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Beam Indication for PDSCH
Motivation
According to TS 38.214 [1], the quasi co-location types (QCL type) indicated by the higher layer parameter QCL-Type may take one or a combination of the following types
-   QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}
-   QCL-TypeB: {Doppler shift, Doppler spread}
-   QCL-TypeC: {average delay, Doppler shift}
-   QCL-TypeD: {Spatial Rx parameter}
Thus the following values are valid for QCL types:  
· {QCL-TypeA}
· {QCL-TypeB}
· {QCL-TypeA + QCL-TypeD}.

In RAN1#91 meeting [2], there was an agreement to address the QCL types associated with different DL reference RS within in one RS set:
· TCI-State structure for one RS set is either:
· DL Reference RS1| QCL_type1, DL Reference RS2| QCL_type2
· Note that there is no overlap of QCL_type1 and QCL_type2
· DL Reference RS1| QCL_type1
· Note that QCL_type1 and QCL_type2 are selected from {QCL types A, QCL types B, QCL types C, QCL types D}
· Note that if DL Reference RS1 and DL Reference RS2 are the same, both QCL types apply 


Based on the above agreement, two QCL types for one RS set should have no overlap with each other. Correspondingly, some QCL types cannot coexist with in one RS set. For example, the two values cannot be configured in one RS set for QCL types: {QCL-TypeA},  {QCL-TypeA + QCL-TypeD} since QCL-TypeA is the common item of these two values. 
In the current version of TS 38.214, the corresponding description is “For the case of two DL RSs, the QCL types shall not be the same”, which does not preclude the above example since {QCL-TypeA} is different from {QCL-TypeA + QCL-TypeD}. Thus the current sentence is not aligned with the agreement and we need to correct it.

Suggestion 1: In Section 5.1.5 of TS 38.214, specify that the two QCL types within one RS set should not have any overlap

In TS 38.212 [3], the DCI field used for indication of TCI state is named as “Transmission configuration indication” rather than TCI-States, which is an RRC parameter. However, TCI-States is widely used to refer to this DCI field in TS 38.214. Thus we need to fix it to ensure the alignment of TS 38.212 and TS 38.213.

Suggestion 2: In Section 5.1.5 of TS 38.214, correct the DCI field used for indication of TCI state to be “Transmission configuration indication”

In Section 5.1.5 of TS 38.214, there are two different UE behaviors defined for the cases regarding TCI-PresentInDCI  set as 'Disabled':
· One is for the case TCI-PresentInDCI  set as 'Disabled'
· The other is for the case TCI-PresentInDCI  set as 'Disabled' and the offset is less than a threshold
These two UE behaviors are colliding with each other. Thus we need to fix it. 

Let’s recall the corresponding agreement in RAN1#91 and RAN1#90bis meetings [2][4]:
Agreement:
· For the case when at least spatial QCL is configured/indicated, NR supports the beam indication for PDSCH as follows, if TCI field is present:
· The TCI field is always present in the associated DCI for PDSCH scheduling irrespective of same-slot scheduling or cross-slot scheduling.
· If the scheduling offset < threshold K: PDSCH uses a pre-configured/pre-defined/rule-based spatial assumption (details: FFS)
· FFS: The other QCL parameters are still obtained from the N-bit TCI state field in the DCI.
· FFS: How to update pre-configured/pre-defined spatial assumption (if applicable)
· Threshold K can be based on UE capability only if multiple candidate values of K are supported. 
· If the scheduling offset >= threshold K: PDSCH uses the beam (spatial QCL parameter) indicated by the N-bit TCI field in the assignment DCI.
Agreement:
When the scheduling offset is <=k, the PDSCH uses QCL assumption that is based on a default TCI state (e.g. the first state of the 2^N states used for PDSCH QCL indication)


Obviously, all the discussion for the case of the scheduling offset < threshold were carried out under the condition that TCI field is present.  Thus any corresponding conclusion should be only applicable for the case of TCI field is present. 

