	
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252][bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #90bis	R1-1718863
Prague, Czech Republic, 9th – 13th, October 2017

[bookmark: Source]Agenda item:	7.2.3.7
Source: 	Nokia, Nokia Shanghai Bell
Title: 	Summary of QCL  
[bookmark: DocumentFor]Document for:	Discussion 
Introduction
Previous meetings agreements:
	Agreements: (RAN1#89 Hangzhou)
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed

Agreements: (RAN1#AH2 Qingdao)
· 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#90 Prague)
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
Agreements: (RAN1#90 Prague)
· FFS the indicator state referred in below text may or may not be the indicator state defined in R1-1714885
· Following ways of configuring QCL relations between a reference RS and a targeted RS are supported
· If configured, at least spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· FFS : Other candidate relations

Agreements: (RAN1#90 Prague)
· For single CC/BWP and single TRP, at least the following is supported:
· Antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS wrt to the following parameters:
· TRS w.r.t . {average delay, delay spread, Doppler shift, Doppler spread} and one of SSblock w.r.t {spatial Rx parameters} or NZP CSI-RS w.r.t. {spatial Rx parameters)
· FFS Antenna ports of DM-RS can be QCL-ed with SSblock w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters} for PDSCH demodulation before TRS configuration
· FFS for PDCCH
· FFS the case where antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS: 
· SS block: w.r.t .{average delay, FFS delay spread, Doppler shift, FFS Doppler spread, spatial Rx parameters}
· Especially regarding whether this case must be supported if there is potential absence of TRS or not
· FFS Antenna ports of DM-RS can be QCL-ed with NZP CSI-RS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
· FFS Antenna ports of DM-RS can be QCL-ed with TRS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}
· Other cases are FFS
· Companies are encouraged to perform analysis and evaluations to finalize the supported case(s)
Agreement: (RAN1#AH3 Nagoya)
· 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)
Agreement: (RAN1#AH3 Nagoya) 
[bookmark: _Hlk493580546]RS combinations holding QCL assumptions:
· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz
· SSB  DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· FFS whether restriction on PDSCH scheduling
· SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP
· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH
· SSB  TRS: [Doppler shift, average delay]
· Type A: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· [bookmark: _Hlk493579818]TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· Study whether the widebeam TRS can be QCLed referenced for a narrow beam CSI-RS
· Study whether widebeam CSI-RS can be QCLed with a narrow beam DMRS
· After RRC for above 6 GHz
· RS combinations holding QCL assumptions TBD.
· 



In RAN1#90bis meeting a total of 14 contributions [2-14], have been submitted on the QCL agenda item. Based the contributions of different companies, the following list of topics will be summarized in upcoming sections: 
1. QCL definition and parameters
2. QCL assumptions related to Component Carriers/BWP (CC/BPW)
3. QCL Indication/Signaling Aspects 
4. TCI details
5. QCL types/associations 
6. QCL Assumptions for DM-RS, UL RS. 
QCL definition and parameters
Based on the submitted contributions the following summary have been made on QCL parameters:
·  NR supports only three types of grouping of QCL parameters: [OPPO]
· G1: { average delay, delay spread, Doppler shift, Doppler spread}
· G2: {spatial Rx parameter}
· G3: { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter}, i.e., {G1+G2} 

· At least the following QCL parameter sets are supported in NR: [Samsung]
· 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
· 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. 
· If multiple semi-persistent CSI-RS resources are configured in a “unit resource”, only activated CSI-RS resources are QCL’ed in a 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: TBD
QCL Assumptions Related to Component Carriers/Bandwidth Parts (CC/BWP) 
	Agreements
· For QCL, NR supports:
· 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

Agreement: (RAN1#AH3 Nagoya)
· 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)



Based on the submitted contributions the following summary have been made on CC/BWP QCL assumption:
· Due to UE implementation constraints (e.g. support of single-panel UE), spatial QCL-ion for DM-RS antenna ports and antenna ports for NZP CSI-RS resources for CSI acquisitions transmitted on different CCs should be assumed as default assumption [Intel]
· UE by default may assume that NZP CSI-RS resources for CSI acquisition on different CCs are QCL-ed  wrt to spatial Rx parameters
· UE by default may assume that DM-RS antenna ports on different CCs are QCL-ed  wrt to spatial Rx parameters
· The above assumption can be overridden by TRP with per-CC QCL signalling only for some UEs, e.g. supporting multiple Rx panels.

· For the QCL indication across CCs/BWPs, the following QCL indication should be supported:[ZTE]
· QCL association between SS block and CSI-RS/TRS w.r.t Doppler shift and average delay can be indicated across CCs/BWPs 
· UE-assisted QCL association between RSs w.r.t spatial Rx parameter across CCs/BWPs should be supported.

· Support spatial QCL CC grouping, which could be either in a predefined manner or configurable when the carriers is activated . [Huawei]
· NR at least supports the following QCL assumptions between the RS in different CC [OPPO]
· DMRS of PDCCH/PDSCH is QCLed with SS block w.r.t. { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }
· TRS is QCLed with SS block w.r.t. {spatial Rx parameter}
· CSI-RS of PDCCH/PDSCH is QCLed with SS block w.r.t. { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }
· Support configuration of at least spatial QCL relation between a SS block and another SS block for beam management where the QCLed SS blocks are transmitted in different frequency locations
· Note: Source and target SS blocks can be transmitted within the bandwidth of a wideband carrier or transmitted in different carriers
· NR supports UE to report its capability whether or not support the QCL assumptions between the RS in different CC [OPPO]
· RAN1 should support configuring QCL between the RS pair from any CCs. The applicability of intra/inter-band cross-CC QCL should be decided by RAN4. [AT&T]
· Once configured, network is responsible to guarantee the validation of the cross-CC QCL parameters. 
· RAN1 should support QCL configuration between RSs transmitting on different numerology (intra-CC or cross-CC)
· NR shall support cross carrier QCL indication between the RS pairs w.r.t to their corresponding QCL parameter sets as described in Table 1. [Qualcomm]
	Pairs of RSs /RS resources
	QCL parameters
	Application case

	CSI-RS-P1 of CC/BWP A
	CSI-RS-P2 of CC/BWP B
	(6)
	Training new CSI-RS P2 beam in Carrier B based on previous CSI-RS P1 beam in Carrier A.

