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1 Introduction
In this contribution, we present Samsung’s views on the remaining QCL topics for completion of NR Phase 1.
2 QCL Parameters
Multiple QCL parameter set can be considered according to the use cases and characteristics of the CSI-RS. Example use cases and corresponding QCL parameter sets are shown below. Below, a unit resource refers to one of a port group, a CSI-RS resource, or a resource setting. 
· Case 1: CSI-RS ports in a CSI-RS resource or a resource setting are transmitted similarly to LTE CRS to cover the whole cell area with sectorization beams, and also provide time/frequency resolution. In this case, the CSI-RS can be configured as a QCL RS for all the DMRS ports corresponding to PDSCH/PDCCH in QCL parameter set 1, that is, {Doppler Spread, Doppler Shift, average gain, average delay, delay spread}. 
· Case 2: CSI-RS ports in a unit resource is transmitted in a wideband manner, and similarly to LTE CoMP scenario 4, the CSI-RS port-beam pattern of each unit resource covers a virtual sector or a TRP. These CSI-RS ports in the unit resource can be used for delay and gain parameter estimation. Hence, the unit resource can be configured as a QCL RS for all the DMRS ports in a DMRS port group corresponding to PDSCH or all the DMRS corresponding to a PDCCH in QCL parameter set 2, that is, {average gain, average delay, delay spread}.
· Case 3: CSI-RS ports in a unit resource is transmitted periodically or semi-persistently; or with high time-domain density. These CSI-RS may also be transmitted in an SFN manner from all the TRPs corresponding to a cell, similarly to Rel-10 LTE CoMP scenario 4. This CSI-RS unit resource can be used for Doppler parameter estimation. Hence, the unit resource can be configured as a QCL RS for all the DMRS ports in a DMRS port group corresponding to PDSCH or all the DMRS corresponding to a PDCCH in QCL parameter set 3, that is, {Doppler spread and Doppler shift}.
· Case 4: CSI-RS ports in a unit resource is directionally beamformed with a narrower coverage than the cell coverage, especially in coverage limited scenarios, e.g., 30GHz carrier frequency operation. In this case, UE Rx beamforming may also be applied, and a beam-pair links (BPL) need to be established between TRP Tx and UE Rx beams, in which UE keeps track of an Rx beam (or Rx beam set) corresponding to the unit resource TRP Tx beam. The CSI-RS ports in a unit resource can be provided for UE’s estimating QCL parameter set 4, that is, {spatial QCL parameters}. The spatial QCL parameters can be used for UE’s deriving Rx beam sets, and the unit resource can be indicated to the UE for PDSCH/PDCCH demodulation or beam refinement relying on another CSI-RS. 
Proposal 1: 
· At least the following QCL parameter sets are supported in NR:
· Set 1 = {average gain, and average delay, delay spread}
· Set 2 = {Doppler Spread, Doppler Shift}
· Set 3 = {Spatial parameters}
· A CSI-RS unit resource can be configured as a QCL RS for PDSCH/PDCCH demodulation in one or more QCL parameter sets. 
· Separate CSI-RS unit resources can be configured for different QCL parameter sets. 
· For QCL parameter set 2, periodic/semi-persistent/high-time-density CSI-RS should be configured. 
· For QCL parameter set 3, wideband/sufficient-frequency-density CSI-RS should be configured
3 QCL Relations for RRC CONNECTED above 6GHz 
In RAN1#90bis, the following working assumption were made on the QCL relations for RRC CONNECTED above 6GHZ operation. In this section, we present our views on this topic after going through each set of use-cases given below.
Working Assumption
After RRC for above 6 GHz
· [bookmark: _Hlk495483134]SSB  [TRS - if is supported for above 6GHz] w.r.t average delay, Doppler shift, spatial RX parameters
· [bookmark: _Hlk495483078]SSB  CSI-RS for BM w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  CSI-RS for CSI w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  DMRS for PDCCH (before TRS is configured) w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· SSB  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDCCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· [bookmark: _Hlk495483523]CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, [spatial RX parameters]
· CSI-RS for BM  CSI-RS for CSI w.r.t. spatial RX parameters


