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Introduction
In RAN1#89 meeting, the following conclusions and agreements on QCL have been reached [1]:
Conclusion:
· RAN1 considers a generic term “spatial Rx parameters” and defers to RAN4 performance testing the exact interpretation of “spatial Rx parameters”.
· The following interpretation alternatives for “spatial Rx parameters” can be further considered by RAN4:
· One or more of: AoA, Dominant AoA, average AoA, Power Angular Spectrum (PAS) of AoA, average AoD, PAS of AoD, transmit/receive channel correlation, transmit/receive beamforming, spatial channel correlation etc.
·  Prepare an LS – Mihai (Nokia) R1-1709822, endorsed by updating the 3rd paragraph with the above agreements, final LS agreed in R1-1709837

Conclusion:
· FFS For CSI-RS RSRP determination, CSI-RS RSRP is measured per CSI-RS port
· FFS reporting per CSI-RS port or not (if not per CSI-RS port, detailed reporting approaches)
· FFS impact due to sub-time-unit CSI-RS

Agreements:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed
Based on the conclusions and 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.
Discussion on QCL for NR
QCL parameter grouping
[bookmark: OLE_LINK1]It’s noted that, due to less accurate beamforming at DL Rx side, two Tx beams corresponding to different clusters, and thus possess different channel properties regarding Doppler spread, Doppler shift, average delay, delay spread, are within the same Tx beam group. Consequently, these antenna ports cannot be assumed to have the same large-scale parameters in channel estimation and demodulation. 
In such case, QCL relationship wrt Tx beamforming should also be indicated at least for channel estimation and demodulation purposes. Therefore, QCL parameters could be grouped according to the functionalities, e.g., beam management, channel estimation, demodulation, phase tracking, RRM measurement, and so forth. 
Some examples of QCL parameter grouping are listed in Table 1:
Table 1. Examples of QCL grouping
	Type of QCL parameter set
	QCL parameters
	Example pairs of RSs/RS resource
	Application case

	Set 1
	Spatial Rx parameters
	- Among DMRS ports
- Among CSI-RS ports 
- Between DMRS ports and CSI-RS ports
	Beam management

	Set 2
	Delay spread, average delay, Doppler spread, Doppler shift
	Between DMRS ports and CSI-RS ports within the same CC
	Demodulation 

	Set 3
	average gain
	- Among DMRS ports within the same CC, if UE knows the power offset of NR-PBCH DMRS and NR-SSS 
- Among CSI-RS ports within the same CC
	RRM


For MIMO transmissions based on multi-TRP and multi-panel, the structure of array and the mapping between antenna ports to panel is transparent to UE. However, via DL measurement, the dependency or independency between ports can be obtained at UE side. Consequently, based on the grouping of ports according to the QCL relationships, the layer-to-DMRS port mapping, CSI feedback and control signaling can be defined. It’s worth noting that, depending on the channel experienced by different UE, the grouping could be different. In other words, antenna ports grouping is UE-specific.
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. 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: Antenna ports can be UE-specifically grouped according to their QCL relationship between each other. 
Proposal 2: Support at least the following types of QCL parameter set:
	Type of QCL parameter set
	QCL parameters
	Example pairs of RSs/RS resource
	Application case

	Set 1
	Spatial Rx parameters 
	- Among DMRS ports
- Among CSI-RS ports 
- Between DMRS ports and CSI-RS ports
	Beam management

	Set 2
	Delay spread, average delay, Doppler spread, Doppler shift
	Between DMRS ports and CSI-RS ports within the same CC
	Demodulation 

	Set 3
	average gain
	- Among DMRS ports within the same CC, if UE knows the power offset of NR-PBCH DMRS and NR-SSS
- Among CSI-RS ports within the same CC
	RRM


[bookmark: _GoBack]Proposal 3: 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 4: With explicit or implicit indication, DMRS ports on bundled time units could be assumed to be QCL-ed at UE.
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