	SS or CSI-RS of CC/BWP A
	DMRS or PTRS of CC/BWP B
	(2) (3) (4) (5) (6)
	Indicating of derivation of Channel estimation parameters such as Doppler for one CC based on CSI-RS from a different CC/BWP

	SS or CSI-RS of CC/BWP A
	UL Control/Data DMRS of CC/BWP B
	Reciprocal (6) 
	Spatial QCL in reciprocal sense for indicating of PUCCH/PUSCH beam for UL based on DL grant reception in another CC

	Note: QCL Parameters are (1) average gain, (2) average delay, (3) Doppler shift, (4) delay spread, (5) Doppler spread, and (6) spatial RX parameter(s)


· Within a BWP/CC, NR shall support QCL indication between the RS pairs w.r.t to their corresponding QCL parameter sets as described in Table 3 [Qualcomm]
Table 3: Summary of QCL parameters within CC for different pairs of RSs/RS resources.
	Pairs of RSs /RS resources
	QCL parameters
	Application case/Comments

	SS or CSI-RS or DMRS
	TRS
	(2) (3) (4) (5) (6)
	Time/frequency tracking. QCL between CSI-RS and TRS has been already agreed w.r.t to (2-5) in RAN1#90 while (6) is not yet agreed. 

	SS or CSI-RS
	DMRS or PTRS
	(2) (3) (4) (5) (6)
	Channel estimation for demodulation. DMRS includes both PDCCH and PDSCH.  

	SS
	CSI-RS
	(3) (5) (6)
	UE can receive CSI-RS beam using same beam used to receive a certain SS.  Training new CSI-RS beam based on previous SS beam.  SS has been agreed to be QCL with CSI-RS w.r.t to (6). For bootstrapping CSI-RS w.r.t to SS for beam management, it is preferable to have only additionally QCL w.r.t (3) and (5) 

	PDCCH-DMRS
	PUCCH-DMRS
	(6)
	QCL in reciprocal sense. e.g., signaling to use the RX beam of PDCCH to transmit PUCCH

	CSI-RS
	SRS
	(6)
	QCL in reciprocal sense


Note: QCL Parameters are (1) average gain, (2) average delay, (3) Doppler shift, (4) delay spread, (5) Doppler spread, and (6) spatial RX parameter(s)

· NR shall support mix of RRC and DCI based dynamic indication of reciprocal QCL relationship between uplink PUSCH/PUCCH beam on one CC/BWP and DL CSI-RS/SS ports on same or another CC/BWP [Qualcomm]

· At least for intra-band CA, NR supports cross-carrier beam management which assumes spatial QCL between antenna ports in different CCs. [Samsung]
· At least spatial QCL parameter should be supported for inter-carrier QCL configuration
· NR supports indication of reference CC index by RRC configuration of QCL configured CCs.
· UE should report its capability of simultaneous beamforming across intra-band CCs.
· NR supports to indicate QCL relationships between different BWPs which are configured to the UE.

Proposal: 
· 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
· NR supports at least the following QCL assumptions between the RS in different CCs
· TRS with SS block w.r.t [OPPO: spatial parameters], [Nokia: spatial parameters, Doppler shift average delay], [ZTE: Doppler shift, averade delay]
· CSI-RS for CSI with SSB/TRS w.r.t [OPPO, Nokia, Qualcomm: average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters]
· DMRS of PDCCH/PDSCH with SSB/TRS w.r.t [OPPO, Nokia: average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters]
· CSI-RS for BM in CC/BWP A with CSI-RS for BM in CC/BWP B w.r.t: [Qualcomm, Nokia (all parameters?): spatial Rx parameters]
· SS Block in CC/BWP A with SS Block in CC/BWP B w.r.t average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters

· NR supports UE to report its capability whether or not support the QCL assumptions between the RS in different CC [OPPO]
· UE should report its capability of simultaneous beamforming across intra-band CCs. [Samsung, Nokia]
· For single panel UEs:
· NZP CSI-RS for CSI between CCs are by default assumed QCLed w.r.t spatial Rx parameteres [Intel]
· DM-RS between CCs are by default assumed QCLed w.r.t spatial Rx parameteres [Intel]
· The above assumption can be overridden by TRP with per-CC QCL signalling only for some UEs, e.g. supporting multiple Rx panels [Intel]


QCL Indication/Signaling Aspects
Agreements from the RAN1#90 meeting: 
	Agreements:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
Agreements:
· FFS the indicator state referred in below text may or may not be the indicator state defined in R1-1714885
· Following ways of configuring QCL relations between a reference RS and a targeted RS are supported
· If configured, at least spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· FFS : Other candidate relations



Based on the submitted contributions and proposals listed in Appendix, the following summary have been made on QCL indication/signaling:
· Multiple QCL assumption for PDCCH DMRS within a CORESET should be supported. [Huawei]
· If one RS set comprise of more than one RS associated with different QCL parameters, [Huawei]
· the RS (pairs) in each subset is configured in RRC signaling,
· the QCL type/parameter(s) for each subset is configured in RRC signaling.

· QCL indication for CSI-RS reception can be done as follows: [ZTE]
· RRC for periodic CSI-RS
· RRC+MAC CE for SPS CSI-RS, 
· RRC+MAC CE + DCI for aperiodic CSI-RS, 

Similar to LTE QCL typeB, the following QCL singalling mechanism can be used:[CATT]
· CSI-RS is higher-layer configured to be QCL-ed with a TRS
· Then, a set of CSI-RS resources that can be potentially assumed to be QCL-ed with a DMRS QCL group is configured by higher-layer signaling
· For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding CSI-RS port(s) within the above-mentioned set of CSI-RS

· An indicator for spatial QCL relation between a reference RS and a targeted RS should be supported in a separated/independent DCI field/format, compared with an indicator for the spatial QCL indication for PDSCH reception. [LGE]

· Type B QCL can also be supported as did in LTE, and for cases of above 6 GHz the Type B description should include spatial Rx parameters to be indicated via CSI-RS, not TRS, based on DL beam management operations supported in NR.[LGE]
· For the QCL assumption of TRS and CSI-RS for CSI acquisition, NR don’t support Type B [OPPO]
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 