QCL relations : SSB  CSI-RS for BM, SSB  CSI-RS for CSI (red font above)
Following RAN1 #90 agreements in AI 7.2.3.7, it is already possible to configure spatial QCL relations between SSB  CSI-RS for BM. Specifically, the QCL relation between SSB  P CSI-RS for BM can be configured via RRC signalling, SSB  SP CSI-RS for BM can be configured via RRC + MAC-CE signalling and SSB  AP CSI-RS for BM can be configured via DCI signalling via the TCI mechanism. By configuring the appropriate QCL parameter sets (as defined in Proposal 1), the network can indicate whether the QCL relation applies for spatial RX parameters only or also include the other QCL parameter sets. To facilitate beam management based on SSB only, it should be possible to indicate QCL relation (covering all possible QCL parameter sets) between SSB  CSI-RS for CSI.
Observation 1: Configuring QCL relations between SSB  CSI-RS for CSI is crucial for NR to support beam management based on SSB only. 
QCL relations : SSB, CSI-RS for BM  DM-RS for PDSCH/PDCCH (green font above)
Following agreements in RAN1 #90, NR AH3 and RAN1 #90bis, in our view, it should be possible to configure QCL relations (covering all possible QCL parameter sets) between SSB  DM RS for PDSCH, and between CSI-RS for BM  DM RS for PDSCH. The relevant mechanism is via configuration of TCI states (RRC IE: TCI_States; parent IE: PDSCH-Config) and ensuring that the RS providing QCL reference is included within the corresponding RS set (s) (RRC IE: TCI-RS-SetConfig) configured per TCI state. 
Following the agreements in RAN1 #90 and the email discussion [90b-NR-23], RAN1 has already agreed that for the DM-RS of PDCCH, the QCL configuration/indication is on a per-CORESET basis, and this can be done by referencing the appropriate ID (via the RRC parameter: TCI-StateRefId) indexing the TCI_States parameter. This covers the configuration of QCL relations (covering all possible QCL parameter sets) between SSB  DM-RS of PDCCH and CSI-RS for BM  DM-RS of PDCCH.
Observation 2: Using TCI framework, it should be possible to configure QCL relations covering all possible parameter sets between SSB  DM-RS for PDSCH/PDCCH and between CSI-RS for BM  DM-RS for PDSCH/PDCCH.
QCL relations: CSI-RS for CSI  DM-RS for PDSCH and CSI-RS for BM  CSI-RS for CSI (blue font above)
Through the TCI State framework, the network can configure RS Sets containing CSI-RS for CSI to provide QCL relation (in terms of average delay, Doppler shift, delay spread, Doppler spread) between CSI-RS for CSI  DM-RS of PDSCH. The QCL relation between CSI-RS for BM  CSI-RS for CSI may be indicated via a separate RRC IE such as the proposed QCL-Info IE, which if agreed will be within the parent IE NZP-CSI-RS-ResourceConfig.
Proposal 2: Support configuration of QCL relation directly between SSB  CSI-RS for CSI. This is crucial for NR to support beam management based on SSB only.
Proposal 3: Convert the RAN1 #90bis working assumption into an agreement
3.1 Signalling QCL relations
As discussed in previous section, the indication of QCL relations can be categorized into 2 categories: Transmission Configuration Indication (TCI) framework based and RRC-based.
TCI-Framework: It has been agreed since RAN1 #90 that NR will support spatial indication of the DM-RS of PDSCH and PDCCH via the TCI framework. Per this framework, the UE is configured with M TCI states and each TCI state provides the UE with a set of DL RS index (-es) [e.g. SSB, CRI] for purposes of deriving its spatial QCL reference. That is, TCI state is used to implicitly establish a QCL relation between a reference RS and a target RS which corresponds to either DM-RS of PDSCH or DM-RS of PDCCH. The following example QCL relations, by no means exhaustive, are naturally provided via the TCI framework.
	Reference RS
	Target RS
	QCL parameter set
	Indication mechanism