Suggestion 3: In Section 5.1.5 of TS 38.214, fix the UE behavior for the cases that TCI-PresentInDCI set as 'Disabled' and for the case that the scheduling offset < a threshold.

In RAN1#91 meeting [2], there was an agreement regarding the QCL assumption for the case that the scheduling offset < a threshold and TCI field is present:
Agreement:
· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state 
· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot


 In the above agreement, “that slot” means the slot in which the corresponding DCI scheduling occurs. Thus the intention of the agreement is that the QCL assumption is based on the CORESETs which are monitored by the UE at the corresponding DCI scheduling slot. In the current version of TS 38.214, “that slot” refers to the latest slot in which one or more CORESETs are configured. These two different ways may lead to different UE behavious:
· If UE is configured to monitor all CORESET in the same slot, these two ways will lead to the same result. 
· If UE is configured to monitor different CORESET in different slots (although these CORESETs with configured in the same slot), these two ways will lead to different results. 
Thus we should fix Section 5.1.5 to ensure the alignment with the RAN1 agreement.

Suggestion 4: In Section 5.1.5 of TS 38.214, fix the UE behavior for the cases that the scheduling offset < a threshold and TCI field is present.

Text proposal
Based on the discussions, we make the following text proposal to capture the above-mentioned suggestions and some minor corrections for Section 5.1.5 of TS 38.214

/******************** Start of Text Proposal for Section 5.1.5 of TS 38.214*********************/
· [bookmark: _Toc501048171]5.1.5	Antenna ports quasi-colocation
[bookmark: _Hlk500799851][bookmark: _Hlk500800106][bookmark: _Hlk500784100]The UE can be configured up to M TCI-States by higher layer signalling to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell where M depends on the UE capability. Each configured TCI state includes one RS set TCI-RS-SetConfig. Each TCI-RS-SetConfig contains parameters for configuring quasi co-location relationship between the reference signals in the RS set and the DM-RS port group of the PDSCH. The RS set contains a reference to either one or two DL RSs and an associated quasi co-location type (QCL-Type QCL type) for each one configured by the higher layer parameter QCL-Type. For the case of two DL RSs, the QCL types shall not contain any common item be the same, regardless of whether the references are to the same DL RS or different DL RSs. The quasi co-location types indicated to the UE are based on the higher layer parameter QCL-Type and may take one or a combination of the following types: 
-	QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}
-	QCL-TypeB: {Doppler shift, Doppler spread}
-	QCL-TypeC: {average delay, Doppler shift}
-	QCL-TypeD: {Spatial Rx parameter}
[bookmark: _Hlk500953403]The UE receives a selection command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field of transmission configuration indication TCI-states. Until a UE receives higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are spatially quasi co-located with the SSB  SS/PBCH block determined in the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters. When the number of TCI states in TCI-States is less than or equal to 8, the DCI field of transmission configuration indicationTCI-states directly indicates the TCI state.
If a UE is configured with the higher layer parameter TCI-PresentInDCI is set as 'Enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI DCI field of transmission configuration indication is present in the DL DCI of the PDCCH transmitted on the CORESET. If TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical wo to the TCI state applied for the CORESET used for the PDCCH transmission. 
[bookmark: _Hlk497994280][bookmark: _Hlk498002628][bookmark: _Hlk500790716]If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the case when TCI-PresentInDCI = 'Enabled',  and TCI-PresentInDCI = 'Disabled' If  if the offset is less than a threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi-colocation indication of the lowest CORESET-ID in the latest slot in which UE monitored PDCCH in one or more CORESETs are configured for the UEand received the corresponding DCI that scheduled the PDSCH.
/******************** End of Text Proposal for Section 5.1.5 of TS 38.214*********************/

CSI-RS for L1-RSRP Computation
Motivation
In the list of RRC parameters [5], there is ResourceRep instead of CSI-RS-ResourceRep to indicate whether the repetition is “on” or “off”. Thus it is natural to align the RRC parameters used in TS 38.214 and RRC parameters in the list [5].

