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Introduction
In RAN1#90 meeting, the following conclusions and agreements on QCL have been reached [1]:
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)
Based on the agreements listed above, we discuss the remaining issues left open for QCL in NR in more details and present our consideration on QCL framework extension. This contribution is revised from R1-1712387.
Discussion on QCL for NR
QCL parameter grouping
Large-scale properties of channel, including average gain, average delay, delay spread, Doppler shift, Doppler spread as well as spatial Rx parameters are adopted as QCL parameters for NR. For application cases such as beam management, channel estimation for demodulation and CSI reporting, the above QCL parameters can be grouped into several sets. For example, spatial Rx parameters are used for beam management. The average delay, delay spread, Doppler shift and Doppler spread are required for channel estimation for demodulation, which can be acquired based on the QCL assumption between DMRS and some other types of signals. For CSI reporting, QCL w.r.t. Doppler shift and Doppler spread are need for CSI-RS based measurement.
With large-scale antenna arrays at both transmitter and receiver side, the large-scale properties of channel seen from different ports depend not only on the geographic location of transmitter but also on the beamforming operations at both ends of the radio link. When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception and measurement can be indicated through spatial QCL to UE. To that end, for beam management purposes, spatial Rx parameters can be used to describe the QCL relationship between different types of RS ports. Example pairs of RSs are listed in Table 1.
[bookmark: OLE_LINK9][bookmark: OLE_LINK1]For data demodulation, UE need to acquire average delay, delay spread, Doppler shift and Doppler spread. It’s noted that, due to less accurate beamforming at DL Rx side, more than one Tx beams corresponding to different clusters, and thus may possess different channel properties regarding Doppler spread, Doppler shift, average delay, delay spread, might be paired with the same Rx beam. Consequently, even the antenna ports corresponding to the same Rx beam cannot be assumed to have the same delay and Doppler parameters in channel estimation and demodulation. 
In such case, UE cannot deduce the required channel properties for one DMRS port from other DMRS ports with the same Rx beam. For subcarrier spacing of 15KHz, the density of CSI-RS is high enough to perform delay spread estimation. However, due to the insufficient density in time domain, CSI-RS is not suitable for estimation of Doppler shift and Doppler spread. As an alternative, TRS or SS block can be used for accurate estimation of average delay, delay spread, Doppler shift and Doppler spread. 
Meanwhile the Doppler shift and Doppler spread can be obtained from SS and/or TRS for CSI-RS based CSI measurement and reporting. The delay properties can be acquired from CSI-RS itself.
Based on the discussion above, the following can be supported for single CC/BWP and single TRP: 
· Antenna port(s) of DMRS can be QCL-ed with antenna port(s) of other RS w.r.t. the following parameters:
· NZP CSI-RS w.r.t. {spatial Rx parameters} and/or {average delay, delay spread, Doppler shift, Doppler spread}
· TRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread}
· SS block w.r.t. {spatial Rx parameters} and/or {average delay, delay spread, Doppler shift, Doppler spread}
· Antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS w.r.t. the following parameters:
· NZP CSI-RS w.r.t. {spatial Rx parameters}
· TRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread}
· SS block w.r.t. {spatial Rx parameters} and/or {Doppler shift, Doppler spread}
For CSI reporting in unicast PDSCH, CSI-RS is configured (e.g., by higher-layer signaling) to be QCL-ed with one or more RS(s) w.r.t. the above parameter(s). For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding NZP CSI-RS port(s). 
For broadcast PDSCH and common PDCCH, QCL assumption between SS block (ref) and DMRS can be made. 
For UE-specific PDCCH, if TRS is configured, QCL assumption between TRS (ref) and DMRS can be made.
QCL across time-frequency resources
In NR, as the QCL relationship relies highly on beamforming operation, with possibly dynamic change in beamformer in both time and frequency domains, it’s not reasonable to assume that it holds over any ranges of time-frequency resource. For example, even the same analog beam could be used on different CCs, different equivalent beams can still be formed at base band for each CC respectively. In such case, without any explicit or implicit indication, antenna ports transmitted on different CCs can’t be assumed to be QCL-ed. 
For time domain, if time domain bundling is also supported, UE could make channel estimation jointly over a few of adjacent time units. What’s more, the same parameters regarding spatial property, delay and Doppler could be assumed at UE side for DMRS ports transmitted on those time-domain bundled time units. That is, with explicit or implicit indication, DMRS ports on a bunch of bundled time units could be assumed to be QCL-ed at UE. 
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:  The following can be supported for single CC/BWP and single TRP: 
· Antenna port(s) of DMRS can be QCL-ed with antenna port(s) of other RS w.r.t. the following parameters:
· NZP CSI-RS w.r.t. {spatial Rx parameters} and/or {average delay, delay spread, Doppler shift, Doppler spread}
· TRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread}
· SS block w.r.t. {spatial Rx parameters} and/or {average delay, delay spread, Doppler shift, Doppler spread}
· Antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS w.r.t. the following parameters:
· NZP CSI-RS w.r.t. {spatial Rx parameters}
· TRS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread}
· SS block w.r.t. {spatial Rx parameters} and/or {Doppler shift, Doppler spread}
For CSI reporting in unicast PDSCH, CSI-RS is configured (e.g., by higher-layer signaling) to be QCL-ed with one or more RS(s) w.r.t. the above parameter(s). For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding NZP CSI-RS port(s). 
For broadcast PDSCH and common PDCCH, QCL assumption between SS block (ref) and DMRS can be made. 
For UE-specific PDCCH, if TRS is configured, QCL assumption between TRS (ref) and DMRS can be made.
Proposal 2: With explicit or implicit indication, DMRS ports on bundled time units could be assumed to be QCL-ed at UE.
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