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Introduction
In RAN1#89 meeting a total of 10 contributions [2-13], have been submitted on the QCL agenda item. Based on the contributions of different companies, the following list of topics is summarized in upcoming sections: 
1. QCL 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 Parameters
Based on the submitted contributions and their proposals listed in Appendix, the following summary have been made on QCL parameters:
· All the companies agree that we need to use time/frequency parameters as in LTE and spatial channel parameters.
· Regarding the spatial parameters, there are various views: 
· Candidates for spatial parameter may include: average AoA, Power Angular Spectrum (PAS) of AoA, average AoD, PAS of AoD, transmit/receive channel correlation, transmit/receive beamforming, etc. Huawei [2]
· Angle of arrival should be captured in the QCL parameters set to describe the spatial channel properties of the RS antenna ports observed at the receiver: ZTE [3]
· Mean angle of arrival and angle of arrival spread: Intel [4]
· Angular domain parameters at the arrival, e.g., mean AoA/ZoA and/or ASA/ZSA, can be considered as spatial QCL parameter: Qualcomm [9]
· Spatial channel correlation: Ericsson [10]
· Use a generic term “spatial parameters” and defer to RAN4 in performance testing of the actual feature utilization of this characteristic: Nokia [11]
Proposal: TBD
QCL Assumptions Related to Component Carriers (CC) 
Based on the submitted contributions and their proposals listed in Appendix, the following summary have been made on CC QCL assumption:
· Support QCL indication across carriers, the default assumption being QCL assumptions per CC: CATT [5], Qualcomm [9], Ericsson [10], Nokia [11].
· Support spatial QCL indication across different CC for NR to simplify the beam procedure: Huawei [2]  

Proposal: NR supports QCL indication across carriers, the default assumption being QCL assumptions per CC

QCL Indication/Signaling Aspects
Based on the submitted contributions and their 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 signalling (DCI): Huawei [2, 12], Interdigital [8], Nokia [11, 13]
· E.g.: Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel: Huawei [2]
· E.g.: Support RRC signaling for time-frequency resource configuration for monitoring and MAC-CE signaling for QCL indication of DMRS ports for control channel: Huawei [12], Nokia [13], Intel [14]
· Support high-layer signalling for QCL indication of DMRS for UE specific control channel: Huawei [2]
· DL signalling (e.g., RRC/MAC CE or DCI), should be considered to indicate the suitable QCL assumption to RSs: ZTE [3]
· Multiple stages configuration of QCL among RSs should be supported in NR for both DL and UL: ZTE [3]
Observation: The QCL types need to be separated per their means of conveying to the UE which can be: 1. Hardcoded in the specification or indicated in a dedicated signalling, 2. QCL signaling comprising higher layer configuration, MAC-CE and DCI as shown above, 3. RS assumptions, without signaling: such as in RRM/RAN4 testing
It is worth reminding the agreement done in initial access in RAN1#88bis:
	Agreements: 
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.
· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block
· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.
NR cell ID for time reference of CSI-RS(s) is informed to the UE



Proposal: 
· NR signaling of QCL comprises of higher layer signalling (RRC), MAC-CE signalling and dynamic signalling (DCI)
· RRC and MAC-CE signalling for NR-PDCCH
· RRC and DCI signalling for NR-PDSCH
· QCL between SSblock and other RS (e.g. PRACH, CSI-RS for mobility/BM, PBCH-DMRS) is implicitly or explicitly captured in the specification, separate from the shared channel QCL.
· RS QCL for RRM is implicitly assumed in specification (e.g. ports in a CSI-RS resource per CC, DMRS ports in a group per CC  )

QCL Types 
Based on the submitted contributions and their proposals listed in Appendix, the following summary have been made on QCL types:
QCL between SSblock and other RS:
· QCL between SSblock and CSI-RS w.r.t [spatial parameters Intel[8]], [Power Angle-ofArrival LGE [6]], Nokia [11] is:
· Predefined in the specification (Nokia [11])
· Signaled via RRC/MAC (LGE [6])
· QCL between SSblock and DMRS for PDCCH w.r.t [spatial parameters [Intel [4]]](e.g CSS) (Interdigital [8], Intel [8])

· QCL indication may include a cell/TP identifier associated with an SS block (LGE [6])

· QCL between SSblock and PRACH: predefined in specification (Ericsson [10])
· QCL between CSI-RS resource and SRS/UL DMRS: signalled (Ericsson [10])

