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Introduction
In RAN1#AH2 meeting a total of 10 contributions [2-11], 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 (CC)
3. QCL Indication/Signaling Aspects 
4. QCL types 
5. QCL Assumptions for CSI-RS, DM-RS and UL RS. 
QCL definition and parameters
Based on the submitted contributions the following summary have been made on QCL parameters:
· Support three basic QCL types with parameter subsets {average gain}, {average delay, delay spread, Doppler shift, Doppler spread} and {spatial Rx parameters} based on the main application cases {RRM management, obtaining channel estimation and forming spatial filter}. [2-Huawei]
· A CSI-RS unit resource can be configured as a QCL RS for PDSCH/PDCCH demodulation in one or more QCL parameter sets such as: {average gain, and average delay, delay spread}, {Doppler Spread, Doppler Shift}, {Spatial parameters} [7-Samsung]
· Consider both options of separate or include the spatial channel properties of the antenna ports at the transmitter in the QCL information. Specify a single signalling alternative [11-Nokia]
Proposal: TBD
QCL Assumptions Related to Component Carriers (CC) 
Based on the submitted contributions the following summary have been made on CC QCL assumption:
· Support spatial QCL indication across different CC for NR to simplify the beam procedure. [2-Huawei]
· Without any explicit or implicit indication, antenna ports transmitted on different CCs can’t be assumed to be QCL-ed w.r.t. spatial domain QCL parameters. [3-CATT]
· Due to the frequency selectivity, variant TX and Rx beams are selected per CC, UE-assisted QCL association across different CCs w.r.t. at least the spatial QCL parameter is supported by UE feedback. Beam reporting can be considered as a form of this feedback. [4-ZTE]
· To support beam management procedure in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to spatial QCL parameters of the channel (e.g. mean angle-of-arrival and angle-of-arrival spread) [6-Intel]
· To support RRM measurements in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to power QCL parameters of the channel (e.g. average gain) [6-Intel]
· [bookmark: _Toc485453286]Similar to multi-carrier operation, NR supports QCL indication across different BPs [6-Intel]
· NR supports QCL indication across carriers. [10-Qualcomm]
· NR supports QCL indication across carriers, the default assumption being QCL assumptions per CC w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters. [11-Nokia]

Proposal: 
· NR supports QCL indication across carriers/[bandwidth parts], the default assumption being QCL assumptions per CC/[bandwidth parts] w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters.
· UE-assisted QCL association across different CCs w.r.t. at least the spatial QCL parameter is supported by UE feedback.

QCL Indication/Signaling Aspects
Based on the submitted contributions and proposals listed in Appendix, the following summary have been made on QCL indication/signaling:
· NR signaling of QCL comprises of higher layer signalling (RRC), MAC-CE signalling and dynamic signaling
· Multiple stages configuration of QCL among RSs should be supported in NR for both DL and UL. [4-ZTE]
· QCL types are predefined [4-ZTE, 8-Interdigital]
· QCL association between DL reference signals is indicated semi-statically or dynamically [8-Interdigital]

· Support DCI based signaling of QCL assumption between NR-PDCCH and DL RS antenna port(s) for NR-PDCCH beam switch. For DCI based indication, additional PDCCH confirmation via ACK/NACK shall be supported. [10-Qualcomm, 11-Nokia]

· Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel. [2-Huawei]
· For CSI estimation, higher layer signalling can provide the QCL indication between the CSI-RS within a CSI-RS resource. [11-Nokia]
·  Signal the QCLed CSI-RS ports inside a beam in order to allowed improved CSI-RS RSRP computation, if the CSI-RS RSRP definition will be per CSI-RS port. [11-Nokia]
·  Higher layer signalling can be used for linking the DMRS ports to the PTRS ports w.r.t. sharing same beam or same RF chain. [11-Nokia]
·  Higher layer signalling and dynamic indication and needed for CSI-RS to DM-RS QCL indication. [11-Nokia]

