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1. Introduction

In RAN1#90bis, the following conclusions and agreements on QCL have been reached [1]:
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


Working Assumption

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

Based on the agreements and working assumption listed above, we discuss the remaining issues left open for QCL in NR in more details and present our consideration on QCL framework extension. 
2. Discussion on QCL for NR
1) QCL assumptions
For above 6GHz, to compensate severe propagation loss and ensure necessary coverage, all the physical channels and signals are expected to be transmitted with higher-gain beams. If so, TRS, can be assumed to be QCL-ed with SS block w.r.t. Doppler shift, average delay, spatial Rx parameters. Similar to TRS, coarse channel characteristics, i.e., Doppler shift and average delay, can be obtained from the SSB for CSI-RS for channel estimation. Before TRS configuration, it’s a natural choice to use SSB as a QCL reference for DMRS of both PDCCH and PDSCH to acquire parameters of average delay, Doppler shift, delay spread, Doppler spread as well as spatial Rx properties. 
At least for 15KHz subcarrier spacing, the frequency density of CSI-RS is high enough to perform delay spread estimation. However, due to the insufficient density in time domain, CSI-RS might not be accurate enough for estimating Doppler spread. As an alternative, TRS can be used for more accurate estimation of time-domain channel properties, i.e., Doppler spread. Furthermore, for PDCCH and PDSCH demodulations, DMRS can be assumed to be QCL-ed with CSI-RS w.r.t. {Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters}.
Based on the working assumption from the last meeting, we have the following proposal:

Proposal 1: 
After RRC for above 6 GHz

· SSB ( TRS 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
· TRS ( CSI-RS for BM: Doppler spread

· TRS ( CSI-RS for CSI: Doppler spread

· 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

2) QCL configuration and indication
Similar to LTE QCL typeB, the following QCL singalling mechanism can be used:

· CSI-RS is higher-layer configured to be QCL-ed with a TRS

· Then, a set of CSI-RS resources that can be potentially assumed to be QCL-ed with a DMRS QCL group is configured by higher-layer signaling
· For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding CSI-RS port(s) within the above-mentioned set of CSI-RS.
Proposal 2: Similar to LTE QCL typeB, the following QCL singalling mechanism is supported:

· CSI-RS is higher-layer configured to be QCL-ed with a TRS

· Then, a set of CSI-RS resources that can be potentially assumed to be QCL-ed with a DMRS QCL group is configured by higher-layer signaling

· For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding CSI-RS port(s) within the above-mentioned set of CSI-RS

3. Conclusions
In this contribution, we discussed the extension of spatial QCL parameter(s) for DL of NR. Based on the discussion above, we propose:
Proposal 1: 
After RRC for above 6 GHz

· SSB ( TRS 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
· TRS ( CSI-RS for BM: Doppler spread

· TRS ( CSI-RS for CSI: Doppler spread

· 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

Proposal 2: Similar to LTE QCL typeB, the following QCL singalling mechanism is supported:

· CSI-RS is higher-layer configured to be QCL-ed with a TRS

· Then, a set of CSI-RS resources that can be potentially assumed to be QCL-ed with a DMRS QCL group is configured by higher-layer signaling

· For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding CSI-RS port(s) within the above-mentioned set of CSI-RS
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