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1. Introduction
In the 3GPP RAN1 NR Ad hoc #2 and #89 meetings, the following agreements were achieved regarding QCL [1]:
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
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

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)

In this contribution, QCL related issues are further discussed.
2. Discussion of Use Cases
The following use cases for QCL indication should be discussed for the definition of QCL types and the relationship between different types of RS. 
· RRM and RLM
· UE may be configured to receive CSI-RS or SS-block signals in RRM and RLM procedures. QCL information may need to be indicated to UE for efficient measurement and reception. For example, UE does not need to have a full beam sweep and thus reduce the need for larger overhead of resources.
· DL Beam Management and CSI Acquisition
· Multi-level beam management is typically envisioned to save overhead and increase beam training efficiency. Coarse beam information is needed to be indicated to UE for next level beam training;
· DL control channel reception: beam alignment and channel estimation
· Currently, UE needs to receive multi-beam PDCCH. At least beam alignment information should be indicated to UE. For the channel estimation, it still needs some further discussion whether such information is needed. 
· DL data receptions: beam alignment
· For DL data reception, beam information is also needed to adjust its receive beam to the right direction.
· DL data receptions: channel estimation
· At least for the scenarios of multiple TRP, UE may need additional information/signal to estimate average delay/delay spread/frequency offset/Doppler spread.
· UL beam management

· In the procedure of UL beam management, UE is indicated with the beam used in previous steps.
· UL data transmission: 
· For the transmission, UE needs information from network about which beam to use.
·  TRS tracking:
· For TRS tracking, spatial information may need to be indicated to UE;

QCL types definition should consider all above use cases.

Proposal 1: 

· Consider the following use cases for QCL type definition

· RRM and RLM

· DL beam management

· DL control channel reception

· DL data channel reception

· UL beam management

· UL data and control transmission

· TRS reception

3. QCL relationship between different RS
The considered RS signals include the following:
· SS-Block

· CSI-RS

· TRS

· DL control DMRS

· DL data DMRS

· PTRS

· SRS

· UL-DMRS

For the QCL relationship between different RS, we list in the following table about the use cases and possible QCL types.

	
	SS-Block
	CSI-RS
	TRS
	DL Control DMRS
	DL Data DMRS
	PTRS
	SRS
	UL-DMRS

	SS-Block
	RRM and RLM

QCLed with {spatial Rx parameters}
	RRM and RLM

DL Beam management

At least QCLed with {spatial Rx parameters}
FFS

{average delay, FFS delay spread, Doppler shift, FFS Doppler spread}
	TRS reception

{spatial parameters}
	Control  reception

{average delay, delay spread, Doppler shift, Doppler spread, spatial parameter}
	Data reception

FFS whether need the following before TRS

{average delay, delay spread, Doppler shift, Doppler spread}
	——
	UL beam management

DL/UL association with some of the spatial parameters 
	Data transmission

FFS:

DL/UL association with some of the spatial parameters

	CSI-RS
	Mutual
	DL Beam management

{spatial Rx parameters} 
	TRS reception

Beam Management and CSI Acquisition

RRM and RLM

{average delay, delay spread, Doppler shift, Doppler spread}
{Spatial parameters}
	Control reception

{average delay, delay spread, Doppler shift, Doppler spread, spatial parameter}


	Data reception

{average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}

	——
	UL beam management

DL/UL association with some of the spatial parameters
	Data transmission

FFS:

DL/UL association with some of the spatial parameters

	TRS
	Mutual
	Mutual
	——

	{average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}


	{average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}

	——
	——
	——

	DL Control DMRS
	Mutual
	Mutual
	Mutual
	——
	FFS

{Spatial parameter} to reduce indication overhead
	——
	——
	UL control transmission

FFS:

DL/UL association with some of the spatial parameters

	DL Data DMRS
	Mutual
	Mutual
	Mutual
	Mutual
	——
	Data reception

{average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters}  {Doppler spread, Doppler shift}  


	——
	——

	PTRS
	——
	——
	——
	——
	Mutual
	——
	——
	——

	SRS
	Mutual
	Mutual
	——
	——
	——
	——
	UL beam management or CSI acquisition

{spatial parameters}
	UL data transmission

At least with {spatial parameters}

	UL-DMRS
	Mutual
	Mutual
	——
	Mutual
	——
	——
	Mutual
	——


Besides the agreed part, there are the following cases that need to be addressed:
· SS-Block could be QCL-ed with another SS-Block for the purpose of RRM and RLM. UE may be indicated with some beam information to measure corresponding link level SINR, or perform neighbor cell measurement. This could reduce the corresponding measurement overhead.
· For the initially configured CSI-RS, especially when there is no configured TRS, the corresponding information is needed for more accurate estimate of CSI. It should be possible for the SS-Block to be QCLed with the CSI-RS w.r.t. { average delay, FFS delay spread, Doppler shift, FFS Doppler spread}

· SS-Block QCLed with DL control DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial parameter}.  This is useful at least before the configuration of TRS.
· SS-Block QCLed with DL data DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial parameters}. This is at least useful for the reception of broadcast signals, especially in idle mode.
· SS-Block QCLed with TRS w.r.t. {spatial parameters}. It has been agreed to support SSB only for beam management. Thus SSB should be possible to indicate the corresponding TRS spatial parameters.
· CSI-RS QCLed with TRS w.r.t. {spatial parameters}. TRS may be configured for time and frequency tracking, their spatial information is needed to adjust the rx beam.