	CSI-RS for CSI
	DM-RS of PDSCH
	Set 1 and Set 2
	TCI field in DCI 

	CSI-RS for BM
	DM-RS of PDSCH
	Set 3
	TCI field in DCI

	CSI-RS for BM
	DM-RS of PDCCH
	Set 3
	TCI field in DCI

	SSB
	DM-RS of PDSCH
	Set 3
	TCI field in DCI

	SSB
	DM-RS of PDCCH
	Set 3
	TCI field in DCI

	P/SP CSI-RS and SSB
	AP CSI-RS
	Set 3
	TCI field in DCI

	SSB
	SP CSI-RS
	Set 3
	TCI field in Activation MAC-CE 



Proposal 4: Use TCI framework for indication of at least the following QCL relations:
· Source RS (e.g. CRI, SSB) and DM-RS of PDSCH in terms of QCL parameter sets 1, 2 and 3
· Source RS (e.g. CRI, SSB) and DM-RS of PDCCH in terms of QCL parameter sets 1, 2 and 3
· P/SP CSI-RS and AP CSI-RS in terms of QCL parameter set 3 
· SSB and AP CSI-RS in terms of QCL parameter set 3
· SSB and SP CSI-RS in terms of QCL parameter set 3

RRC framework: An RRC framework for configuring QCL relations is useful for configuration of other QCL parameters as defined in parameter sets 1 and 2 such as the following below. In our view, a natural way to do so is via an RRC parameter QCL-Info (e.g. QCL relation(s), parameters, type, etc.) between a set of source and target RSs.

	Reference RS
	Target RS
	QCL parameter set
	Indication mechanism

	SSB
	CSI-RS for CSI
	Set 1 and Set 2
	RRC

	CSI-RS for BM
	CSI-RS for CSI
	Set 3
	RRC

	SSB
	P CSI-RS for BM 
	Set 3
	RRC

	SSB
	CSI-RS for Tracking
	Set 1, Set 2 and Set 3
	RRC

	CSI-RS for Tracking
	CSI-RS for CSI
	Set 1 and Set 2
	RRC



Proposal 5: Introduce RRC IE QCL-Info to configure at least following QCL relations: -
· SSB and CSI-RS for CSI reporting in terms of QCL parameter sets 1 and 2
· CRI used for BM and CSI-RS for CSI reporting in terms of QCL parameter set 3
· SSB and P CSI-RS for BM
· SSB and CSI-RS for Tracking in terms of QCL parameter sets 1, 2 and 3
· CSI-RS for Tracking and a CSI-RS for CSI reporting in terms of QCL parameter sets 1 and 2 
3.2 QCL between ZP and NZP CSI-RS
Another issue is related to the CSI estimation using NZP and ZP CSI-RS. Similar to LTE, NZP CSI-RS and ZP CSI-RS are used for channel and interference measurements in NR. For above 6GHz systems in which UE Rx beamforming is applied, it seems necessary for the network and UE to have the same understanding on the UE Rx beamforming for the channel and interference measurement. During the UE’s PDSCH reception, the channel and interference will be received with the same Rx beamforming. Hence, it seems necessary that the CSI is also derived with the same Rx beamforming for both NZP CSI-RS and ZP-CSI-RS. As Rx beamforming related procedure has been described using spatial QCL, the UE behaviour to use the same Rx beamforming for NZP CSI-RS and ZP-CSI-RS may also be described using the spatial QCL. However, as ZP CSI-RS was not associated with antenna port in the legacy specifications, the way of describing this UE behaviour may need to be further discussed. 
Proposal 6: Antenna port(s) of NZP CSI-RS can be QCL-ed with ZP CSI-RS w.r.t. {spatial Rx parameters}
· Note: This is for making UE to estimate channel and interference using the same Rx beam
4 QCL Indications for beam management 
In this section, we provide our updated views to close out the remaining issues on QCL. 
Following the email discussion [90bis-NR-19], it was left FFS whether or not to support QCL amongst ports within a CSI-RS resource. For flexible configuration, we propose to support whether or not the antenna ports within a unit resource and across unit resources are QCL-ed in a set of parameters. The configuration of “unit resource” could be in terms of a port group, CSI-RS resource or a CSI-RS resource set.
Proposal 7: UE can be configured that all the antenna ports within a “unit resource” are QCL’ed in a set of parameters; and the antenna ports across different unit resources are not QCL’ed in the set of parameters. The “unit resource” can be configured among (1) a port group (one or more ports in a group); (2) a CSI-RS resource; and (3) a CSI-RS resource set.Agreement: 
SP CSI-RS is activated with RRC + MAC CE