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. (Huawei [2], Intel [4], Nokia, CATT [5])
· CSI-RS resources on same CC: Huawei [2], CATT [5]
· DMRS for PBCH, CATT [5]
QCL for shared channel reception
· QCL parameters
a. Average delay, delay spread, Doppler shift, Doppler spread: 
i. DMRS w/ one CSI-RS resource,		 (Huawei [2], CATT [5], Interdigital [8])
ii. CSI-RS w/ time/freq. tracking RS,	 (Huawei [2])
b. Average received power, delay spread, Doppler spread, received timing, frequency shift
i. DMRS ports in a DMRS group,		 (Interdigital [8]))
ii. CSI-RS ports in a CSI-RS resource,	 (Interdigital [8]), [11])
c. Average gain, and average delay, delay spread	 (Samsung [7])
i. CSI-RS w/ DMRS ports in DMRS port group for PDSCH/PDCCH
ii. CSI-RS resource w/ CSI-RS resource,	 (Interdigital [8])
d. Doppler spread and Doppler shift 		 (Samsung [7])
i. CSI-RS w/ DMRS ports in a DMRS group for PDCCH/PDSCH
e. Spatial channel properties: 
· QCL among different CSI-RS resource, 	(Huawei [2], Nokia [11], Samsung [7])
· CSI-RS resource w/ DMRS,		(Huawei [2], Nokia [11], CATT, Samsung [7])
· PTRS w/ one of DMRS port group,	(Huawei [2], Nokia [11])
· UL QCL among different SRS resource,	(Huawei [2], Nokia [11])
· UL DMRS w/ one SRS resource; UL SRS w/ DL CSI-RS. 	(Huawei [2])
· DMRS, CSI-RS within same CC 	(CATT, Interdigital [8])
· DMRS ports in a DMRS group 		(Interdigital [8]: b+e)
· CSI-RS ports in a CSI-RS resource 	(Interdigital [8]: b+e)

· QCL linkage in time between same RS type
· QCL on spatial channel properties for CSI-RS w/ CSI-RS in time (Samsung [7])

· Utilize QCL indication to prevent narrow UE beamforming: Intel [4], Nokia [11]
· If the physical channel should be received using single beamforming, all antenna ports of the physical channel should be assumed as QCL wrt {average angle-of-arrival, angle of arrival spread}: Intel [4]
· QCL between CSI-RS w.r.t spatial parameters should contain indication of “narrow/wide” beam operation: Nokia [11] .
Proposal: TBD

QCL Assumptions for CSI-RS, DM-RS and UL RS. 
Based on the submitted contributions and their 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 parameter: Samsung [7] 
· The unit resource size 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 set. 
· Separate CSI-RS unit resources can be configured for different QCL parameter sets. 
· For QCL parameter set {Doppler Spread, Doppler Shift}, periodic/semi-persistent/high-time-density CSI-RS should be configured. 
· For QCL parameter set {Spatial parameters}, wideband/sufficient-frequency-density CSI-RS should be configured 

· For beam management, a UE can be configured with two resource settings: Samsung [7]
· 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.
· A QCI type for QCL association between CSI-RS resources in different panel is supported: Interdigital [8]

· 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: Qualcomm [9]
· [bookmark: _Toc481598489][bookmark: _Toc481598529][bookmark: _Toc481598582][bookmark: _Toc481598799][bookmark: _Toc481598827][bookmark: _Toc481740563][bookmark: _Toc481740635]Support the dynamic indication in DCI of spatial QCL assumptions between CSI-RS resources when triggering a CSI-RS measurement for beam management: Ericsson [10]
· The following CSI-RS QCL configurations are supported: Nokia [11] 
· A CSI-RS resource is configured w and wo/ spatially collocated resources (CSI-RS ports)
· A CSI-RS resource set is configured w and wo/ spatially collocated CSI-RS resources
· A UE is configured with multiple CSI-RS resource sets, each having independent spatially QCLed configurations.

Proposal: TBD

QCL assumptions related to DMRS
·  The following should be adopted for DMRS related QCL: Samsung [7], Huawei [2]?
· All the available DMRS ports should be equally partitioned into two for the DMRS port grouping.  (Samsung, HW)
· 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 Samsung [7]
· DMRS group is indicated dynamically; UE is implicitly indicated the corresponding QCL RS.
Proposal: TBD

UL QCL
· 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. Samsung [7],
· [bookmark: _Toc477972996][bookmark: _Toc481598491][bookmark: _Toc481598531][bookmark: _Toc481598584][bookmark: _Toc481598801][bookmark: _Toc481598829][bookmark: _Toc481740565][bookmark: _Toc481740637]In UL transmission scheme B, a DL indication defines which CSI-RS is reciprocally and spatially QCL with the scheduled PUSCH and PUCCH DMRS. Ericsson [10]