· NR supports the following QCL assumptions: [OPPO]
· If configured, at least spatial QCL relation between SS Block (ref) and AP CSI-RS is signaled 
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another AP CSI-RS resource is signaled 
· Any supported RRC configured QCL relation between source RS and target RS can be include the spatial QCL parameter as an add-on. [Ericsson]

· PDSCH rate-matching resource indication is not signalled together with QCL indication in the DCI associated with PDSCH. [Interdigital]
· Following ways of configuring QCL relations between a reference RS and a targeted RS are supported [Docomo]
· If configured, at least spatial QCL relation between SS Block (ref) and AP CSI-RS is signaled
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and an AP CSI-RS resource is signaled.
· The spatial QCL relation between SS Block (ref) and P CSI-RS is via RRC. [Docomo]
· The spatial QCL relation between SS Block (ref) and SP CSI-RS is via SP CSI-RS activation signal. [Docomo]
· The spatial QCL relation between P CSI-RS resource (ref) and another P CSI-RS resource is via RRC. [Docomo]
· The spatial QCL relation between P CSI-RS resource (ref) and SP CSI-RS resource is via SP CSI-RS activation signal. [Docomo]
· The spatial QCL relation between SS-block or P/SP CSI-RS (ref) and AP CSI-RS is via AP CSI-RS triggering signal. [Docomo]
· Support DCI Based NR-PDCCH beam switch. [Qualcomm]
· FFS PDCCH beam switch signaling via dedicated DCI with ACK/NACK. 
· Support joint control and data beam switching mode via RRC. [Qualcomm]
· The signalling on “spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed. [LGE]
· The signalling on “spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed.

· NR supports the following signaling mechanism to indicate the QCL assumptions: [OPPO]
· via RRC if the target RS is periodic CSI-RS
· via semi-persistent CSI-RS activation signal if the target RS is semi-persistent CSI-RS
· via aperiodic CSI-RS triggering signals (DCI) if the target RS is aperiodic CSI-RS
Proposal: PDSCH rate-matching resource indication is not signalled together with QCL indication in the DCI associated with PDSCH [Interdigital]
Proposal: The following P/SP/AP CSI-RS signaling options are supported:

	QCL parameter
	Reference RS
	Target RS
	Signalling mode

	Spatial
	SSB
	P CSI-RS
	RRC [ZTE, Docomo, OPPO]
RRC+MAC CE [LGE]

	Spatial
	SSB
	SP CSI-RS
	SP CSI-RS activation signal [Docomo, OPPO]
RRC+MAC CE [ZTE]

	Spatial
	P CSI-RS
	Another P CSI-RS
	RRC [Docomo]
RRC+MAC CE [LGE]

	Spatial
	SSB or P/SP CSI-RS
	AP CSI-RS
	AP CSI-RS triggering signal [OPPO]
RRC+MAC CE + DCI [ZTE]



TCI discussion
· For the indication of QCL assumption between DL RS antenna ports and DMRS antenna ports of DL data channel, [ZTE]
· 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 
· M can be larger than 2N, where N is the size of the DCI field for PDSCH
· MAC-CE is used to activate 2N candidate TCI states (if M > 2N) and map the activated candidate TCI states into TCI states described by N bit DCI field for PDSCH 
· If M is equal to 2N, the candidate TCI states are mapped into TCI states in order by default. 
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI 
· The UE assumes that the PDSCH DMRS is QCLed with the DL RS(s) in the RS Set corresponding to the signalled TCI state 
· The value of N is at most 2 bits

· Configuration of more than 2N TCI states should be supported in RRC level and selection of 2N states can be done via MAC CE. [ZTE]
· CRI, SSB index) to an indicator state. FFS to support the association is implicitly determined by the UE. [LGE]
· Support joint encoding between PDSCH beam indication and PDSCH rate matching information to possibly save the DCI overhead.
· Support that the configuration of RS set for each state can be done not only via RRC, but also via RRC + MAC CE.
· At least 1 slot latency or a couple of symbols should be allowed for the timing when the QCL is applied relative to the time of the QCL indication.

· aperiodic CSI-RS is not supported for QCL association indication in the N-bit indicator fields [Interdigital]

· Support DCI based update of TCI states with their corresponding DL RS.[Qualcomm]

· The RRC configuration of TCI states can associate a TCI state with one RS set consisting of a set of DL RS index (-es) where each DL RS index corresponds to either a SSB or P/SP CSI-RS resource. [Samsung]
· RRC based association of TCI states to a DL RS index corresponding to a AP CSI-RS resource is not supported.
· The RRC linkage between a TCI state to a DL RS index, within the RS set, also consists of the QCL types is provided by that DL RS index. The QCL type indication is provided by a  3-bit bitmap conveying which of the 3 QCL parameter sets ({Average gain, Delay Spread, Average Delay}, {Doppler Spread, Doppler Shift}, {Spatial Rx}) is associated with that DL RS index. 
· The association of a TCI state to an AP CSI-RS resource can be provided via subsequent update mechanism. The update mechanism is based on at least explicit signalling (e.g. MAC-CE based). 

QCL Types 
Based on the submitted contributions and proposals listed in Appendix, the following summary have been made on QCL types:
	Agreements:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed



RAN1#90 agreements:
	Agreements:
· For single CC/BWP and single TRP, at least the following is supported:
· Antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS wrt to the following parameters:
· TRS w.r.t . {average delay, delay spread, Doppler shift, Doppler spread} and one of SSblock w.r.t {spatial Rx parameters} or NZP CSI-RS w.r.t. {spatial Rx parameters)
· FFS Antenna ports of DM-RS can be QCL-ed with SSblock w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters} for PDSCH demodulation before TRS configuration
· FFS for PDCCH
· FFS the case where antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS: 
· SS block: w.r.t .{average delay, FFS delay spread, Doppler shift, FFS Doppler spread, spatial Rx parameters}
· Especially regarding whether this case must be supported if there is potential absence of TRS or not
· FFS Antenna ports of DM-RS can be QCL-ed with NZP CSI-RS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
· FFS Antenna ports of DM-RS can be QCL-ed with TRS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}
· Other cases are FFS
· Companies are encouraged to perform analysis and evaluations to finalize the supported case(s)



RAN1#AH3 agreements:
	Agreements:
RS combinations holding QCL assumptions:
· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz
· SSB  DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· FFS whether restriction on PDSCH scheduling
· SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP
· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH
· SSB  TRS: [Doppler shift, average delay]
· Type A: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· Study whether the widebeam TRS can be QCLed referenced for a narrow beam CSI-RS
· Study whether widebeam CSI-RS can be QCLed with a narrow beam DMRS
· After RRC for above 6 GHz
· RS combinations holding QCL assumptions TBD.