Agreement: 
The following P/SP/AP CSI-RS signaling options are supported:
QCL parameter
Reference RS
Target RS
Signalling mode
Reference RS and Target RS should belong to the same CC/BWP or not
Spatial
SSB
P CSI-RS
RRC

Can be on different CCs/BWPs
Spatial
SSB
SP CSI-RS
SP CSI-RS activation signal 

Can be on different CCs/BWPs
Spatial
P CSI-RS
Another P CSI-RS
RRC

Can be on different CCs/BWPs
Spatial
SSB or P/SP CSI-RS
AP CSI-RS
RRC or RRC+MAC CE for configuration,
indication with DCI 
Can be on different CCs/BWPs


4.1  Implicit update of TCI state upon SP CSI-RS activation/deactivation
A second consideration is that in RAN1 #90bis, a fairly comprehensive set of spatial QCL relations were defined as given in the following table. To resolve possible ambiguities, we attempt to clarify our understandings on some of the entries in below table. While it was agreed that SP CSI-RS activation is performed via RRC + MAC-CE and that the indication of spatial QCL between SSB  SP CSI-RS is performed via the SP CSI-RS activation signal, the exact signalling procedures need to be clarified further.
For SP CSI-RS, it is our understanding that the activation/deactivation MAC-CE signalling can be used to activate/de-activate a resource set containing SP CSI-RS. It is preferable to dynamically indicate the QCL with SSB as part of the MAC-CE activation signalling for SP CSI-RS. Given the dynamic nature of SP CSI-RS activation/deactivation signalling, it appears natural to indicate spatial QCL relation between an SP CSI-RS resource/resource set and SSB as part of the MAC-CE signalling. Figure 1 shows proposed UE operation when UE is configured with multiple semi-persistent CSI-RS resources. 

[image: ]
Figure 1. UE operation with multiple semi-persistent CSI-RS resources

As shown in Figure 1, only few CSI-RS resources can be activated among multiple semi-persistent CSI-RS resources which are configured to UE. In this case, UE can consider only activated CSI-RS resources are QCL’ed in a set of parameters. This operation can provide dynamic change of transmission scheme as well as DCI overhead reduction. For example, gNB may deactivate one of semi-persistent CSI-RS according when data transmission from the TRP which transmits the semi-persistent CSI-RS.
Proposal 8: Support indication of spatial QCL between an unit resource (e.g. resource, resource set) consisting of SP CSI-RS resources and SSB as part of the activation SP CSI-RS MAC-CE signalling.
· If multiple SP CSI-RS resources are configured in a “unit resource”, only activated CSI-RS resources are QCL’ed in a set of parameters.
4.2  Finalizing the TCI framework
The below text box captures the key agreements relating to the configuration and update of Transmission Configuration Indication (TCI) states. Agreement [NR AH3]:
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
•	Whether M equal to or larger than  is for further study, where N is the size of the DCI field for PDSCH
•	FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH

Agreement [RAN1 #90bis]:
›	Down-select to one of the following 2 options for the DCI field size for TCI in RAN1#91
–	Alt-1: Fixed number of bits [2 or 3] bits
–	Alt-2: A higher layer signaling parameter indicates the number of bits (2 or 3)

Agreement [RAN1 #90bis]:
Support at least the explicit approach for the update of spatial QCL reference in a TCI state.
· FFS: Additional support for implicit update.
· Note: In the explicit approach, the TCI state is updated using either RRC or RRC + MAC-CE based approach

