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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation.
In this contribution we discuss about remaining details on QCL. QCL configurations related to DL and UL beam indication are discussed in [3]. 
RAN1#90bis made the following agreements and working assumption related to remaining details on QCL:
	Agreement:
QCL after RRC for below 6GHz
SSB  TRS: Doppler shift, average delay
Support type B

Agreement: 
SP CSI-RS is activated with RRC + MAC CE

Agreement: 
The following P/SP/AP CSI-RS signaling options are supported:
	QCL parameter
	Reference RS
	Target RS
	Signalling mode
	Reference RS and Target RS should belong to the same CC/BWP or not

	Spatial
	SSB
	P CSI-RS
	RRC

	Can be on different CCs/BWPs

	Spatial
	SSB
	SP CSI-RS
	SP CSI-RS activation signal 

	Can be on different CCs/BWPs

	Spatial
	P CSI-RS
	Another P CSI-RS
	RRC

	Can be on different CCs/BWPs

	Spatial
	SSB or P/SP CSI-RS
	AP CSI-RS
	RRC or RRC+MAC CE for configuration,
indication with DCI 
	Can be on different CCs/BWPs
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Working Assumption
[bookmark: _Hlk498706423]After RRC for above 6 GHz
· [bookmark: _Hlk495483134]SSB  [TRS - if is supported for above 6GHz] w.r.t average delay, Doppler shift, spatial RX parameters
· [bookmark: _Hlk495483078]SSB  CSI-RS for BM w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  CSI-RS for CSI w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  DMRS for PDCCH (before TRS is configured) w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· SSB  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDCCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· [bookmark: _Hlk495483523]CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, [spatial RX parameters]
· CSI-RS for BM  CSI-RS for CSI w.r.t. spatial RX parameters



2	Discussion
Based on RAN1#90bis, TRS is supported also at above 6 GHz. Thus, above 6 GHz after RRC the following should hold as well:
· SSB  TRS w.r.t average delay, Doppler shift, spatial RX parameters

Furthermore, we propose also to confirm the working assumption for above 6 GHz. 
[bookmark: _Hlk498708388]Proposal: Confirm working assumption related to QCL associations above 6 GHz:
After RRC for above 6 GHz
· SSB  [TRS - if is supported for above 6GHz] w.r.t average delay, Doppler shift, spatial RX parameters
· [bookmark: _Hlk498707100]SSB  CSI-RS for BM w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  CSI-RS for CSI w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  DMRS for PDCCH (before TRS is configured) w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· SSB  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDCCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, [spatial RX parameters]
· CSI-RS for BM  CSI-RS for CSI w.r.t. spatial RX parameters

Given the current working assumption proposed to be confirmed above, then it’s about to decide which parameters are supported in each association between a source and target RS. At above 6 GHz, different beamwidths may be used for SSBs than for CSI-RSs for BM and CSI-RSs for CSI. Beamforming effectively reduces the effective delay spread of a radio channel when angular spread at the node performing spatial domain filtering is large. Thus, the impact due to beamforming is different in non-line-of-sight (NLoS) and line-of-sight (LOS) channels with strong dominant component (large K). I.e. in LOS channel applying narrow beams at both ends may not reduce the effective delay spread compared to using widebeams whereas in rich scattering NLoS channel the narrow beam utilization at both ends may significantly reduce the effective delay spread. Thus, it can be noted that in general it may not hold that widebeam RS and narrow beam RS would be able to be QCLed with respect to delay spread. 

In general, similar applies to doppler spread: reduction in angular spread due to beamforming reduces also doppler spread. Thus, we consider widebeam RS and narrow beam RS cannot be tightly QCL associated with respect to delay spread and doppler spread. As a consequence, average delay and doppler shift estimation results could also be different when measured from widebeam RS and narrow beam RS. 

Observation: Widebeam RS and narrow beam RS cannot be tightly QCL associated with respect to average delay, delay spread and doppler spread.
Given above and that it’s not currently clear whether e.g. all RSs defined as source RSs in the working assumption can be used for doppler estimation except TRS, it would be feasible to define multiple types for the association that can be then configured between source RS and target RS e.g. as follows:
· [bookmark: _Hlk498708240]Type A: average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
· This could be applied at least for TRS as a source RS and for the case when target RS is transmitted using the same beam (“direction”, beamwidth) as the source TRS
· Type B: average delay, delay spread, spatial RX parameters
· This could be applied between a source RS like CSI-RS and DMRS when DMRS is transmitted using the same beam (“direction”, beamwidth) as the source CSI-RS
· Type C: spatial RX parameters
· This could be applied between a source RS like SSB and target RS like CSI-RS when the same beam (“direction”, beamwidth) is used for both or when CSI-RS is transmitted using narrow beam overlapping partially in spatial domain the beam used to transmit CSI-RS

Proposal: Define multiple QCL parameter groups that can be configured between source RS and target RS at above 6 GHz:
· Type A: average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
· Type B: average delay, delay spread, spatial RX parameters
· Type C: spatial RX parameters

[bookmark: _GoBack]3	Conclusion
This contribution discussed about remaining details on QCL. Based on discussion the following proposals and observations are made: 
Proposal: Confirm working assumption related to QCL associations above 6 GHz:
After RRC for above 6 GHz
· SSB  [TRS - if is supported for above 6GHz] w.r.t average delay, Doppler shift, spatial RX parameters
· SSB  CSI-RS for BM w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  CSI-RS for CSI w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  DMRS for PDCCH (before TRS is configured) w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· SSB  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDCCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, [spatial RX parameters]
· CSI-RS for BM  CSI-RS for CSI w.r.t. spatial RX parameters

Observation: Widebeam RS and narrow beam RS cannot be tightly QCL associated with respect to average delay, delay spread and doppler spread.
Proposal: Define multiple QCL parameter groups that can be configured between source RS and target RS at above 6 GHz:
· Type A: average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
· Type B: average delay, delay spread, spatial RX parameters
· Type C: spatial RX parameters
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