Suggestion 5: In Section 5.1.6.1.2 of TS 38.214, change the parameter CSI-RS-ResourceRep to the parameter ResourceRep.

The RAN1 agreement regarding the configuration of repetition is as follows [4]:
Agreement:
Working assumption from RAN1#90 is confirmed:
For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
The set configuration contains an information element (IE) indicating whether repetition is “on/off”
Note: In this context, repetition “on/off” means:
“On”: The UE may assume that the gNB maintains a fixed Tx beam
“Off”: The UE can not assume that the gNB maintains a fixed Tx beam
Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols
Furthermore, the following details are agreed
CSI-RS resources in the resource set are TDMed if repetition is ON 
If repetition is ON, The UE does not expect different values for the following parameters across different CSI-RS resources within a resource set
Transmission periodicity
Number of antenna port subject to RAN4 decision
FFS for other parameters


Based on the agreement, there is no assumption about the antenna ports of the CSI-RS resources if the repetition is “off”. In this case, UE don’t need to make any assumption on the antenna ports of CSI-RS resources and only need to get such informatoion from the CSI-RS resource configuration.  Thus the following sentence in Section 5.1.6.1.2 of TS 38.214 is not aligned with the agreement:  “If the CSI-RS-ResourceRep is set to 'OFF', the UE may not assume that the CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter and with same NrofPorts in every symbol”. 

Suggestion 6: In Section 5.1.6.1.2 of TS 38.214, specify the UE’s assumption on the transmission of CSI-RS resources for the case CSI-RS-ResourceRep is set to 'OFF' .

In the current specification, there is no definition of “be spatially quasi co-located”. A more normal way is to say that “ be quasi co-located with respect to spatial Rx parameters”, which is aligned with the contents of Section 5.1.5 of TS 38.214.

Suggestion 7: In Section 5.1.6.1.2 of TS 38.214, Refine “spatially quasi co-located” to be “quasi co-located with respect to spatial Rx parameters”.

Text proposal
Based on the above discussion, we make the following text proposal to capture the above-mentioned suggestions and some minor corrections for Section 5.1.6.1.2 of TS 38.214

/******************** Start of Text Proposal for Section 5.1.6.1.2 of TS 38.214*********************/
[bookmark: _Toc501048175]5.1.6.1.2	CSI-RS for L1-RSRP computation
If a UE is configured with the higher-layer parameter CSI-RS-ResourceRepResourceRep set to 'ON', the UE may assume that the single-symbol CSI-RS resources, described in Subclause 5.2.2.3.1, within the resource set are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set. If the CSI-RS-ResourceRep ResourceRep is set to 'OFF', the UE may not assume that the CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter and with same NrofPorts in every symbol.
If a UE is configured with the higher layer parameter NrofPorts set to 'two', the UE shall compute a linear average of each CSI-RS port's RSRP. 
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located with respect to spatial Rx parameters and resource elements associated with CSI-RS are the outside of PRBs configured for CORESET.
The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located with respect to spatial Rx parameters and resource elements associated with CSI-RS are the outside of PRBs configured for SSB/PBCH SS/PBCH block.
/******************** End of Text Proposal for Section 5.1.6.1.2 of TS 38.214*********************/

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 has use a name “SSBRI (SSB Resource Indicator)”  to refer to 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 8: In Section 5.2.1 of TS 38.214, add SSBRI (SSB Resource Indicator) to the contents of CSI reporting.

Within the RRC parameter CSI-ResourceConfig, BWP-info is used to indicate the BWP where the CSI-RS is allocated. Thus the BWP information indicated by BWP-info is associated with the resource setting rather than the Reporting Setting.

Suggestion 9: In Section 5.2.1.1 of TS 38.214, delete “(higher layer parameter bandwidthPartId)”.