Proponents of [1] propose a three-stage configuration and indication of spatial QCL. First, RRC configures a list of candidate TCI states such that each candidate TCI state has a reference to a pool of RS resources (e.g. CRI and/or SSB). Second, following CSI/L1-RSRP measurement and reporting, MAC-CE signalling is used to activate or deactivate up to a maximum of  TCI states from the candidate pool of M states. Third, DCI signalling used to schedule PDSCH also contains an N bit field, which can be used to point to an RS set linked to an activated TCI state. 
Proponents of  [2] claim that the configuration of TCI states should be similar to the PQI field in DCI Format 2D. Based on L1-RSRP reports from the UE, the gNB could configure a list of M TCI states. To each TCI state, the RRC configuration assigns a candidate pool of DL RS indexes for spatial QCL purpose in a certain activation state. Based on the UE’s L1-RSRP and CSI feedbacks, the gNB could update the spatial QCL reference in a TCI state using either RRC or RRC + MAC-CE signalling. MAC-CE activation/de-activation signalling could be activate/de-activate DL RS index (-es) providing spatial QCL reference for each TCI state. To simplify specification impact, it can be treated as error case if UE receives a PDSCH/PDCCH whose configured TCI state is associated with de-activated DL RS indexes. The associated RAN2 impact involves introducing activation/deactivation MAC-CE signalling in order to configure a TCI state with a set of activated DL RS for purposes of spatial QCL. We recommend sending RAN2 an LS informing them of the envisaged RAN2 RRC and MAC-CE impacting features. 
In terms of specification impact, for the  scheme, a new MAC-CE for down-selection of TCI states is necessary. The specification impact for the  scheme is less since the same set of RRC-configured states are used for QCL indication i.e. there is no intermediate down-selection of TCI states. Performance-wise, we anticipate the differences between the two schemes to be small, considering that explicit signalling mechanisms to update relation between an TCI state and the DL RS index providing spatial QCL have been agreed in RAN1 #90bis, and we anticipate the additional benefit from subset selection of TCI states to be marginal. To ensure future proof specification, for the scheme , it might be beneficial to support 3 bit DCI field so that up to 8 TCI states can be configured via RRC signalling. In light of the tight deadline for Phase 1 completion, we slightly prefer  in view of the simpler standardization effort both within and across the RAN WGs.
Proposal 9: The relation between TCI states M and the N bit field in the DL DCI for PDSCH is as follows:
· N is a fixed number set to 3 bits.
· Adopt 
Proposal 10: NR supports the following TCI configuration framework 
· RRC configures a set of up to a maximum of M = 8 TCI states.
· RRC configures each TCI state with a “candidate” pool of DL RS index (-es) (e.g CRIs, SSBI etc.) for purpose of spatial QCL
· No restriction on whether or not the type of RS within a pool can be same or different.
· Maximum candidate pool size is FFS (E.g. 64 indexes)
· Activation/deactivation MAC-CE signaling is used to update TCI state and their configured DL RS index (-es) for purpose of spatial QCL.
· Following configuration of TCI states, a UE does not expect to receive a PDSCH/PDCCH and CSI-RS if their QCL reference is provided by a TCI state that is not linked to any activated DL RS index.
Proposal 11: Send LS to RAN2 informing them of TCI configuration framework.
4.2.1 [bookmark: _Ref498519007]UE Behavior prior to Configuration of TCI States
For a UE to be prepared to receive PDSCH and PDCCH via TCI states and to switch from SSB to CSI-RS based beam management, the following events need to happen in the following (chronological) order:
· RRC configuration of TCI states and CORESET-specific QCL configuration
· Reception of activation MAC-CE for purposes of configuring the UE with the DL RS index (-es) providing spatial QCL for the RS set associated to a given TCI state
· Configuration of QCL between SSB and CSI-RS 
· Indication could be through RRC (P CSI-RS) or MAC-CE (SP CSI-RS) or DCI (AP CSI-RS)
Prior to being configured with the above information, the UE needs default assumptions for receiving PDSCH, PDCCH and CSI-RS. In RAN1 #90, it was agreed that “After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise”. Based on this agreement, before the UE is configured with TCI states, the UE may reuse the same receive beamforming weights as that used to receive SSB during initial access, for purposes of decoding PDCCH during its configured monitoring occasions. It appears reasonable to extend the same assumption regarding spatial QCL for PDSCH reception as well.
Proposal 12: Prior to configuration of TCI states, the UE may assume that the DM-RS of UE-specific PDSCH, PDCCH and CSI-RS (if configured) are implicitly QCL-ed with the SSB/PBCH block determined during its random access procedure. 
5 Inter-BWP/carrier QCL 
In NR RAN1 meeting, the following agreement on inter-carrier/BWP QCL assumption was made. This section discusses remaining issues related to inter-carrier/BWP QCL configuration.
	Agreements (RAN1 NR AH#2):
· For QCL, NR supports
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
· QCL assumption across carriers and bandwidth parts for DL  
· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability 
· FFS whether or not to have UE assisted management

