameter PUCCH-F1-F3-F4-starting-symbol;
· a number of symbols 
· for PUCCH format 0 or PUCCH format 2, the number of symbols is indicated by higher layer parameter PUCCH-F0-F2-number-of-symbols; 
· for PUCCH format 1 or PUCCH format 3, or PUCCH format 4, the number of symbols is indicated by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols;  
· an index of the first PRB prior to frequency hopping or for no frequency hopping by higher layer parameter PUCCH-starting-PRB;
· an index of the first PRB after frequency hopping by higher layer parameter PUCCH-2nd-hop-PRB;
· a number of PRBs (for PUCCH format 2 or PUCCH format 3)
· for PUCCH format 2, the number of PRBs is indicated by higher layer parameter PUCCH-F2-number-of-PRBs; 
· for PUCCH format 3, the number of PRBs is indicated by higher layer parameter PUCCH-F3-number-of-PRBs; 
· frequency hopping 
· frequency hopping for a PUCCH resource is either enabled or disabled and is indicated by higher layer parameter PUCCH-frequency-hopping;
· an index of the cyclic shift (for PUCCH format 0 or PUCCH format 1)
· for PUCCH format 0 or PUCCH format 1, the index of the cyclic shift is indicated by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift;
· an index of an orthogonal cover code in case of PUCCH format 1
· the index of the orthogonal cover code is from a set determined as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F1-time-domain-OCC;
· an index of an orthogonal cover code in case of PUCCH format 4
· the index of the orthogonal cover code is from a set of {0, 1, 2, 3} as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F4-preDFT-OCC-index;
· a spreading factor for an orthogonal cover code in case of PUCCH format 4
· The spreading factor of PUCCH format 4 is from a set of {2, 4} as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F4-preDFT-OCC-length;
· a spatial setting provided by higher layer parameter PUCCH-Spatialrelationinfo if it provides a single value for higher layer parameter Spatialrelationinfo; otherwise, the spatial setting is provided by a selection command for the value of Spatialrelationinfo [11, TS 38.321]. 
If the higher layer parameter PUCCH-Spatialrelationinfo provides more than one value, UE should transmit the PUCCH using the same spatial domain transmission filter of Msg3 PUSCH in Subclause 8.3 before the reception of the corresponding selection command for spatial setting of the PUCCH.
A UE can be configured a number of sets of PUCCH resources by higher layer parameter PUCCH-resource-set, where the number of PUCCH resources in each set of PUCCH resources is provided by higher layer parameter PUCCH-resource-set-size and where a PUCCH resource in a set of PUCCH resources is indicated by higher layer parameter PUCCH-resource-index.  
.…………
/******************** End of Text Proposal for Section 9.2.1 of TS 38.213*********************/

Section 6.1 of TS 38.214
Based on the above discussion, we make the following text proposal to capture the above suggestion for Section 6.1 of TS 38.213

/******************** Start of Text Proposal for Section 6.1 of TS 38.214*********************/
· [bookmark: _Toc501048205]6.1	UE procedure for transmitting the physical uplink shared channel
[bookmark: _Hlk498514022]PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or semi-statically configured to operate according to Subclause 6.1.2.3 and according to Subclause 5.8.2 of [10, TS 38.321] upon the reception of higher layer parameter of UL-TWG-type1 without the detection of an UL grant in a DCI, or semi-persistently scheduled by an UL grant in a DCI after the reception of higher layer parameter of UL-TWG-type2.
For uplink, a maximum of 16 HARQ processes per cell is supported by the UE. 
For the PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, UE use the same spatial domain transmission filter of Msg3 PUSCH in Subclause 8.3 [6, TS 38.213] if the higher layer parameter PUCCH-Spatialrelationinfo for the spatial setting of PUCCH has not been configured; Otherwise, UE use the same spatial domain transmission filter of PUCCH.
/******************** End of Text Proposal for Section 6.1 of TS 38.214*********************/
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