QCL for shared channel reception
· Limitation on the applicable range of time-frequency resource for the QCL relationship between SS and DM-RS of PDSCH/PDCCH should be introduced. [ZTE]
The following can be supported for single CC/BWP and single TRP:
a) Doppler shift
· WB TRS with narrow beam CSI-RS [VIVO]
· WB CSI-RS with narrow beam DMRS [VIVO]
b) Doppler shift, average delay
· SSB and TRS [Ericsson multiple SSB may be associated to the same TRS by configuration]
c) Average delay and delay spread
· Are not QCLed between source RS and target RS [Ericsson]
d) average delay, Doppler shift, spatial Rx parameters
· TRS with SSB if CSI-RS for BM is not configured [ZTE, CATT]
e) Doppler spread, Doppler shift, Spatial RX
· NZP CSI-RS with SSB [Interdigital]
f) Doppler spread, Doppler shift
· TRS with SSB [Intel][ZTE for below 6GHz] [ZTE for above 6GHz if CSI-RS for BM is configured, CATT] [AT&T]
· TRS with CSI-RS in type B for below 6GHz [ZTE, CATT on mention of type, Ericsson, Nokia]
· TRS with CSI-RS in type B for above 6GHz [AT&T FFS]
· 
· PTRS with DMRS [VIVO >6GHz, TBD Doppler spread]

g) Doppler shift, Doppler spread, average delay, delay spread
· TRS with DMRS if CSI-RS for CSI is not configured [ZTE][DOCOMO]
· TRS with SSblock if CSI-RS for CSI acquisition is not configured. [ZTE]
· SSB with CSI-RS (FFS on delay spread anf Doppler spread)		[VIVO <6GHz before TRS config]
· TRS with CSI-RS for CSI acquisition [AT&T]
· TRS/CSI-RS with DMRS	     [AT&T]
· PDCCH DMRS with CSI-RS	[Ericsson]
· CSI-RS with TRS						[Intel] [Ericsson, RRC configured, Type A], [CATT] [Nokia]
· DMRS for PDSCH with NZP CSI-RS for CSI		[Nokia]

h) Doppler shift ,Doppler spread, average delay, delay spread and spatial Rx parameter:
· DM-RS with NZP CSI-RS for CSI acquisition for single/multi beam operation [Intel, CATT after RRC and above 6GHz][LGE]
· NZP CSI-RS for CSI acquisition with TRS for single beam operation [Intel]
· NZP CSI-RS with SSB for multi beam operation [Intel][ZTE if TRS is not configured in above 6GHz, FFS applicable t/f resource range][LGE - regardless of whether TRS is configured] [Interdigital]

· SSB with CSI-RS [VIVO >6GHz, TBD for delay spread and Doppler spread][OPPO]  
· SSB with DMRS [VIVO >6GHz, TBD for delay spread and Doppler spread, CATT for >6GHz for broadcast][LGE - before any NZP CSI-RS configurations] [Nokia – DMRS for PDSCH/PDCCH] 
· CSI-RS with DMRS [VIVO]  
· TRS with DMRS for CTRL [VIVO, FFS for spatial Rx parameters][Nokia][Qualcomm]
· TRSwith SSB or CSI-RS [Qualcomm]
· CSI-RS with DMRS for CTRL [VIVO, FFS for Doppled shift/spread]

· DM-RS of PDCCH/PDSCH with CSI-RS for CSI acquisition [OPPO]
· NZP CSI-RS with NZP CSI-RS					[Interdigital]
i) spatial Rx parameter
· NZP CSI-RS for CSI with NZP CSI-RS for BM [Intel]
· TRS with CSI-RS for BM 		[ZTE][OPPO][Nokia]
· SRS with CSI-RS 			[ZTE]
· 
· DM-RS of PDCCH/PDSCH with CSI-RS for beam indication [OPPO]
· SSB with SSB where the QCLed SS blocks are transmitted in different frequency locations [Samsung] Note: Source and target SS blocks can be transmitted within the bandwidth of a wideband carrier or transmitted in different carriers.
· SSB with TRS			[OPPO, Nokia]
· SSB with CSI-RS for BM		[Nokia]
· SSB with SSB when SSB in wide bandwidth [OPPO]

· NZP CSI-RS with ZP CSI-RS		[Samsung, for making UE estimate channel and interf using same Rx beam]
· NZP CSI-RS with NZP CSI-RS		[CATT]
[image: ]
[bookmark: _Ref494717769]Figure: QCL associations in RRC Connected state.

Proposal: 
· After RRC for below 6GHz
· SSB  TRS: Doppler shift, average delay
· Support type B
· After RRC for above 6GHz
· SSB (can be from a different CC) + TRS + CSI-RS for BM + CSI for CSI acquisition + DMRS for PDCCH/PDSCH + PTRS
· SSB  TRS w.r.t {Doppler shift, Doppler spread, [Spatial Rx]} signalled in TBD
· SSB  CSI-RS for BM w.r.t {Doppler shift, Doppler spread, Spatial Rx parameters} signalled in TBD
· SSB  DMRS for PDCCH/PDSCH w.r.t {Doppler shift, Doppler spread, average delay, delay spread and spatial Rx parameter} signalled in TCI

· TRS  CSI-RS for BM w.r.t {spatial Rx parameters} signalled in TBD
· [bookmark: _Hlk495142894]TRS  CSI-RS for CSI w.r.t {[Doppler shift, Doppler spread], [Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameter]} signalled in TBD
· TRS  DMRS for PDCCH/PDSCH w.r.t {Doppler shift, Doppler spread], [Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameter} signalled in TCI

· CSI-RS for BM  DMRS for PDCCH w.r.t {Doppler shift, Doppler spread], [Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameter} signalled in TCI
· CSI-RS for CSI  DMRS for PDSCH w.r.t {Doppler shift, Doppler spread, average delay, delay spread and spatial Rx parameter } signalled in TCI