Proposal: TBD

References
[1] [bookmark: _Ref458614461]3GPP, RAN1#88, Chairman’s Notes
[2] R1-1706940,	“Details of QCL assumptions and related RS design considerations”,	Huawei, HiSilicon
[3] R1-1707134,	“QCL/QCB design for UL and DL MIMO”, ZTE
[4] R1-1707369,	“On QCL for NR”, Intel Corporation
[5] R1-1707491,	“Discussion on QCL for NR”, CATT
[6] R1-1707619,	“Discussion on QCL for NR”, LG Electronics
[7] R1-1707979,	“On QCL for NR”, Samsung
[8] R1-1708344,	“On QCL assumption for NR”, InterDigital, Inc.
[9] R1-1708601,	“Discussion on QCL”, Qualcomm Incorporated
[10] R1-1708710,	“On QCL”, Ericsson
[11] R1-1708929,	“On QCL Framework and Configurations in NR”, Nokia, Alcatel-Lucent Shanghai Bell
[12] R1-1708134, “DL beam management”, Huawei, HiSilicon
[13] R1-1708906, “BPL definition and Spatial QCL time indication”, Nokia, Alcatel-Lucent Shanghai Bell
[14] R1-1707355, “Details for DL Beam Management”, Intel Corporation
[15] R1-1707795, “Summary of [88b-12] email discussion on QCL types for NR”, ZTE

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

	Huawei (R1-1706940)



Proposal 1: Support spatial parameters at transmitter side of UE in NR.
Proposal 2: For new spatial parameter, if it is proposed to measure and feedback its value, its detailed assumption and usage should be specified with measurement feasibility and complexity also taken into consideration.
Proposal 3: Support spatial QCL indication across different CC for NR to simplify the beam procedure.
Proposal 4: Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel.
Proposal 5: Support high-layer signalling for QCL indication of DMRS for UE specific control channel.
Proposal 6: Support three basic QCL types with parameter subsets {average gain}, {average delay, delay spread, Doppler shift, Doppler spread} and {spatial channel properties} based on the main application cases {RRM management, frequency/timing offset estimation and beam management}.

	ZTE (R1-1707134)



Proposal 1: Angle of arrival should be captured in the QCL parameters set to describe the spatial channel properties of the RS antenna ports observed at the receiver.
Proposal 2: UE-assisted QCL association w.r.t. at least the spatial QCL parameter is supported by UE feedback.
Proposal 3: The approach as proposed in alt 1 should be supported in NR for the gNB to configure QCL parameters among RSs.
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.

	Intel (R1-1707369)



Proposal:
· Consider the following QCL assumptions for antenna port of SS block
· 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
Proposal:
· 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) 
Proposal:
· 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) 
Proposal:
· 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)
	CATT (R1-1707491)



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
	Rx beam
	- Among DMRS ports  within the same CC
- Among CSI-RS ports within the same CC 
- Between DMRS ports and CSI-RS ports within the same CC
	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 for PBCH  within the same CC
- 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 a bunch of bundled time units could be assumed to be QCL-ed at UE.

	LGE (R1-1707619)



Proposal 1: To support reasonable UE complexity in RX beam searching, CSI-RS related configuration via RRC or MAC should be able to include QCL indication to a SS block index at least w.r.t. spatial QCL parameter(s), where the UE can assume Power Angle-of-arrival Profile (PAP) from the CSI-RS is a subset of PAP observed from the transmitted signals within the SS block.
Proposal 2: In order to support reasonable UE complexity in RX beam searching, CSI-RS for beam management needs to be configured with proper QCL linkage to an SS block w.r.t. at least spatial QCL parameter.

	Samsung (R1-1707979)



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. 
· The unit resource size 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 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 (R1-1708344)



Proposal-1: QCL types are predefined and QCL association between DL reference signals is indicated semi-statically or dynamically
Proposal-2: QCI types for demodulation with/without beam management are defined
Proposal-3: a QCI type for QCL association between CSI-RS resources in different panel is supported

	Qualcomm (R1-1708601)



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. 