Proposal: TBD

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



QCL for shared channel reception
· QCL parameters
a. Average delay, delay spread, Doppler shift, Doppler spread: 
i. DMRS w/ one CSI-RS resource,		 (3-CATT)
b. Average received power, delay spread, Doppler spread, received timing, frequency shift
c. Average gain, and average delay, delay spread	 
d. Doppler spread and Doppler shift 		
i. CSI-RS ports within different resource	4-ZTE, 7-Samsung, 8-Interdigital
ii. DMRS ports in a DMRS group 		8-Interdigital
iii. CSI-RS w/ DMRS ports in a DMRS group for PDCCH/PDSCH 8-Interdigital
e. Spatial channel properties: 
· CSI-RS port and SRS port, 		4-ZTE, 10-Qualcomm
· DMRS ports in a DMRS group 		8-Interdigital: b+e
· DMRS group for PDSCH/CSI-RS resource 8-Interdigital: b+e
· CSI-RS port and DM-RS port		4-ZTE, Qualcomm: b+e
· CSI-RS ports in a CSI-RS resource 	4-ZTE: d+e 
· CSI-RS ports in a CSI-RS resource 	Samsung, 8-Interdigital: b+e
· SS block and DM-RS port		4-ZTE, 8-Interdigital: d+e, Intel
· SS block and (periodic) CSI-RS		8-Interdigital, 10-Qualcomm: d+e, Intel 
· SS block and TRS			10-Qualcomm, 11-Nokia: b+e
· PDCCH DMRS and PUCCH DMRS	10-Qualcomm

· FFS QCL parameters associating: [Ericsson]
· PDSCH DMRS with one or multiple CSI-RS resource(s) and/or with a TRS resource (using RRC and using DCI for selection as in LTE TM10)
· PDCCH DMRS with a CSI-RS resource and/or with a TRS resource (using higher layer signalling)

· Spatial QCL needs to contain indication of UE spatial filtering assumptions (such as narrow or wide beam usage.) How and if to capture this in the specification should be discussed. [Nokia]
QCL between RS ports or same RS type for RRM
· QCL types for [average gain] predefined in specification can be regarded as QCL w.r.t. average gain
· CSI-RS resources on same CC: 3-CATT 
· DMRS for PBCH, 3-CATT 
QCL between SSblock and other RS:
· Explicit QCL indication to a SS block index at least w.r.t. spatial Rx parameters, where the UE can assume Power Angle-of-arrival Profile (PAP) from CSI-RS port(s) within the CSI-RS resource is a subset of PAP observed from the transmitted signals within the SS block. [5-LGE]
· The MIB in the PBCH contains an indicator which indicates whether UE may assume that the SS Block is QCL with PDCCH and PDSCH DMRS used to receive RMSI. [9-Ericsson]
· The network configures the UE (e.g. in RMSI) whether PRACH preambles and PUSCH DMRS carrying MSG3 is reciprocally spatially QCL with the detected SS-block.  Otherwise the UE should not utilize any reciprocal spatial QCL relation between the SS block and the transmitted PRACH + PUSCH DMRSs containing MSG3. [9-Ericsson] 
· If QCL association between SS block and PRACH is configured, then the UE may assume that DMRS for PDCCH and PDSCH related MSG2 are QCL with the detected SS-block. Otherwise the UE should not assume any QCL relation between the SS block and PDCCH/PDSCH DMRSs for messages involved in the random-access procedure. [9-Ericsson]
· If QCL association between SS block and PRACH is configured, (e.g. in RMSI), then the UE may assume that DMRS for PDCCH and PDSCH carrying the RRC configuration (e.g. MSG4) of TRS are QCL with the detected SS-block. Otherwise, the UE should not assume any QCL association for PDCCH/PDSCH DMRSs until explicitly configured (e.g. to be QCL with TRS). [9-Ericsson]

· Either in implicitly or explicitly the network should be able to link different SSblock indices with the same CSI-RS configuration. [11-Nokia]

Proposal: TBD

QCL Assumptions for CSI-RS, 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 CSI-RS:
· 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. [7-Samsung]
· 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. 
· For beam management, a UE can be configured with two resource settings: [7-Samsung]
· A first resource setting is for SP-CSI-RS used for P-1/P-2, and comprises K1>1 CSI-RS resources.
· The CSI-RS resources in the first resource setting can be activated/deactivated. The reporting/QCL indication is based on the activated resources only.
· A second resource setting is for AP-CSI-RS used for P-2/P-3, and comprises K2>=1 CSI-RS resources.
· A unit resource selected from the set of activated resources in the first resource setting can be indicated as a QCL RS in spatial parameters; (1) for PDSCH/PDCCH reception; and (2) for beam refinement based on CSI-RS in the second resource setting.
· [bookmark: _Toc485453287]NR support CSI-RS port grouping within a CSI-RS resource. A UE can assume that CSI-RS ports within the same CSI-RS port group are QCL. A UE cannot assume that CSI-RS ports form different CSI-RS port groups are QCL. [10-Qualcomm]
Proposal: TBD