· CSI-RS for BM  CSI-RS for CSI w.r.t {Delay spread, average delay, doppler spread, doppler shift, spatial RX parameters} signalled in TBD
· PDSCH DMRS  PTRS w.r.t {average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters} sharing same beam 
· PDSCH DMRS  PTRS w.r.t {Doppler spread, Doppler shift} sharing same RF chain

· Do we need two types A and B?
· Type A: 
· [bookmark: _Hlk495140635]TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 

QCL Assumptions for DM-RS and UL RS. 
Based on the submitted contributions and proposals listed in Appendix, the following summary have been made on QCL assumptions for different DL and UL reference signals and channels: 

QCL assumptions related to DMRS
	Agreements
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups



· Time domain CDM-ed DMRS ports should be QCL-ed. [Huawei]

· For DMRS port grouping, [Huawei]
· At least 3 (and up to 4) DMRS port group should be supported for a UE in NR, 
· RRC signalling should be used to indicate the port group information, e.g., the port index in each port group, the number of port group or the port group index, etc.
· With explicit or implicit indication, DMRS ports on bundled time units could be assumed to be QCL-ed at UE. [CATT]
Proposal: 
· Time domain CDM-ed DMRS ports should be QCL-ed
UL QCL

	Agreements: (RAN1#89 Hangzhou)
· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS
· The indication can be based on CSI-RS resource 



· Support spatial QCL indication of SRS and CSI-RS/SRS/PUSCH/PUCCH for uplink beam management. [Huawei]

· UL beam indication and DL/UL association should also be put under the framework of QCL to simplify the corresponding signaling design.[VIVO,ZTE]
· Support the following QCL relationship for UL:
· UL DMRS QCLed with SRS with respect to {spatial parameters}
· SRS QCL-ed with SS-Block
· SRS QCL-ed with CSI-RS
· SRS QCL-ed with another SRS 
· NR supports that the following QCL assumptions:[OPPO]
· DMRS of PUCCH/PUSCH is QCLed with an SS block w.r.t. spatial QCL parameter
· SRS is QCLed with a SS block w.r.t. spatial QCL parameter
·  DMRS of PUCCH/PUSCH is QCLed with a CSI-RS w.r.t. spatial QCL parameter
· SRS is QCLed with a CSI-RS w.r.t. spatial QCL parameter

· NR supports that the following QCL assumptions: [OPPO]
· DMRS of PUCCH/PUSCH is QCLed with a SRS  w.r.t. spatial QCL parameter
· SRS is QCLed with a different SRS w.r.t. spatial QCL parameter

· Support reciprocal spatial quasi co-location at a node, where a transmitted signal received at a node and a transmitted signal from the same node, are related by reciprocal spatial QCL assumption. [Ericsson]

Proposal: TBD
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Appendix – Proposals
Proposals from different companies related to this topic are listed in the following:

	Huawei, HiSilicon (R1-1717309)



Observation 1: DMRS ports grouping should be robust for channel estimation performance of UE taking timing error and frequency error into account.
Proposal 1: Support spatial QCL indication of SRS and SRS/PUSCH DMRS/ PUCCH DMRS for uplink beam management.
Proposal 2: Time domain CDM-ed DMRS ports should be QCL-ed.
Proposal 3: For DMRS port grouping,
1) at least 3 (and up to 4) DMRS port group should be supported for a UE in NR, 
2) RRC signalling should be used to indicate the port group information, e.g., the port index in each port group, the number of port group or the port group index, etc.
Proposal 4: Multiple QCL assumption for PDCCH DMRS within a CORESET should be supported.
Proposal 5: If one RS set comprise of more than one RS associated with different QCL parameters,
1) the RS (pairs) in each subset is configured in RRC signaling,
2) the QCL type/parameter(s) for each subset is configured in RRC signaling.
Proposal 6: Support spatial QCL CC grouping, which could be either in a predefined manner or configurable when the carriers is activated.
	Intel (R1-1717377)


· For single-beam operation, antenna ports of DM-RS and antenna ports of NZP CSI-RS resource for CSI acquisition are QCL-ed wrt to all parameters
· Antenna ports of NZP CSI-RS resource for CSI acquisition are QCL-ed with antenna ports of TRS wrt to all parameters
· Antenna ports of TRS is QCL-ed with antenna ports of SS block wrt Doppler shift, Doppler spread
· For multi-beam operation, antenna ports of DM-RS and antenna NZP CSI-RS resource for CSI acquisition are QCL-ed wrt to all parameters
· Antenna ports of NZP CSI-RS resource is QCL-ed with antenna ports of SS block wrt to all parameters, including spatial Rx parameters
· If indicated otherwise, instead of antenna ports of SS block, antenna ports of NZP CSI-RS resource for CSI acquisition is QCL-ed with antenna ports of other NZP CSI-RS resource for beam management wrt to spatial Rx parameters
· Due to UE implementation constraints (e.g. support of single-panel UE), spatial QCL-ion for DM-RS antenna ports and antenna ports for NZP CSI-RS resources for CSI acquisitions transmitted on different CCs should be assumed as default assumption
· UE by default may assume that NZP CSI-RS resources for CSI acquisition on different CCs are QCL-ed  wrt to spatial Rx parameters
· UE by default may assume that DM-RS antenna ports on different CCs are QCL-ed  wrt to spatial Rx parameters
· The above assumption can be overridden by TRP with per-CC QCL signalling only for some UEs, e.g. supporting multiple Rx panels.
	ZTE, Sanechips (R1-1717437)



