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Introduction
In RAN1#88bis meeting a total of 12 contributions [2-13], 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 Parameters
2. QCL types 
3. QCL assumptions related to Component Carriers (CC)
4. QCL Assumptions for different DL and UL RS and Channels
5. QCL Indication/Signaling Aspects 
Furthermore, the following four different WFs have submitted to the reflector related to this agenda item:
· WF on QCL for CSI-RS ports /Samsung
· WF on QCL assumption in NR /Huawei, HiSilicon
· WF on indication for QCL assumption /ZTE, ZTE Microelectronics
· WF on QCL for CSI-RS (R1-1706447) /LG 

QCL Parameters
Based on the submitted contributions the following summary have been made on QCL parameters:
· Support leveraging of spatial QCL: Qualcomm [8], ZTE [11], Nokia [13]. The following spatial domain parameters have been considered:
· At UE side, e.g., mean AoA/ZoA and/or ASA/ZSA and/or angle of arrival: Qualcomm [8], ZTE [11], Nokia [13]
· At gNB side: e.g., angle of departure, spatial correlation of transmitter antenna: Nokia [13]
· UE feedback of information related to the new spatial QCL parameter is proposed: ZTE [11]
· 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: Huawei[5].
· Support of leveraging reciprocal spatial QCL at a node: Ericsson [4]  
· At a node, where a transmitted signal received at a node and a transmitted signal from the same node, are spatially QCL Ericsson [4]
From the Reno meeting we have the following agreement
	Working assumption:
· Spatial parameter(s) for QCL in NR describes the spatial channel properties of the RS antenna ports observed at the receiver.
· FFS: Spatial parameter(s) in NR also describes the spatial channel properties of the antenna ports at transmitter(s).
· Support UE reporting for related information, if necessary.




Proposal: confirm the working assumption that the spatial parameters for QCL in NR describe the spatial channel properties of the RS antenna ports observed at the receiver:  ZTE, ZTE Microelectronics. 

FFS: 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, 
FFS: Need for reciprocal spatial QCL at a node, where node can be gNB or UE

Proposal: Have an e-mail discussion until the next meeting to collect inputs of QCL types in the table below
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An example can be referred as following
	Types of QCL 
parameter set
	QCL parameters 
	Example pairs of RSs /RS resources 
	Application case 

	Type 1 
	delay spread, Doppler spread, Doppler shift, and average delay 
	RS for fine F/T tracking
	DMRS
	
Demodulation 

	Type 2 
	UE side spatial parameters 
	CSI-RS 
	CSI-RS 
	Beam management 

	Type 3 
	Average gain 
	CSI-RS 
	CSI-RS 
	RRM 

	
	
	
	
	

	
	
	
	
	




QCL Types 
During the previous RAN1#88 meeting, the following agreement was done:
	· Indication of QCL assumption associated with subset of QCL parameters between the antenna ports of two RS resources is supported based on following alternatives, and RAN1 will down select it
· Alt. 1: Which of the subset of QCL parameters are configured by gNB
· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined
· Alt. 3: QCL types are pre-defined



Based on the submitted contributions and their proposals listed in Appendix, the following summary have been made on QCL types:
· Different QCL types and their association to RSs and/or physical channels need to be defined in the specification according their functionalities: CATT [2], Huawei [5],Qualcomm [8], Nokia [13] 
· E,g. beam management, frequency/timing offset estimation, RRM management, etc.
· Different QCL type proposals from the following companies
· 3 different types, Huawei [5]
· 3 different types, Nokia [13]
· The subset of QCL parameters among RS are configured by gNB needs to be supported: ZTE[11]
· RAN1 to clarify what is the term “QCL type”: Ericsson [3]

Proposals: 
· Select Alternative 2: QCL type is configured by gNB where multiple QCL types are pre-defined
· FFS: The subset of QCL parameters among RS are configured by gNB needs to be supported
WFs
· WF on Indication for QCL assumptions / ZTE, ZTE Microelectronics
· Configurable QCL assumption associated with subset of QCL parameters between antenna ports of two RS resources should be supported in NR
· At least, the following methods to determine the subset of QCL parameters can be considered:
· Configured by gNB based on UE feedback, TXRU virtualization
· Predefined subset according to typical functionalities, e.g.,
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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 QCL assumptions for different CC:
· Consider establishment of independent QCL assumptions between antenna ports of reference signals/channels on different CC for each CC: Ericsson [3], Nokia [13], CATT [2]
· Beam management: E.g. spatial QCL
· Consider establishing of QCL assumptions between antenna ports of reference signals on different CC:  Intel[6]
· Beam management: E.g spatial QCL (e.g. mean angle-of-arrival and angle-of-arrival spread)
· Synchronization: E.g. time and frequency QCL parameters of the channel (e.g. average delay, delay spread Doppler shift and Doppler offset)
·  RRM measurement: to power QCL parameters of the channel (e.g. average gain)
· Consider establishing of QCL assumptions between antenna ports of reference signals on different CC based on UE’s feedback:  ZTE [11]
· Beam management: E.g. spatial QCL