QCL assumptions related to DMRS
· DMRS port grouping consists of [two, 2-Huawei, 6-Intel, 7-Samsung] DM-RS antenna port groups
· DMRS ports should be grouped according to orthogonal time and frequency resource. [2-Huawei]
· Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel. [2-Huawei]
· DMRS port group1 includes ports [0, 1, 2, 3] and DMRS port group2 includes ports [4, 5, 6, 7]. [2-Huawei, 7-Samsung]
· With explicit [RRC, 7-Samsung] or implicit indication, DMRS ports on bundled time units could be assumed to be QCL-ed at UE. [3-CATT, 6-Intel, 7-Samsung]
· DMRS group is indicated dynamically; UE is implicitly indicated the corresponding QCL RS. [7-Samsung]

Proposal: [below proposal should be discussed after the DMRS patterns and ports are agreed!]
· DMRS port grouping consists of [two, 2-Huawei, 6-Intel, 7-Samsung] DM-RS antenna port groups
· DMRS ports should be grouped according to orthogonal time and frequency resource. [2-Huawei]
· Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel. [2-Huawei]
· DMRS port group1 includes ports [0, 1, 2, 3] and DMRS port group2 includes ports [4, 5, 6, 7]. [2-Huawei, 7-Samsung]
· With explicit [RRC, 7-Samsung] or implicit indication, DMRS ports on bundled time units could be assumed to be QCL-ed at UE. [3-CATT, 6-Intel, 7-Samsung]
· DMRS group is indicated dynamically; UE is implicitly indicated the corresponding QCL RS. [7-Samsung]

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. [2-Huawei]
· NR should support UE reporting (e.g., via UE capability signaling) of UL antenna port QCL information. The reported information may correspond to UL antenna port grouping, for which ports in a group are QCL’ed and ports in different groups are not QCL’ed. [7-Samsung]
· 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. [9-Ericsson]
· There is no signalling need for linking DL with UL RS in terms of QCL assumptions. [11-Nokia]

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

	Huawei (R1-1709935)



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 CSI-RS/SRS/PUSCH/PUCCH for uplink beam management.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: Support spatial QCL indication across different CC for NR to simplify the beam procedure.
Proposal 3: DMRS ports should be grouped according to orthogonal time and frequency resource.
Proposal 4: Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel.
Proposal 5: Support three basic QCL types with parameter subsets {average gain}, {average delay, delay spread, Doppler shift, Doppler spread} and {spatial Rx parameters} based on the main application cases {RRM management, obtaining channel estimation and forming spatial filter}.

	CATT (R1-1710071)



Proposal 1: Antenna ports can be UE-specifically grouped according to their QCL relationship between each other. 
Proposal 2: Support at least the following types of QCL parameter set:
	Type of QCL parameter set
	QCL parameters
	Example pairs of RSs/RS resource
	Application case

	Set 1
	Spatial Rx parameters 
	- Among DMRS ports
- Among CSI-RS ports 
- Between DMRS ports and CSI-RS ports
	Beam management

	Set 2
	Delay spread, average delay, Doppler spread, Doppler shift
	Between DMRS ports and CSI-RS ports within the same CC
	Demodulation 

	Set 3
	average gain
	- Among DMRS ports within the same CC, if UE knows the power offset of NR-PBCH DMRS and NR-SSS
- Among CSI-RS ports within the same CC
	RRM


Proposal 3: Without any explicit or implicit indication, antenna ports transmitted on different CCs can’t be assumed to be QCL-ed w.r.t. spatial domain QCL parameters.
Proposal 4: With explicit or implicit indication, DMRS ports on bundled time units could be assumed to be QCL-ed at UE.
	ZTE (R1-1710202)



Observation 1: Due to the frequency selectivity, variant TX and Rx beams are selected per CC.
Proposal 1: UE-assisted QCL association w.r.t. at least the spatial QCL parameter is supported by UE feedback.
Proposal 2: The approach as proposed in alt 2 (Which of QCL type is configured by gNB where multiple QCL types are pre-defined ) should be supported in NR for the gNB to configure QCL parameters among RSs.
Proposal 3: The following QCL associations should be supported in NR:
· CSI-RS port and SRS port can be assumed to be QCLed w.r.t spatial Rx parameter.
· CSI-RS ports within different resource can be assumed to be QCLed:
· w.r.t spatial Doppler spread and Doppler shift 
· w.r.t spatial Rx parameter
· CSI-RS port and DM-RS port can be assumed to be QCLed
· w.r.t Doppler spread Doppler shift, delay spread, average delay and spatial Rx parameter 
· w.r.t Doppler spread, Doppler shift
· SS port and DM-RS port can be assumed to be QCLed
· w.r.t spatial Doppler spread and Doppler shift 
· w.r.t spatial parameter
Proposal 4: DL signalling (e.g., RRC/MAC CE or DCI), should be considered to indicate the suitable QCL assumption to RSs.
Proposal 5: Multiple stages configuration of QCL among RSs should be supported in NR for both DL and UL.
	LGE (R1-1710300)