Proposal 1: Limitation on the applicable range of time-frequency resource for the QCL relationship between SS and DM-RS of PDSCH/PDCCH should be introduced.
Proposal 2: The following direct QCL associations should be supported in NR:
· For below  6 GHz
· SS and TRS can be assumed to be QCLed w.r.t {Doppler shift, average delay}
· TRS and CSI-RS can be assumed to be QCLed in type B assumption ,i.e., w.r.t {Doppler shift, average delay}
· For above 6 GHz
· CSI-RS can be assumed to be QCLed with SS block
· w.r.t { spatial Rx parameter, Doppler shift, Doppler spread, average delay, delay spread} if TRS is not configured
· FFS on the applicable range of time-frequency resources 
· TRS can be assumed to be QCLed with SS block
· w.r.t {average delay, Doppler shift} if CSI-RS for BM is configured. 
· w.r.t {spatial Rx parameter, average delay, Doppler shift} if CSI-RS for BM is not configured.
· TRS can be assumed to be QCLed with DM-RS
· w.r.t {Doppler shift, Doppler spread, average delay, delay spread} if CSI-RS for CSI acquisition is not configured.
· TRS can be assumed to be QCLed with CSI-RS for BM w.r.t spatial Rx parameter
· SRS can be assumed to be QCLed with CSI-RS w.r.t spatial Rx parameter.
Proposal 4: For the indication of QCL assumption between DL RS antenna ports and DMRS antenna ports of DL data channel,
· 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 
· M can be larger than 2N, where N is the size of the DCI field for PDSCH
· MAC-CE is used to activate 2N candidate TCI states (if M > 2N) and map the activated candidate TCI states into TCI states described by N bit DCI field for PDSCH 
· If M is equal to 2N, the candidate TCI states are mapped into TCI states in order by default. 
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI 
· The UE assumes that the PDSCH DMRS is QCLed with the DL RS(s) in the RS Set corresponding to the signalled TCI state 
· The value of N is at most 2 bits
Proposal 4: Configuration of more than 2N TCI states should be supported in RRC level and selection of 2N states can be done via MAC CE. 
Proposal 5: QCL indication for CSI-RS reception can be done as follows:
· RRC for periodic CSI-RS
· RRC+MAC CE for SPS CSI-RS, 
· RRC+MAC CE + DCI for aperiodic CSI-RS, 
Proposal 6: For the QCL indication across CCs/BWPs, the following QCL indication should be supported:
· QCL association between SS block and CSI-RS/TRS w.r.t Doppler shift and average delay can be indicated across CCs/BWPs 
· UE-assisted QCL association between RSs w.r.t spatial Rx parameter across CCs/BWPs should be supported.

	VIVO (R1-1717481)


Proposal 1: 
· Widebeam TRS can be QCLed referenced for a narrow beam CSI-RS at least for Doppler shift.
· There is no strong need to define novel parameter set only containing Doppler shift.
· Widebeam CSI-RS can be QCLed with a narrow beam DMRS at least for Doppler shift.
· There is no strong need to define novel parameter set only containing Doppler shift.
Proposal 2: 
· Support the following QCL relationship for above 6GHz scenarios
· SSBCSI-RS:  {average delay, [delay spread], Doppler shift, [Doppler spread], spatial parameters}. 
· SSBDMRS:  {average delay, [delay spread], Doppler shift, [Doppler spread], spatial parameters}. 
· CSI-RSDMRS: {average delay, delay spread, Doppler shift, Doppler spread, spatial parameters}
· PTRS DMRS: { Doppler shift, [Doppler spread]}

Proposal 3: 
· For below 6GHz scenarios, support the following QCL relationship in addition to agreed ones
· SS-Block QCL-ed with CSI-RS w.r.t. {average delay, FFS delay spread, Doppler shift, FFS Doppler spread} before TRS configuration;
· TRS QCLed with DL control DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}.
· CSI-RS QCLed with DL control DMRS w.r.t. {average delay, delay spread, FFS Doppler shift, FFS Doppler spread, spatial parameter}.
Proposal 4: 
· UL beam indication and DL/UL association should also be put under the framework of QCL to simplify the corresponding signaling design.
· Support the following QCL relationship for UL:
· UL DMRS QCLed with SRS with respect to {spatial parameters}
· SRS QCL-ed with SS-Block
· SRS QCL-ed with CSI-RS
· SRS QCL-ed with another SRS 
	Samsung (R1-1717634)



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
Proposal 2: 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 3: The RRC configuration of TCI states can associate a TCI state with one RS set consisting of a set of DL RS index (-es) where each DL RS index corresponds to either a SSB or P/SP CSI-RS resource. 
Proposal 4: RRC based association of TCI states to a DL RS index corresponding to a AP CSI-RS resource is not supported.
Proposal 5: The RRC linkage between a TCI state to a DL RS index, within the RS set, also consists of the QCL types is provided by that DL RS index. The QCL type indication is provided by a  3-bit bitmap conveying which of the 3 QCL parameter sets ({Average gain, Delay Spread, Average Delay}, {Doppler Spread, Doppler Shift}, {Spatial Rx}) is associated with that DL RS index. 
Proposal 6: The association of a TCI state to an AP CSI-RS resource can be provided via subsequent update mechanism. The update mechanism is based on at least explicit signalling (e.g. MAC-CE based). 
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. 
· If multiple semi-persistent CSI-RS resources are configured in a “unit resource”, only activated CSI-RS resources are QCL’ed in a 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 8: Support configuration of at least spatial QCL relation between a SS block and another SS block for beam management where the QCLed SS blocks are transmitted in different frequency locations
· Note: Source and target SS blocks can be transmitted within the bandwidth of a wideband carrier or transmitted in different carriers.
Proposal 9: At least for intra-band CA, NR supports cross-carrier beam management which assumes spatial QCL between antenna ports in different CCs.
Proposal 10: At least spatial QCL parameter should be supported for inter-carrier QCL configuration.
Proposal 11: NR supports indication of reference CC index by RRC configuration of QCL configured CCs.
Proposal 12: UE should report its capability of simultaneous beamforming across intra-band CCs.
Proposal 13: NR supports to indicate QCL relationships between different BWPs which are configured to the UE.
	CATT (R1-1717221)



Proposal 1: For unicast PDSCH and UE-specific PDCCH with above 6-GHz carrier frequency, after RRC configuration of TRS and CSI-RS, 
· SSB  TRS: Doppler shift, average delay, spatial Rx parameters
· SSB/TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters
Proposal 2: After RRC, SSB->DMRS for broadcast PDSCH and common PDCCH w.r.t. Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (used only for above 6GHz)
Proposal 3: Similar to LTE QCL typeB, the following QCL singalling mechanism can be used:
· CSI-RS is higher-layer configured to be QCL-ed with a TRS
· Then, a set of CSI-RS resources that can be potentially assumed to be QCL-ed with a DMRS QCL group is configured by higher-layer signaling
· For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding CSI-RS port(s) within the above-mentioned set of CSI-RS
Proposal 4: With explicit or implicit indication, DMRS ports on bundled time units could be assumed to be QCL-ed at UE.