Agreements (RAN1 NR AH#3):
· The source and target RSs of a QCL configuration can be in the same CC or in different CCs by configuration
· Above is supported at least for CCs with same numerology in the same band from UE perspective
· FFS: Whether all or part of QCL parameters are derived from the reference CC
· FFS: Specification details on restriction on using this configuration (e.g.: based on UE capability, UE report)

Agreements (RAN1 NR #90b):
The following P/SP/AP CSI-RS signaling options are supported:
	QCL parameter
	Reference RS
	Target RS
	Signalling mode
	Reference RS and Target RS should belong to the same CC/BWP or not

	Spatial
	SSB
	P CSI-RS
	RRC
	Can be on different CCs/BWPs

	Spatial
	SSB
	SP CSI-RS
	SP CSI-RS activation signal 
	Can be on different CCs/BWPs

	Spatial
	P CSI-RS
	Another P CSI-RS
	RRC
	Can be on different CCs/BWPs

	Spatial
	SSB or P/SP CSI-RS
	AP CSI-RS
	RRC or RRC+MAC CE for configuration,
indication with DCI 
	Can be on different CCs/BWPs





5.1 Inter-BWP QCL
A UE may be configured with multiple BWPs. In these BWP, some of them may have SS and some may not. Along similar lines, a UE may be configured with CSI-RS across these BWP. Under such cases, some relationship may need to be indicated to the user about how to rely on measurements done on one BWP and use it on another BWP (as it may reduce UE measurement overhead). This is helpful for the case wherein a UE doesn’t have to scan for all SS blocks on all BWP and similarly may not have to be configured to monitor CSI-RS on BWPs which have QCL’ed CSI-RS. In addition, if two BWPs are QCLed, the UE can perform channel estimation, measurements for beam management and/or mobility much faster by exploiting large-scale properties. 
This QCL information across BWPs can be indicated to the UE during the RRC configuration of the BWPs. Similarly, for DMRS used in a given BWP, the QCL RS is signalled per BWP during RRC configuration of the BWP.
To define QCL relationship between BWPs in an efficient way, RRC configuration can indicate one of the configure BWPs as a “reference BWP” which can be referred to by another BWP for QCL relationship, and another BWP can be a “QCL-configured BWP” which can refer to the reference BWP with respect to QCL. For example, when there are four BWPs in a cell, i.e., BWP#1, BWP#2, BWP#3, and BWP#4, if BWP #1 is configured as a reference BWP, and BWP #2 and #3 are configured as QCL-configured BWPs, respectively. In that case, BWP#1 can represent a serving cell from QCL parameter perspective, whereas BWP#2 and #3 has QCL relationship with the BWP#1. However, it is not ensured that BWP#4 has no QCL relationship with any BWP which means that RSs included in BWP#4 has to be measured for QCL parameters by itself. UE can be configured to assume that all the SS blocks/ CSI-RS in different BWPs but within a “unit resource” (such as same port, for example) are QCL’ed in a set of parameters such as spatial/gain/delay/Doppler parameters, else it is not. 
Proposal 13: NR supports indication of reference BWP index by RRC configuration of QCL-configured BWP(s).