Proposal 1: To support reasonable UE complexity in RX beam searching, configuration of a CSI-RS resource should be able to include an explicit QCL indication to a SS block index at least w.r.t. spatial Rx parameters, where the UE can assume Power Angle-of-arrival Profile (PAP) from CSI-RS port(s) within the CSI-RS resource is a subset of PAP observed from the transmitted signals within the SS block.
	Intel (R1-1710539)



· For DM-RS antenna port groups
· NR supports at most two DM-RS antenna port groups, where DM-RS antenna port grouping is predetermined in the specification and depends on the total number of MIMO layers scheduled for the UE
· For 1st and 2nd DM-RS antenna port groups, NR supports configuration of the multiple QCL parameter sets configured for the UE using higher layer signalling, where the actual QCL set that should be used by the UE for PDSCH processing is indicated in DCI
· For cross-carrier QCL 
· To support beam management procedure in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to spatial QCL parameters of the channel (e.g. mean angle-of-arrival and angle-of-arrival spread) 
· To support synchronization procedures in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to time and frequency QCL parameters of the channel (e.g. average delay, delay spread Doppler shift and Doppler offset) 
· To support RRM measurements in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to power QCL parameters of the channel (e.g. average gain)
· For QCL assumption across different BW parts
· Similar to multi-carrier operation, NR supports QCL indication across different BPs
· For antenna port of SS block consider the following QCL assumptions
· Antenna port of SS block and antenna port of DM-RS of common control channel wrt to spatial parameters 
· Antenna port of SS block and antenna port of beam management CSI-RS wrt to spatial parameters
	Samsung (R1-1710690)



Proposal 1:
· 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 2: 
· 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 3: For beam management, a UE can be configured with two resource settings:
· A first resource setting is for SP-CSI-RS used for P-1/P-2, and comprises K1>1 CSI-RS resources.
· The CSI-RS resources in the first resource setting can be activated/deactivated. The reporting/QCL indication is based on the activated resources only.
· A second resource setting is for AP-CSI-RS used for P-2/P-3, and comprises K2>=1 CSI-RS resources.
· A unit resource selected from the set of activated resources in the first resource setting can be indicated as a QCL RS in spatial parameters; (1) for PDSCH/PDCCH reception; and (2) for beam refinement based on CSI-RS in the second resource setting.
Proposal 4: The following should be adopted for DMRS related QCL
· All the available DMRS ports should be equally partitioned into two for the DMRS port grouping. 
· For example, if NR DMRS ports are D0-D7, the DMRS port grouping is done in D0-D3 and D4-D7.
· The QCL RS for each DMRS group can be configured in RRC
· DMRS group is indicated dynamically; UE is implicitly indicated the corresponding QCL RS.
Proposal 5: NR should support UE reporting (e.g., via UE capability signaling) of UL antenna port QCL information. The reported information may correspond to UL antenna port grouping, for which ports in a group are QCL’ed and ports in different groups are not QCL’ed. 
	Interdigital (R1-1710941)



Proposal-1: QCL types are predefined and QCL association between DL reference signals is indicated semi-statically or dynamically
Table 1. QCL types and its associated QCL parameters
	Type of QCL parameter set
	QCL parameters
	Example pairs of RSs/RS resource
	Application case

	TYPE 1
	{Average received power, delay spread, Doppler spread, received timing, Doppler shift, spatial Rx parameters}
	DMRS ports in a DMRS group
CSI-RS ports in a CSI-RS resource
DMRS group for PDSCH/ CSI-RS resource
	Sharing the same beam between resources

	TYPE 2
	{Doppler spread, Doppler shift}
	DMRS ports in a DMRS group
CSI-RS ports in a CSI-RS resource
DMRS group for PDSCH and PDCCH/ CSI-RS resource
	Sharing the same RF with different beams

	TYPE 3
	{Doppler spread, Doppler shift, spatial Rx parameter(s)}
	SS block/ DM-RS for PDCCH (e.g., common search space)
SS block/ periodic CSI-RS
	Sharing the same RF with same beam direction but different beamwidth 

	TYPE 4
	N/A
	Between CSI-RS resources
Between DM-RS groups
	Use different RF chain (non-QCL-ed)