	LGE (R1-1717950)


Regarding TCI in DCI:
Proposal 1: Support at least explicit signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state. FFS to support the association is implicitly determined by the UE.
Proposal 2: Support joint encoding between PDSCH beam indication and PDSCH rate matching information to possibly save the DCI overhead.
Proposal 3: Support that the configuration of RS set for each state can be done not only via RRC, but also via RRC + MAC CE.
Proposal 4: At least 1 slot latency or a couple of symbols should be allowed for the timing when the QCL is applied relative to the time of the QCL indication.

Regarding spatial QCL relation between a reference RS and a targeted RS:
Proposal 5: An indicator for spatial QCL relation between a reference RS and a targeted RS should be supported in a separated/independent DCI field/format, compared with an indicator for the spatial QCL indication for PDSCH reception.
Proposal 6: The signalling on “spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed.
Proposal 7: The signalling on “spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed.
Regarding QCL parameter sets and related conditions for NZP CSI-RS QCL, and DMRS QCL:
Proposal 8: For NZP CSI-RS QCL, support further that:
· Antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS:
· SS block: w.r.t .{average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters} regardless of whether TRS is configured 
Proposal 9: For DMRS QCL, support further that:
· Antenna ports of DM-RS can be QCL-ed with NZP CSI-RS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
· Antenna ports of DM-RS can be QCL-ed with SSblock w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters} for PDSCH demodulation, before any NZP CSI-RS configurations
Proposal 10: Type B QCL can also be supported as did in LTE, and for cases of above 6 GHz the Type B description should include spatial Rx parameters to be indicated via CSI-RS, not TRS, based on DL beam management operations supported in NR.
	OPPO (R1-1718057)



Proposal 1: NR supports only three types of grouping of QCL parameters: 
· G1: { average delay, delay spread, Doppler shift, Doppler spread}
· G2: {spatial Rx parameter}
· G3: { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter}, i.e., {G1+G2} 
Proposal 2: For the QCL assumption of TRS and CSI-RS for CSI acquisition, NR don’t support Type B 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
Proposal 3: NR at least supports the following additional QCL assumptions:
· DMRS of PDCCH/PDSCH can be QCLed with other RS w.r.t the following parameters:
· CSI-RS
· w.r.t. {spatial Rx parameter}:  CSI-RS for beam indication
· w.r.t { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }: CSI-RS for CSI acquisition
· CSI-RS can be QCLed with other RS w.r.t the following parameters:
· SS block
· w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter}: for the case where CSI-RS is configured for a SS block beam
· TRS
· SS block
· w.r.t. {spatial Rx parameter}
· CSI-RS
· w.r.t. {spatial Rx parameter}
· SS block
· SS block
· w.r.t. {spatial Rx parameter}: for the where case multiple SS blocks in the frequency domain in a wide bandwidth
Proposal 4: NR supports the following QCL assumptions:
· If configured, at least spatial QCL relation between SS Block (ref) and AP CSI-RS is signaled 
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another AP CSI-RS resource is signaled 
Proposal 5: NR supports the following signaling mechanism to indicate the QCL assumptions:
· via RRC if the target RS is periodic CSI-RS
· via semi-persistent CSI-RS activation signal if the target RS is semi-persistent CSI-RS
· via aperiodic CSI-RS triggering signals (DCI) if the target RS is aperiodic CSI-RS
Proposal 6: NR at least supports the following QCL assumptions between the RS in different CC
· DMRS of PDCCH/PDSCH is QCLed with SS block w.r.t. { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }
· TRS is QCLed with SS block w.r.t. {spatial Rx parameter}
· CSI-RS of PDCCH/PDSCH is QCLed with SS block w.r.t. { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }
Proposal 7: NR supports UE to report its capability whether or not support the QCL assumptions between the RS in different CC
Proposal 8: NR supports that the following QCL assumptions:
· DMRS of PUCCH/PUSCH is QCLed with an SS block w.r.t. spatial QCL parameter
· SRS is QCLed with a SS block w.r.t. spatial QCL parameter
·  DMRS of PUCCH/PUSCH is QCLed with a CSI-RS w.r.t. spatial QCL parameter
· SRS is QCLed with a CSI-RS w.r.t. spatial QCL parameter
Proposal 9: NR supports that the following QCL assumptions:
· DMRS of PUCCH/PUSCH is QCLed with a SRS  w.r.t. spatial QCL parameter
· SRS is QCLed with a different SRS w.r.t. spatial QCL parameter

	Docomo (R1-1718201)



Proposal 1: Following ways of configuring QCL relations between a reference RS and a targeted RS are supported
· If configured, at least spatial QCL relation between SS Block (ref) and AP CSI-RS is signaled
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and an AP CSI-RS resource is signaled.
Proposal 2: The spatial QCL relation between SS Block (ref) and P CSI-RS is via RRC.
Proposal 3: The spatial QCL relation between SS Block (ref) and SP CSI-RS is via SP CSI-RS activation signal.
Proposal 4: The spatial QCL relation between P CSI-RS resource (ref) and another P CSI-RS resource is via RRC.
Proposal 5: The spatial QCL relation between P CSI-RS resource (ref) and SP CSI-RS resource is via SP CSI-RS activation signal.
Proposal 6: The spatial QCL relation between SS-block or P/SP CSI-RS (ref) and AP CSI-RS is via AP CSI-RS triggering signal.
Proposal 7: For single CC/BWP and single TRP, the following is supported:
· Antenna ports of DM-RS can be QCL-ed with TRS w.r.t. Doppler shift, Doppler spread, average delay and delay spread.
	AT&T (R1-1718394)



Proposal-1: RAN1 should support configuring QCL between the RS pair from any CCs. The applicability of intra/inter-band cross-CC QCL should be decided by RAN4. 
Proposal-2: Once configured, network is responsible to guarantee the validation of the cross-CC QCL parameters. 
Proposal-3: RAN1 should support QCL configuration between RSs transmitting on different numerology (intra-CC or cross-CC)
Proposal-4: After RRC configuration of TRS and CSI-RS for above 6 GHz for single TRP, the following QCL can be configured to UE:
· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH
· SSB  TRS: [Doppler shift, average delay]
· Type A: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	Ericsson (R1-1718452)



