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1
Introduction
The agreements of 3GPP RAN1#86-bis related to antenna port quasi-co-location are listed in the following:
· QCL framework in NR is extended with new spatial QCL parameter(s) to support UE side beamforming/receiving procedure

· FFS details (e.g., receive angle of arrival, transmit angle of departure, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.)

· For DM-RS antenna ports, NR supports:

· All ports are QCL-ed

· Not all ports are QCL-ed

· FFS on details

· FFS, e.g.:

· QCL between antenna ports transmitted on different CCs

· QCL between CSI-RS antenna ports within one CSI-RS resource

· All ports are QCL-ed

· Not all ports are QCL-ed

· QCL between CSI-RS antenna ports within two or more CSI-RS resources

· All ports are QCL-ed

· Not all ports are QCL-ed

· QCL of a DM-RS antenna port with other RS types
· QCL considering channel reciprocity
· Flexible configuration/indication of the QCL assumption should be studied in NR:

· Possible grouping  of the QCL parameters should be studied: 

· e.g., average gain, average delay

· e.g., angle of arrival/ departure, delay spread, Doppler spread
In this contribution, a special focus is given for the discussion of the quasi-co-location (QCL) antenna port configurations for NR system. 

2 
Discussion QCL Antenna Port Configurations for NR 
With respect to LTE, NR may need to introduce new reference signals to enable efficient operation at higher carrier frequencies in addition to existing ones. In our companion papers [5, 6] demodulation reference signal for data and control, reference signal for phase-noise tracking (PTRS, continuous in time) and beam reference signal (BRS) are discussed. Additionally, in comparison to LTE, the most of reference signals in NR may be by default on user-specific on demand reference signals. Naturally, there might be also some exceptions as beam reference signal (BRS) that can be understood as a periodic broadcast type of reference signals with beamforming. Hence, new QCL antenna port assumptions with respect to different large scale parameters need to be defined for NR.
Observation 1: NR may have new type of reference signals for which QCL antenna port assumptions need to be defined.
Table 1. summarizes QCL antenna port assumptions between same reference signals. It is worth noting that the notation of TRP J, panel x, AP k, define index for TRP, panel and antenna port respectively. As shown, inter-antenna panel calibration has an impact to QCL assumption of antenna ports for all RS-types. Furthermore, depending on the VCO assumption, i.e. shared or different, antenna ports associated with RS-types have an impact to QCL assumptions among different antenna ports. It is worth noting that both inter-antenna panel calibration and VCO assumptions can be seen as a vendor specific implementation issue.
Observation 2: Inter-antenna panel calibration has an impact to the QCL assumption between different antenna ports for all RS-types. 
Observation 3: Depending on the assumption of antenna ports to share same or different VCO, QCL assumptions among different antenna ports may change.
Table 1. QCL antenna port assumptions between same reference signals. 
	Reference Signal
	Reference Signal
	QCL Assumption

	BRS (TRP j, panel x, AP k )
	BRS (TRP j, panel x, AP n )
	QCL:ed w.r.t. delay spread, Doppler shift, average gain, and average delay (assuming antenna ports k and n to be different polarization layers)

	BRS (TRP j, panel x, AP k )
	BRS (TRP j, panel y, AP g )
	No QCL at least w.r.t. Doppler shift and Doppler spread (assuming different panels to point different direction, also subject to inter-panel calibration assumption)

	BRS (TRP j, panel x, AP k )
	BRS (TRP h, panel x, AP g )
	No QCL w.r.t delay spread, Doppler spread, Doppler shift, average gain, and average delay

	DMRS (TRP j, panel x, AP k )
	DMRS (TRP j, panel x, AP n )
	QCL:ed w.r.t. delay spread, Doppler shift, average gain, and average delay (assuming antenna ports k and n to be different polarization layers )

	DMRS (TRP j, panel x, AP k )
	DMRS (TRP j, panel y, AP g )
	No QCL at least w.r.t. Doppler shift and Doppler spread (assuming different panels to point different direction,  also subject to inter-panel calibration assumption)

	DMRS (TRP j, panel x, AP k )
	DMRS (TRP h, panel x, AP g )
	No QCL w.r.t delay spread, Doppler spread, Doppler shift, average gain, and average delay

	CSI-RS (TRP j, panel x, AP k )
	CSI-RS (TRP j, panel x, AP n )
	QCL:ed w.r.t. delay spread, Doppler shift, average gain, and average delay (assuming antenna ports k and n to be different polarization layers)

	CSI-RS (TRP j, panel x, AP k )
	CSI-RS (TRP j, panel y, AP g )
	No QCL at least w.r.t. Doppler shift and Doppler spread (assuming different panels to point different direction, also subject to inter-panel calibration assumption )