In RAN1#88 meeting it has been also decided:
	· By default (i.e., the UE is not indicated), antenna port(s) transmitted on different CCs can’t be assumed to be QCL-ed 
· FFS the case of spatial domain QCL assumptions especially related to carrier frequency



Observation: The ways to use QCL assumptions between different component carriers seem to differentiate clearly between two different camps, i.e. independent QCL assumptions (Ericsson, Nokia) and dependent QCL assumptions (Intel).  

Proposals:
· FFS: using independent QCL assumption between CCs 
· FFS: for BM: QCL between APs of RS transmitted on different CCs w.r.t spatial QCL parameters.
· FFS: for Sync procedure: QCL between APs of RS transmitted on different CCs w.r.t time and frequency QCL parameters of the channel
· FFS: for RRM: QCL between APs of RS transmitted on different CCs w.r.t power QCL parameters.

QCL Assumptions for Different DL and UL RSs and Channels 
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: 
· To reduce UE computational complexity related to RX beam training, QCL association between SS-block and CSI-RS/ DMRS (PDCCH need to be supported. Ericsson [4], LG[7]
· CSI-RS: QCL linkage to an SS block w.r.t. at least spatial QCL parameter [7]
· DMRS(PDCCH): PDCCH DMRS is spatial QCL with the detected SS [4]
· QCL association is needed between different RSs and channels for DL and UL ports: Ericsson [4], ZTE [12]
· E.g. quality of beam correspondence/channel reciprocity ZTE [12]
· E.g. Reciprocal spatial QCL at the UE between the reception of a CSI-RS resource and a transmitted signal such as an SRS resource, PUCCH or PUSCH [4].
· E.g CSI-RS is reciprocally and spatially QCL with the scheduled PUSCH and PUCCH DMRS: Ericsson [4]
· QCL assumptions related to PDSCH Samsung [9]
· For PDSCH reception, UE may be configured with multiple RS resource(s) that are QCL’ed for different subsets of QCL parameters: Samsung [9] 
·  E.g. 	The subset may correspond to {delay and gain parameters}, {Doppler parameters}, and {spatial parameters}; or {delay, gain and spatial parameters} and {Doppler parameters}.
· QCL assumptions related to DMRS: Ericsson [4],Huawei [5],Samsung [9] 
· Partitioning of DMRS antenna ports into two groups which are not QCL:ed with each other: Samsung[9]
· DMRS belonging to different PDSCH scheduling in the same slot are by default not QCL: Ericsson [4]
· DMRS within one CDM group should be assumed QCLed, Huawei [5]
· QCL assumptions related to CSI-RS: Samsung [4]
· UE may assume that all the antenna ports within a CSI-RS set are QCL’ed in Doppler parameters: Samsung [4]. 

Proposals: 
· NR supports QCL association between SS-block and CSI-RS for spatial QCL parameters/ DMRS (PDCCH) R1-1706447 WF on QCL for CSI-RS LG, …
· DMRS belonging to different PDSCH scheduling in the same slot are by default not QCL: Ericsson [4]
· With explicit or implicit indication, DMRS ports on a bunch of bundled time units could be assumed to be QCL-ed at UE
· UE may assume that all the antenna ports within a CSI-RS set are QCL’ed in Doppler parameters

WFs
· WF on QCL for CSI-RS ports /Samsung
· 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. 
· [bookmark: _GoBack]The unit resource size can be configured among (1) a single port; (2) a CSI-RS resource; and (3) a CSI-RS set. 
· WF on QCL for CSI-RS ports (R1-1706447) /LG
· NR supports the indication of QCL assumptions between CSI-RS and SS block (e.g., SSS, PBCH DMRS (if defined)) for spatial QCL parameter(s)
· FFS: w.r.t. other QCL parameter(s)
· WF on QCL Assumption in NR /Huawei, HiSilicon
· Support to configure DMRS port grouping by RRC signalling for QCL indication
· DMRS ports within one CDM group should be assumed QCLed
· Support high-layer signalling for QCL indication of DMRS for control channel
· Support at least three predefined QCL parameters subsets{Spatial parameters}, {Doppler spread, Doppler shift, average delay, delay spread}, {average gain} corresponding to specific functionalities respectively: beam management, frequency/time offset estimation, RRM management. 
· Define one QCL type corresponds to one parameter subset, etc,
· Which QCL type is configured through higher layer signalling, etc.