Proposal 1: The network configures the QCL relation between each actually transmitted SSB and a TRS for Doppler shift and average delay parameters. Note that multiple SSB may be associated to the same TRS by configuration.
Proposal 2: Support CSI-RS  PDCCH DMRS: Doppler shift, Doppler spread, average delay, delay spread 
Proposal 3: Support configuring that average delay and delay spread are not QCL between source RS and target RS 
Proposal 4: Support Configuration Type B where TRS  CSI-RS: Doppler shift, Doppler spread
Proposal 5: Any supported RRC configured QCL relation between source RS and target RS can be include the spatial QCL parameter as an add-on. 
Proposal 6: Support reciprocal spatial quasi co-location at a node, where a transmitted signal received at a node and a transmitted signal from the same node, are related by reciprocal spatial QCL assumption.
	[bookmark: _Hlk490832560]Interdigital (R1-1718486)



Proposal-1: antenna port(s) of NZP-CSI-RS can be QCL-ed with SS block w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
Proposal-2: antenna port(s) of NZP-CSI-RS can be QCL-ed with SS block w.r.t. {Doppler shift, Doppler spread, spatial Rx parameters}
Proposal-3: antenna port(s) of NZP-CSI-RS can be QCL-ed with antenna port(s) of another NZP-CSI-RS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
Proposal-4: aperiodic CSI-RS is not supported for QCL association indication in the N-bit indicator fields
Proposal-5: PDSCH rate-matching resource indication is not signalled together with QCL indication in the DCI associated with PDSCH.
	Nokia (R1-1718520)



Proposal: Configuration of QCL association between DL RS and DMRS of NR-PDSCH for each TCI state are performed in RRC and MAC-CE level.
Proposal: Configuration of QCL association between DL RS and DMRS of NR-PDSCH for each TCI state comprising CORESET and search configurations are performed in RRC and MAC-CE level.
RS combinations holding QCL assumptions:
· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz
· SSB  DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· FFS whether restriction on PDSCH scheduling
· SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP
· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH
· SSB  TRS: Doppler shift, average delay
· Type A: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· After RRC for above 6 GHz
· SSB  TRS: [average delay, Doppler shift, Spatial RX parameters]
· SSB  CSI-RS for beam management: [average delay, Doppler shift, Spatial RX parameters]
· TRS  CSI-RS for CSI acquisition: [Delay spread, average delay, doppler spread, doppler shift, spatial RX parameters]
· CSI-RS for beam management  CSI-RS for CSI acquisition: [Spatial RX parameters, doppler and delay parameters]
· CSI-RS for CSI acquisition  DMRS of NR-PDSCH [Doppler shift, doppler spread, average delay, delay spread]
· SSB  DMRS of NR-PDSCH [Doppler shift, doppler spread, average delay, delay spread, spatial RX parameters]
· SSB  DMRS of NR-PDCCH [Doppler shift, doppler spread, average delay, delay spread, spatial RX parameters]
· TRS  DMRS of NR-PDCCH [Doppler shift, doppler spread, average delay, delay spread, spatial RX parameters]
· DMRS of NR-PDSCH  PTRS

	Qualcomm (R1-1718551)


Proposal 1: 	Support DCI Based NR-PDCCH beam switch. 
· FFS PDCCH beam switch signaling via dedicated DCI with ACK/NACK. 
Proposal 2: Support joint control and data beam switching mode via RRC. 
Proposal 3: Support DCI based update of TCI states with their corresponding DL RS. 
Proposal 4: (a) NR shall support cross carrier QCL indication between the RS pairs w.r.t to their corresponding QCL parameter sets as described in Table 1.
	Pairs of RSs /RS resources
	QCL parameters
	Application case

	CSI-RS-P1 of CC/BWP A
	CSI-RS-P2 of CC/BWP B
	(6)
	Training new CSI-RS P2 beam in Carrier B based on previous CSI-RS P1 beam in Carrier A.

	SS or CSI-RS of CC/BWP A
	DMRS or PTRS of CC/BWP B
	(2) (3) (4) (5) (6)
	Indicating of derivation of Channel estimation parameters such as Doppler for one CC based on CSI-RS from a different CC/BWP

	SS or CSI-RS of CC/BWP A
	UL Control/Data DMRS of CC/BWP B
	Reciprocal (6) 
	Spatial QCL in reciprocal sense for indicating of PUCCH/PUSCH beam for UL based on DL grant reception in another CC

	Note: QCL Parameters are (1) average gain, (2) average delay, (3) Doppler shift, (4) delay spread, (5) Doppler spread, and (6) spatial RX parameter(s)


(b) Within a BWP/CC, NR shall support QCL indication between the RS pairs w.r.t to their corresponding QCL parameter sets as described in Table 3.
Proposal 5: NR shall support mix of RRC and DCI based dynamic indication of reciprocal QCL relationship between uplink PUSCH/PUCCH beam on one CC/BWP and DL CSI-RS/SS ports on same or another CC/BWP
Table 3: Summary of QCL parameters within CC for different pairs of RSs/RS resources.
	Pairs of RSs /RS resources
	QCL parameters
	Application case/Comments

	SS or CSI-RS or DMRS
	TRS
	(2) (3) (4) (5) (6)
	Time/frequency tracking. QCL between CSI-RS and TRS has been already agreed w.r.t to (2-5) in RAN1#90 while (6) is not yet agreed. 

	SS or CSI-RS
	DMRS or PTRS
	(2) (3) (4) (5) (6)
	Channel estimation for demodulation. DMRS includes both PDCCH and PDSCH.  

	SS
	CSI-RS
	(3) (5) (6)
	UE can receive CSI-RS beam using same beam used to receive a certain SS.  Training new CSI-RS beam based on previous SS beam.  SS has been agreed to be QCL with CSI-RS w.r.t to (6). For bootstrapping CSI-RS w.r.t to SS for beam management, it is preferable to have only additionally QCL w.r.t (3) and (5) 

	PDCCH-DMRS
	PUCCH-DMRS
	(6)
	QCL in reciprocal sense. e.g., signaling to use the RX beam of PDCCH to transmit PUCCH

	CSI-RS
	SRS
	(6)
	QCL in reciprocal sense


Note: QCL Parameters are (1) average gain, (2) average delay, (3) Doppler shift, (4) delay spread, (5) Doppler spread, and (6) spatial RX parameter(s)
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