· CSI-RS QCLed with DL control DMRS w.r.t. {average delay, delay spread, FFS Doppler shift, FFS Doppler spread, spatial parameter}. This is useful for the reception of DL control DMRS when the beam management procedure is based on CSI-RS. Due to the limited capability of CSI-RS in estimation of Doppler spread and Doppler shift, it needs some further study whether these parameters should be QCLed.
· CSI-RS QCLed with DL data DMRS w.r.t. {average delay, delay spread, FFS Doppler shift,  FFS Doppler spread, spatial parameter}. Reasons are the same as in the above.
· TRS QCLed with DL control DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}. The major reason to define TRS is for frequency and time tracking. But it could still be possible to use TRS to indicate some spatial parameters. 
· TRS QCLed with DL data DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}. The major reason to define TRS is for frequency and time tracking. But it could still be possible to use TRS to indicate some spatial parameters. 

DL/UL association and UL beam indication should also be put under the framework of QCL to simplify corresponding signaling design. The following QCL relationship should also be supported.

· UL DMRS QCLed with SRS with respect to {spatial parameters}

· SRS QCLed with SS-Block

· SRS QCLed with CSI-RS

· SRS QCLed with another SRS 
Proposal 2: 

· Support the following QCL relationship in addition to agreed ones

· SS-Block QCL-ed with another SS-Block w.r.t. {Spatial parameters}

· SS-Block QCL-ed with CSI-RS w.r.t. {average delay, FFS delay spread, Doppler shift, FFS Doppler spread} 
· SS-Block QCLed with DL control DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial parameter}
· SS-Block QCLed with DL data DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial parameters}

· SS-Block QCLed with TRS w.r.t. {spatial parameters}
· CSI-RS QCLed with TRS w.r.t. {spatial parameters}
· CSI-RS QCLed with DL control DMRS w.r.t. {average delay, delay spread, FFS Doppler shift, FFS Doppler spread, spatial parameter}.

· CSI-RS QCLed with DL data DMRS w.r.t. {average delay, delay spread, FFS Doppler shift,  FFS Doppler spread, spatial parameter}.

· TRS QCLed with DL control DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}.

· TRS QCLed with DL data DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}.
Proposal 3: 

· 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:

· 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 
4. QCL Signaling
Currently, QCL signaling has at least two levels. At the RRC level, one RS could be configured to be QCL-ed with a target RS. At DCI level, one N-bit indicator state in DCI could be associated to one or two RS sets. Typically, under the current configuration framework, SS-Block and CSI-RS would all be configured as resources for beam management. The configuration framework of QCL could also refer to the resource pool defined for beam management and CSI acquisition. 

Moreover, it is also possible for a RS to be QCLed with RS in another BWP or CC. The signaling design should also consider this.

Although the QCL relationship is mutual, i.e., if RS one is QCLed with RS two w.r.t. some parameters, RS two is also QCLed with RS one w.r.t. same parameters, under practical PHY layer procedures, it is not always necessary to support QCL relationship between any two RS. Corresponding signaling could also consider such restriction to reduce overhead. 
5. Conclusion

In this contribution, QCL related issues are discussed, and the following proposals are given:
Proposal 1: 

· Consider the following use cases for QCL type definition

· RRM and RLM

· DL beam management

· DL control channel reception

· DL data channel reception

· UL beam management

· UL data and control transmission

· TRS reception

Proposal 2: 

· Support the following QCL relationship in addition to agreed ones

· SS-Block QCL-ed with another SS-Block w.r.t. {Spatial parameters}

· SS-Block QCL-ed with CSI-RS w.r.t. {average delay, FFS delay spread, Doppler shift, FFS Doppler spread} 

· SS-Block QCLed with DL control DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial parameter}
· SS-Block QCLed with DL data DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial parameters}

· SS-Block QCLed with TRS w.r.t. {spatial parameters}

· CSI-RS QCLed with TRS w.r.t. {spatial parameters}

· CSI-RS QCLed with DL control DMRS w.r.t. {average delay, delay spread, FFS Doppler shift, FFS Doppler spread, spatial parameter}.

· CSI-RS QCLed with DL data DMRS w.r.t. {average delay, delay spread, FFS Doppler shift,  FFS Doppler spread, spatial parameter}.

· TRS QCLed with DL control DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}.

· TRS QCLed with DL data DMRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}.
Proposal 3: 

· 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:

· UL DMRS QCLed with SRS with respect to {spatial parameters}

· SRS QCLed with SS-Block

· SRS QCLed with CSI-RS

· SRS QCLed with another SRS 
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