	Ericsson (R1-1708710)



Proposal 1	Spatial QCL is defined as corresponding to spatial channel correlation
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	Decide on the RS to use for fine time and frequency tracking before agreeing further on the QCL framework.
Proposal 4	The default assumption is that QCL assumptions are independent per component carrier.
Proposal 5	Support the dynamic indication in DCI of  spatial QCL assumptions between CSI-RS resources when triggering a CSI-RS measurement for beam management.
Proposal 6	Support reciprocal spatial QCL at the UE between the reception of a SS block or a CSI-RS resource and a transmitted signal such as an SRS resource, PUCCH or PUSCH.
Proposal 7	In UL transmission scheme B, a DL indication defines which CSI-RS is reciprocally and spatially QCL with the scheduled PUSCH and PUCCH DMRS.
Proposal 8	Support suppression of uplink interference towards victim gNB using precoded transmitted signals from the UE, by defining that the transmission is not reciprocally spatially QCL with the reception of a CSI-RS resource transmitted from a victim TRP or gNB
	Nokia (R1-1708929)



Proposals: 
· Consider an implicit or explicit signalling option for spatial QCL between the SSblock and the CSI-RS.
· 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.
· NR definition of QCL comprises of higher layer signalling (RRC) and dynamic signalling (DCI).
· Utilize the generic term of ‘Spatial parameter’ by this understanding that same or different spatial filtering has been applied between transmitted ports. 
· Performance requirements are going to test the grouping principle and the consistency in using spatial filtering between two transmission instances signalled as spatial QCLed.
· Spatial QCL information can be different between CCs and needs to be signalled to the UE.
· Spatial QCL needs to contain indication of UE spatial filtering assumptions (such as narrow or wide beam usage.)
	Summary of [88b-12] email discussion on QCL types for NR, ZTE (R1-1707795)



Summary of views on QCL types for NR is listed in Table 1. This table can be used for discussion in RAN1#89 meeting.  These are common QCL types discussed:
· Type 1: {Spatial parameter}
· Type 2: {Average gain}
· Type 3: {Doppler spread, Doppler shift, Delay spread, average delay, average gain} with/without {spatial parameter}
· Type 4: {Doppler spread, Doppler shift, Delay spread, average delay} with/without {spatial parameter}
· Type 5: {Doppler shift, average delay} with/ without {spatial parameter}
· Type 6: {Doppler spread, Doppler shift} with/ without {spatial parameter}
Additionally, potential QCL assumptions of RS pairs are summarized in Table 2. It can be found that more than one QCL assumption is associated for some RS pairs (e.g., CSI-RS and CSI-RS, CSI-RS and DMRS) due to various considerations (e.g., RS with multiple functionalities, RS belong one group or different group, etc).  
Table 2 Potential QCL assumptions of RS pairs
	RS\RS
	SS(PSS/SSS)
	CSI-RS
	PTRS
	DL DM-RS
	SRS
	UL DM-RS

	SS(PSS/SSS)
	Type {5}
	Type {1}{4}{5}{6}
	
	Type {1}{4}{5}
	
	

	CSI-RS
	Type {1}{4}{5}{6}
	Type {1}{2}{3}{4}{6}
	
	Type {1}{3}{4}{6}
	Type {1}
	

	PTRS
	
	
	
	Type {1}{2}{3}{6}
	
	

	DL DM-RS
	Type {1}{4}{5}
	Type {1}{3}{4}{6}
	Type {1}{2}{3}{6}
	Type {1}{2}{3}
	
	

	SRS
	
	Type {1}
	
	
	Type {1}
	Type {1}

	UL DM-RS
	
	
	
	
	Type {1}
	Type {1}{2}{3}

	Notes:
· Type 1: {Spatial parameter}
· Type 2: {Average gain}
· Type 3: {Doppler spread, Doppler shift, Delay spread, average delay, average gain} with/without {spatial parameter}
· Type 4: {Doppler spread, Doppler shift, Delay spread, average delay} with/without {spatial parameter}
· Type 5: {Doppler shift, average delay} with/ without {spatial parameter}
· Type 6: {Doppler spread, Doppler shift} with/ without {spatial parameter}


It was discussed on how QCL assumption is defined/indicated (e.g. Hardcoded in the specification, higher layer configuration, combination of higher layer configuration and DCI, in RRM/RAN4 testing).   Examples are listed under each alternative.
Alt. 1: Which of the subset of QCL parameters are configured by gNB
e.g. the subset of QCL parameters for QCL association on each RS pair can be configured by gNB.
Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined 
e.g. Joint configuration of QCL assumptions on RS pairs according to the configured QCL type (like QCL Type A and Type B in LTE), individual configuration of QCL Type on each RS pair
Alt. 3: QCL types are pre-defined 
e.g. hardcoded in the spec, RRM/RAN4 testing