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 aspects: 
· Indication of QCL assumptions for DL and UL comprises of higher layer (RRC/MAC) and dynamic L1 based signaling: Ericsson[3], ZTE[11], Nokia [13]
· E.g. dynamic indication in DCI of spatial assumption between CSI-RS resources Ericsson [3]
· E.g. DL signalling (e.g., RRC/MAC CE or DCI), should be considered to indicate the suitable QCL assumption to RSs: ZTE [11]
· E.g. NR definition of QCL comprises of higher layer signalling (RRC) and dynamic signalling (DCI): Nokia [13]
· E.g. a DL indication defines which CSI-RS is reciprocally and spatially QCL with the scheduled PUSCH and PUCCH DMRS. This signaling is at least included in the DCI carrying the UL grant: Ericsson [4]
· E.g. Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel: Huawei [5]
· E.g. The QCL RS for each DMRS group can be configured in RRC. DMRS group is indicated dynamically; UE is implicitly indicated the corresponding QCL : Samsung [9]
· Signaling from UE to TRP to indicate if two antenna ports can be assumed to be QCLed: Qualcomm [8]

Observation: It is worth noting that there is also related discussion on QCL indication in AI 8.1.2.2.1 (beam management). 

Proposal: TBD
· QCL signaling is formed by higher layer signaling, i.e. RRC/MAC and dynamic L1 based signaling (similar to LTE).
· For RAN1#89, list the QCL types and the needed signaling components 
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Appendix – Proposals
Proposals from different companies related to this topic are listed in the following:
QCL Parameters
· Ericsson [4]:
· Proposal 1 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 spatially QCL.
· Proposal 2 Support reciprocal spatial QCL at the UE between the reception of a CSI-RS resource and a transmitted signal such as an SRS resource, PUCCH or PUSCH.
· Huawei [5]
· Proposal 4: 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.
· Qualcomm [8]:
· Proposal 1:  For antenna ports associated with different beamformed RS, the large-scale parameters of the channel on QCLed antenna ports shall include angular domain parameters at the departure, e.g., mean AoD/ZoD and/or ASD/ZSD.
· Proposal 2:  When RX beamforming is used, the large-scale parameters of the channel on QCLed antenna ports shall include angular domain parameters at the arrival, e.g., mean AoA/ZoA and/or ASA/ZSA.
· .ZTE [11]
· 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.
· Nokia [13]:
· Proposal: Support utilization of both gNB and UE-side partial QCL information for Tx beam grouping (e.g., angle of departure, spatial correlation of transmitter antenna, angle of arrival, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.)


QCL Types 
· CATT [2]: Proposal 1: QCL parameters could be grouped according to the functionalities, e.g., beam management, channel estimation, demodulation, phase tracking, RRM measurement, and so forth.
· Ericsson [3]: Proposal 3 RAN1 should define the term “QCL type” in the agreement from RAN1#88
· Huawei [5]: Proposal 6: Support three basic QCL types based on Beam management, Frequency/timing offset estimation and RRM management functionality, and use independent bits in DCI for QCL indication for different QCL types
· Qualcomm[8]: Proposal 4: Predefine a list of QCL types.  Each QCL type is associated with a subset of QCL parameters and at least one pair of RS types. Each QCL type can be further associated with at least one physical DL channel and/or at least one transmission scheme.  A UE may assume the antenna ports are quasi co-located with respect to the parameters associated with the corresponding QCL type.
· Nokia [13]: Proposal: define QCL types in the specification
· ZTE [11]: The approach as proposed in alt 1 should be supported in NR for the gNB to configure QCL parameters among RSs.
QCL Assumptions Related to Component Carriers (CC)

· Ericsson [3]: Proposal 4 Beam management and thus QCL assumptions should be possible to operate independently per component carrier.
· Intel [6]:
· 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)
· Nokia [13]:
· Proposal: spatial QCL information can be different between CCs and needs to be signalled to the UE.