	CSI-RS (TRP j, panel x, AP k )
	CSI-RS (TRP h, panel x, AP g )
	No QCL w.r.t delay spread, Doppler spread, Doppler shift, average gain, and average delay

	PTRS (TRP j, panel x, AP k )
	PTRS (TRP j, panel x, AP n )
	QCL:ed w.r.t. Doppler shift (assuming antenna ports k and n to be different polarization layers and assuming VCO to be shared)

	PTRS (TRP j, panel x, AP k )
	PTRS (TRP j, panel y, AP g )
	No QCL at least w.r.t. Doppler shift (assuming different panels to point different direction, also subject to inter-panel calibration assumption and assumption on shared or separate VCO)

	PTRS (TRP j, panel x, AP k )
	PTRS (TRP h, panel x, AP g )
	No QCL w.r.t Doppler shift, average gain, and average delay


Observation 4: Antenna ports associated with same panel, e.g. having different polarization layers, can be assumed QCL:ed with respect to delay spread, Doppler shift, average gain, and average delay.
In the last RAN1#86bis meeting, beam grouping/clustering was agreed to be studied further in the context of beam management. By leveraging of TX beam grouping/clustering definition described in [7], BRS, DMRS and CSI-RS antenna ports associated belonging to a same TX beam cluster/group can be QCL:ed with respect to delay spread, Doppler shift, average gain, and AoD. As a result of this, antenna ports between different TX beam groups/clusters cannot be QCL:ed with each other.  
Observation 5: BRS, DMRS-RS and CSI-RS antenna ports associated with TX beams belonging to a same TX beam group/cluster, can be assumed to be QCL:ed with respect to delay spread, Doppler shift, average gain, and AoD.
Observation 6: BRS, DMRS-RS and CSI-RS Antenna ports associated with different TX beam groups/clusters cannot be QCL:ed with each other.

It is worth noting that, as indicated in Table 1, inter-antenna panel calibration and VCO assumptions can have further vendor specific impacts to QCL antenna port assumptions. 
Table 2 provides a summary of QCL antenna port assumptions with other RS types. 
Table 2 QCL assumptions of DMRS antenna port with other RS types
	Reference Signal
	Reference Signal
	QCL Assumption

	DMRS (TRP j, panel x, AP k )
	BRS (TRP j, panel x, AP m )
	QCL:ed w.r.t delay spread, Doppler shift, average gain (assuming antenna ports k and m to be same  polarization layers)

	DMRS (TRP j, panel x, AP k )
	CSI-RS (TRP j, panel x, AP m )
	QCL:ed w.r.t. delay spread, Doppler shift, average gain (assuming antenna ports k and m to be same  polarization layers)

	DMRS (TRP j, panel x, AP k )
	PTRS (TRP j, panel x, AP m )
	QCL:ed w.r.t. Doppler shift, (assuming antenna ports k and m to be same  polarization layers)


To enable efficient UE operation in different NR scenarios, QCL antenna ports assumption between different antenna ports associated with different reference signal types need to be signaled dynamically for UE. 
Proposal 1: Support QCL antenna port assumption for BRS, DMRS and CSI-RS RS-types with respect to delay spread, Doppler shift, average gain, and AoD, for antenna ports associated with TX beams belonging to a same TX beam group/cluster, 
Proposal 2:  Support dynamic signaling to indicate UE about QCL antenna port assumptions for each reference signal type in NR. 
4
Conclusions
In this contribution, QCL antenna port assumptions for NR system at higher carrier frequencies have been considered. 

Based on the discussions, the following observations have been made:

Observation 1: NR may have new type of reference signals for which QCL antenna port assumptions need to be defined.
Observation 2: Inter-antenna panel calibration has an impact to the QCL assumption between different antenna ports for all RS-types. 

Observation 3: Depending on the assumption of antenna ports to share same or different VCO, QCL assumptions among different antenna ports may change.
Observation 4: Antenna ports associated with same panel, e.g. having different polarization layers, can be assumed to QCL:ed with respect to delay spread, Doppler shift, average gain, and average delay.
Observation 5: BRS, DMRS-RS and CSI-RS antenna ports associated with TX beams belonging to a same TX beam group/cluster, can be assumed to be QCL:ed with respect to delay spread, Doppler shift, average gain, and AoD.

Observation 6: BRS, DMRS-RS and CSI-RS Antenna ports associated with different TX beam groups/clusters can not be QCL:ed with each other.

Based on the discussions, the following proposals have been made:

Proposal 1: Support QCL antenna port assumption for BRS, DMRS and CSI-RS RS-types with respect to delay spread, Doppler shift, average gain, and AoD, for antenna ports associated with TX beams belonging to a same TX beam group/cluster, 
Proposal 2:  Support dynamic signaling to indicate UE about QCL antenna port assumptions for each reference signal type in NR. 
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