In the list of RRC parameters [5], the value range of the higher layer parameter ReportQuantity is {No Report, CRI/RI/PMI/CQI,  CRI/RI/i1, CRI/RI/i1/CQI, CRI/RI/CQI, CRI/RSRP, SSB index/RSRP, CRI/RI/LI/PMI/CQI}. Since the SSB-based beam management has been supported in Rel-15, the value of SSB index/RSRP can also trigger the L1-RSRP measurement and reporting for beam management.  In the current version of TS 38.214, such UE behavior is missing. Thus we should correct “When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP'” in Section 5.2.1.4 to “When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP' and/or SSB index/RSRP' ”. 

Suggestion 10: In Section 5.2.1.4 of TS 38.214,  change“When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP'” to “When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP' and/or SSB index/RSRP' ”.

For the following paragraph in Section 5.2.1.4, the information about UE implementation (Marked in YELLOW) is not necessary 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 11: In Section 5.2.1.4 of TS 38.214, remove the information about the UE implementation.

Text proposal

Section 5.2.1
Based on the above discussion, we make the following text proposal to capture Suggestion 8 and some minor corrections 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
[bookmark: _Hlk500777975]The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. CSI consists of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SSB resource indicator (SSBRI), strongest layer indication (SLI), rank indication (RI) and/or and L1-RSRP.
For CQI, PMI, CRI, SSBRI, SLI, RI, L1-RSRP, a UE is configured by higher layers with N≥1 ReportConfig Reporting Settings (ReportConfig), M≥1 ResourceConfig Resource Settings (ResourceConfig), and a single MeasConfig measurement setting (MeasConfig) 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 5.2.1.1
Based on the above discussion, we make the following text proposal to capture Suggestion 9 for Section 5.2.1.1 of TS 38.214
/******************** Start of Text Proposal for Section 5.2.1.1 of TS 38.214*********************/
· [bookmark: _Toc501048180]5.2.1.1	Reporting settings
Each Reporting Setting ReportConfig is associated with a single downlink BWP (higher layer parameter bandwidthPartId) and contains the reported parameter(s) for one CSI reporting band: 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, the strongest layer indicator (SLI), the reported L1-RSRP parameter(s), CRI, and SSBRI (SSB Resource Indicator). Each ReportConfig contains a ReportConfigID to identify the ReportConfig, a ReportConfigType to specify the time domain behavior of the report (either aperiodic, semi-persistent, or periodic), a ReportQuantity to indicate the CSI-related or L1-RSRP-related quantities to report, a ReportFreqConfiguration to indicate the reporting granularity in the frequency domain. For periodic/semi-persistent reporting, a ReportConfig contains a ReportSlotConfig to specify the periodicity and slot offset. For aperiodic reporting, a ReportConfig contains an AperiodicReportSlotOffset to specify a set of allowed values of the timing offset for aperiodic reporting (a particular value is indicated in DCI). The ReportFreqConfiguration contains parameters to enable configuration of at least subband or wideband PMI and CQI reporting separately. The ReportConfig can also contain MeasRestrictionConfig-time-channel to specify parameters to enable configuration of time domain measurement restriction for channel. The ReportConfig can also contain MeasRestrictionConfig-time-interference to specify parameters to enable separate configuration of time domain measurement restriction for interference. The ReportConfig can also contain CodebookConfig, which contains configuration parameters for Type-I or Type II CSI including codebook subset restriction.
/******************** End of Text Proposal for Section 5.2.1.1 of TS 38.214*********************/

Section 5.2.1.4
Based on the above discussion, we make the following text proposal to capture Suggestion 10/11 and some minor corrections for Section 5.2.1.4 of TS 38.214

/******************** Start of Text Proposal for Section 5.2.1.4 of TS 38.214*********************/
…………
For periodic or semi-persistent CSI reporting, the following periodicities (measured in slots) are configured by the higher layer parameter ReportPeriodicity: {5, 10, 20, 40, 80, 160, 320}. 
When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP' and/or 'SSB index/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/or 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. 
[bookmark: _GoBack]-	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 the associated CRI/SSBRICSI reports, where these up to number-of-beams-reporting [CSI-RS and and/or SSB SS/PBCH block] 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*********************/
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