1 
2 
3 
4 
5.2 Inter-carrier QCL
When reference RS and target RS belonging to different CCs are QCL configured, UE should know information of reference CC where reference RS is transmitted. For UE to know such information, an index of reference CC should be indicated to the QCL-configured CC(s), and the indication could be included in RRC configuration of each CC. From the RRC configuration of each CC, UE can assume that the target RS of corresponding CC is QCL configured with the reference RS of reference CC. For example, if result of beam management of CC#1 is also applied to CC#2, gNB indicates the index of CC#1 as a reference CC index through RRC configuration of CC#2. Then, UE can recognize that RS ID (e.g. CRI) indicated by beam indication is associated with reference RS of CC#1, and apply corresponding beam for transmission and reception. Within the reference CC, it may have multiple BWPs and the BWPs may have QCL association with each other. For the QCL-configured CC(s), they need to know which BWP of reference CC they should refer to. Considering inter-BWP QCL, QCL-configured CC(s) should refer to reference BWP of reference CC.
Proposal 14: NR supports indication of reference CC index by RRC configuration of QCL-configured CC(s).
Proposal 15: Considering inter-BWP QCL, QCL-configured CC(s) should refer to reference BWP of reference CC.
6 QCL Indication for P-CSI-RS for BM and Mobility
For P-1 BM and mobility, the network may need to configure a large number of P-CSI-RS resources to get first-level (or coarse) beamforming information of a cell. Given that an NR cell can have up to L=64 SSBs, the total number of CSI-RS resources that can be configured per cell for P-1 BM or mobility purpose can be at least 64 for a similar deployment scenario. To allow for network implementation to have composite beams for SSB and fine beams for CSI-RS, the number of CSI-RS resources per cell can be e.g., 4L, i.e., up to 256 CSI-RS resources. 
This brings questions on the feasibility of configuring certain CSI-RS configuration parameters resource level. Although the CSI-RS configuration is done by RRC, the total configuration payload needs to be examined given that the agreed number of CSI-RS configuration properties is many. Based on the analysis in in the companion contribution [3], Configuring all the CSI-RS parameters in the resource level results in huge RRC configuration overhead, about ~15,000 and ~55,000 bits to configure 256 and 1024 CSI-RS resources. 
Among these configuration parameters, QCL’ed SSB configuration can be done in a batch for the CSI-RS resources mapped in a slot. For example, an L-bit bitmap can be used to indicate the QCL’ed CSI-RS mapped on up to 14 OFDM symbols of a slot. The number of ‘1’s of the L-bit bitmap can be up to 14, and the QCL is indicated by one-to-one mapping the positions of ‘1’ and the CSI-RS OFDM symbols in the slot. This configuration can reduce the number of configuration bits for QCL mapping from 168x6 = 1008 bits to up to 64 bits.
Proposal 16: For one-port P-CSI-RS configuration for BM and mobility, it is proposed to use per resource set/setting configuration for QCL’ed SSBs.
7 Conclusion
This contribution has made the following proposals:

Proposal 1: 
· At least the following QCL parameter sets are supported in NR:
· Set 1 = {average gain, and average delay, delay spread}
· Set 2 = {Doppler Spread, Doppler Shift}
· Set 3 = {Spatial parameters}
· A CSI-RS unit resource can be configured as a QCL RS for PDSCH/PDCCH demodulation in one or more QCL parameter sets. 
· Separate CSI-RS unit resources can be configured for different QCL parameter sets. 
· For QCL parameter set 2, periodic/semi-persistent/high-time-density CSI-RS should be configured. 
· For QCL parameter set 3, wideband/sufficient-frequency-density CSI-RS should be configured
Observation 2: Using TCI framework, it should be possible to configure QCL relations covering all possible parameter sets between SSB  DM-RS for PDSCH/PDCCH and between CSI-RS for BM  DM-RS for PDSCH/PDCCH.
Proposal 2: Support configuration of QCL relation directly between SSB  CSI-RS for CSI. This is crucial for NR to support beam management based on SSB only.
Proposal 3: Convert the RAN1 #90bis working assumption into an agreement
Proposal 4: Use TCI framework for indication of at least the following QCL relations:
· Source RS (e.g. CRI, SSB) and DM-RS of PDSCH in terms of QCL parameter sets 1, 2 and 3
· Source RS (e.g. CRI, SSB) and DM-RS of PDCCH in terms of QCL parameter sets 1, 2 and 3
· P/SP CSI-RS and AP CSI-RS in terms of QCL parameter set 3 
· SSB and AP CSI-RS in terms of QCL parameter set 3
· SSB and SP CSI-RS in terms of QCL parameter set 3
Proposal 5: Introduce RRC IE QCL-Info to configure at least following QCL relations: -
· SSB and CSI-RS for CSI reporting in terms of QCL parameter sets 1 and 2
· CRI used for BM and CSI-RS for CSI reporting in terms of QCL parameter set 3
· SSB and P CSI-RS for BM
· SSB and TRS in terms of QCL parameter sets 1, 2 and 3
· CSI-RS for Tracking and a CRI (s) for CSI reporting in terms of QCL parameter sets 1 and 2 
Proposal 6: UE can be configured that all the antenna ports within a “unit resource” are QCL’ed in a set of parameters; and the antenna ports across different unit resources are not QCL’ed in the set of parameters. The “unit resource” can be configured among (1) a port group (one or more ports in a group); (2) a CSI-RS resource; and (3) a CSI-RS resource set.
Proposal 7: Antenna port(s) of NZP CSI-RS can be QCL-ed with ZP CSI-RS w.r.t. {spatial Rx parameters}
· Note: This is for making UE to estimate channel and interference using the same Rx beam
Proposal 8: Support indication of spatial QCL between an unit resource (e.g. resource, resource set) consisting of SP CSI-RS resources and SSB as part of the activation SP CSI-RS MAC-CE signalling.
· If multiple SP CSI-RS resources are configured in a “unit resource”, only activated CSI-RS resources are QCL’ed in a set of parameters.
Proposal 9: The relation between TCI states M and the N bit field in the DL DCI for PDSCH is as follows:
· N is a fixed number set to 3 bits.
· Adopt ; re-visit this if significant performance shortcomings are identified.
Proposal 10: NR supports the following TCI configuration framework 
· RRC configures a set of up to a maximum of M = 8 TCI states.
· RRC configures each TCI state with a “candidate” pool of DL RS index (-es) (e.g CRIs, SSBI etc.) for purpose of spatial QCL
· No restriction on whether or not the type of RS within a pool can be same or different.
· Maximum candidate pool size is FFS (E.g. 64 indexes)
· Activation/deactivation MAC-CE signaling is used to update TCI state and their configured DL RS index (-es) for purpose of spatial QCL.
· Following configuration of TCI states, a UE does not expect to receive a PDSCH/PDCCH and CSI-RS if their QCL reference is provided by a TCI state that is not linked to any activated DL RS index.
Proposal 11: Send LS to RAN2 informing them of TCI configuration framework.
Proposal 12: Prior to configuration of TCI states, the UE may assume that the DM-RS of UE-specific PDSCH, PDCCH and CSI-RS (if configured) are implicitly QCL-ed with the SSB/PBCH block determined during its random access procedure 
Proposal 13: NR supports indication of reference BWP index by RRC configuration of QCL-configured BWP(s).
Proposal 14: NR supports indication of reference CC index by RRC configuration of QCL-configured CC(s).
Proposal 15: Considering inter-BWP QCL, QCL-configured CC(s) should refer to reference BWP of reference CC.
Proposal 16: For one-port P-CSI-RS configuration for BM and mobility, it is proposed to use per resource set/setting configuration for QCL’ed SSBs.
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