QCL Assumptions for Different DL and UL RSs and Channels

· Ericsson [3]: 
· Proposal 5 The UE may assume by default that the PDCCH DMRS is spatial QCL with the detected SS block
· LG [7]:
· 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.
· ZTE [12]: 
· Proposal 1: QCL/QCB association between DL and UL ports should be supported to indicate the quality of beam correspondence/channel reciprocity.
· Ericsson [4]:
· Proposal 2 Support reciprocal spatial QCL at the UE between the reception of a CSI-RS resource and a transmitted signal such as an SRS resource, PUCCH or PUSCH.
· Proposal 3 In UL transmission scheme B, a DL indication defines which CSI-RS is reciprocally and spatially QCL with the scheduled PUSCH and PUCCH DMRS. This signaling is at least included in the DCI carrying the UL grant.
· 
· Ericsson [3]
· Proposal 1 DMRS belonging to different PDSCH scheduling in the same slot are by default not QCL hence the DMRS in one PDSCH is the first group and DMRS in the other PDSCH is the second group
· Proposal 2 Postpone the discussion on non-QCL DMRS within one PDSCH after CSI feedback discussion (groups vs sets) has settled
· Huawei [5]
· Proposal 1: DMRS ports within one CDM group should be assumed QCLed.
· CATT [2]: 
· Proposal 2: 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 3: with explicit or implicit indication, DMRS ports on a bunch of bundled time units could be assumed to be QCL-ed at UE
· Samsung [9]:
· Proposal 3: 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.
· Samsung[9]: 
· Proposal 1: 
· A cell-specifically configured RS can be used for estimation of delay/Doppler/gain parameters and also for fine time-frequency tracking. 
· UE may be indicated that the cell-specifically configured RS is QCL’ed with a CSI-RS resource in spatial parameters. 
· For PDSCH reception, UE may be configured with multiple RS resource(s) that are QCL’ed for different subsets of QCL parameters. 
· The subset may correspond to {delay and gain parameters}, {Doppler parameters}, and {spatial parameters}; or {delay, gain and spatial parameters} and {Doppler parameters}.
· For Doppler parameters, periodic/semi-persistent RS can be configured.
· For delay parameters, a wideband RS can be configured
· Proposal 4: The following CSI-RS related QCL assumptions and configurations should be adopted:
· UE may assume that all the antenna ports within a CSI-RS set are QCL’ed in Doppler parameters. 
· UE may assume that all the antenna ports within a “unit resource” are QCL’ed in delay, gain and spatial parameters; on the other hand, UE may not assume that the antenna ports across different unit resources are QCL’ed in these parameters. The unit resource size can be configured among (1) a single port; (2) a CSI-RS resource; and (3) a CSI-RS set.

QCL Indication Aspects
· DL signaling
· Ericsson [3]:
·  Proposal 6:  Support the dynamic indication in DCI of spatial QCL assumptions between CSI-RS resources when triggering a CSI-RS measurement for beam management.
· ZTE [11]:
· Proposal 2: The approach as proposed in alt 1 should be supported in NR for the gNB to configure QCL parameters among RSs.
· Proposal 3: DL signalling (e.g., RRC/MAC CE or DCI), should be considered to indicate the suitable QCL assumption to RSs.
· Proposal 4: Multiple stages configuration of QCL among RS should be supported in NR.
· The QCL RS for each DMRS group can be configured in RRC
· Nokia [13]:
· Proposal: NR definition of QCL comprises of higher layer signalling (RRC) and dynamic signalling (DCI).
· 
· UL Signaling
· Ericsson [4]:
· Proposal 3 In UL transmission scheme B, a DL indication defines which CSI-RS is reciprocally and spatially QCL with the scheduled PUSCH and PUCCH DMRS. This signaling is at least included in the DCI carrying the UL grant.
· Samsung [10]:  Proposal 1: It is FFS whether Alt1 or Alt2 should be used in the uplink QCL procedure
· ZTE [12]: 
· Proposal 2: Unified QCL/QCB design, e.g., multiple-stages configuration, for both DL/UL should be supported in NR.
· UL and DL related signaling:
· Huawei [5] :
· Proposal 2: Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel.
· Proposal 3: Support high-layer signalling for QCL indication of DMRS for control channel.
· Qualcomm [8]:
· Proposal 3:  Support signaling from UE to TRP to indicate that if two antenna ports can be assumed to be QCLed.
· Samsung [9]
· Proposal 1:
· 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 2: For TRP beam reporting and indication, at least the following IDs are supported:
· Beam/resource IDs corresponding to cell-specific CSI-RS
· IDs constructed with Alt 1: RS resource index; Alt 2: a combination of {RS port index, RS resource index, RS set index, RS setting index}. Exact combinations FFS
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