Proposal-2: the QCL types shown in the Table 1 is supported
	Ericsson (R1-1711051)



Proposal 1 The MIB in the PBCH contains an indicator which indicates whether UE may assume that the SS Block is QCL with PDCCH and PDSCH DMRS used to receive RMSI.
Proposal 2 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.
Proposal 3 The network configures the UE (e.g. in RMSI) whether PRACH preambles and PUSCH DMRS carrying MSG3 is reciprocally spatially QCL with the detected SS-block.  Otherwise the UE should not utilize any reciprocal spatial QCL relation between the SS block and the transmitted PRACH + PUSCH DMRSs containing MSG3.
Proposal 4 If QCL association between SS block and PRACH is configured, then the UE may assume that DMRS for PDCCH and PDSCH related MSG2 are QCL with the detected SS-block. Otherwise the UE should not assume any QCL relation between the SS block and PDCCH/PDSCH DMRSs for messages involved in the random-access procedure.
Proposal 5 If QCL association between SS block and PRACH is configured, (e.g. in RMSI), then the UE may assume that DMRS for PDCCH and PDSCH carrying the RRC configuration (e.g. MSG4) of TRS are QCL with the detected SS-block. Otherwise, the UE should not assume any QCL association for PDCCH/PDSCH DMRSs until explicitly configured (e.g. to be QCL with TRS).
Proposal 6 A UE can be RRC configured with one or multiple TRSs, depending on the use case
Proposal 7 The PDSCH DMRS can be configured (using RRC and using DCI for selection as in LTE TM10) to be QCL with one or multiple CSI-RS resource(s) and/or with a TRS resource. Which of the QCL parameters that can be associated with each resource, and the configuration flexibility, needs further discussion.
Proposal 8 The PDCCH DMRS can be configured (using higher layer signalling) to be QCL with a CSI-RS resource and/or with a TRS resource. Which of the QCL parameters that can be associated with each resource needs further discussion.
	Qualcomm (R1-1711176)



Table 1: Summary of QCL parameters for different pairs of RSs/RS resources.
	Pairs of RSs /RS resources
	QCL parameters
	Application case

	SS or CSI-RS
	TRS
	(2) (3) (4) (5) (6)
	Time/frequency tracking

	SS or CSI-RS
	DMRS or PTRS
	(2) (3) (4) (5) (6)
	Channel estimation for demodulation

	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.

	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



Proposal 1:	Support QCL parameter subsets in Table 1.
Proposal 2:	NR supports QCL indication across carriers.
Proposal 3:	NR support CSI-RS port grouping within a CSI-RS resource.  A UE can assume that CSI-RS ports within the same CSI-RS port group are QCL.  A UE cannot assume that CSI-RS ports form different CSI-RS port groups are QCL.
Proposal 4: 	Support DCI Based QCL Indication for NR-PDCCH: In NR, gNB shall support DCI based signaling of QCL assumption between NR-PDCCH and DL RS antenna port(s) for NR-PDCCH beam switch. For DCI based indication, additional PDCCH confirmation via ACK/NACK shall be supported.

	Nokia (R1-1711312)


SS block and CSI-RS QCL:
Observation: the CSI-RS resources configured in the same OFDM symbol, may be linked with different SS blocks from spatial QCL perspective.

Proposal: either in implicitly or explicitly the network should be able to link different SSblock indices with the same CSI-RS configuration.

QCL definition:

Proposal: consider both options of separate or include the spatial channel properties of the antenna ports at the transmitter in the QCL information. Specify a single signalling alternative.

QCL signalling framework:

Proposals: 
·  For CSI estimation, higher layer signalling can provide the QCL indication between the CSI-RS within a CSI-RS resource.
·  Signal the QCLed CSI-RS ports inside a beam in order to allowed improved CSI-RS RSRP computation, if the CSI-RS RSRP definition will be per CSI-RS port.
·  Higher layer signalling can be used for linking the DMRS ports to the PTRS ports w.r.t. sharing same beam or same RF chain.
·  Higher layer signalling and dynamic indication and needed for CSI-RS to DM-RS QCL indication.

Proposals: TRS can be assumed QCLed with SS block signals w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial UE-Rx parameters.

Proposal: Spatial QCL needs to contain indication of UE spatial filtering assumptions (such as narrow or wide beam usage.) How and if to capture this in the specification should be discussed.
Proposal: NR supports QCL indication across carriers, the default assumption being QCL assumptions per CC w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters.

Proposal: There is no signalling need for linking DL with UL RS in terms of QCL assumptions.

