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1 Introduction
In 3GPP TSG RAN WG1 NR Ad-Hoc#3, the following agreement was made on QCL for NR [1]:
	Agreement:

· The source and target RSs of a QCL configuration can be in the same CC or in different CCs by configuration

· Above is supported at least for CCs with same numerology in the same band from UE perspective

· FFS: Whether all or part of QCL parameters are derived from the reference CC

· FFS: Specification details on restriction on using this configuration (e.g.: based on UE capability, UE report)

Agreement:
RS combinations holding QCL assumptions:

· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz

· SSB ( DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)

· FFS whether restriction on PDSCH scheduling

· SSB ( DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)

· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP

· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH

· SSB ( TRS: [Doppler shift, average delay]

· Type A: 

· TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread

· TRS/CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread 

· FFS: Type B: 

· TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread

· CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread 

· Study whether the widebeam TRS can be QCLed referenced for a narrow beam CSI-RS

· Study whether widebeam CSI-RS can be QCLed with a narrow beam DMRS

· After RRC for above 6 GHz

· RS combinations holding QCL assumptions TBD.




In this contribution we provide our views on some of the remaining issues of QCL support in NR.
2 QCL for RS in single-beam 

In AH3# meeting, it was agreed to define QCL relationship between SS block and TRS. Since for CSI feedback, information on time and frequency offsets would be beneficial, we propose to establish QCL relation between TRS and NZP CSI-RS resource for CSI acquisition wrt to all parameters. 

It should be noted that beams used for TRS and NZP CSI-RS resource could be different due to use of TRP-specific beamforming on TRS and UE-specific beamforming on NZP CSI-RS resource. In this case the NZP CSI-RS resource could provide more accurate information regarding delay spread and average delay of the channel for DM-RS processing comparing to TRS, though DM-RS processing under parameter estimated from TRS may be still good enough for robust processing of the DM-RS.
Proposal:
· For single-beam operation, antenna ports of DM-RS and antenna ports of NZP CSI-RS resource for CSI acquisition are QCL-ed wrt to all parameters
· Antenna ports of NZP CSI-RS resource for CSI acquisition are QCL-ed with antenna ports of TRS wrt to all parameters
· Antenna ports of TRS is QCL-ed with antenna ports of SS block wrt Doppler shift, Doppler spread
3 QCL for RS in multi-beam case
Multi-beam operation is mainly envisioned for above 6GHz systems. In such system use of PT-RS may be already sufficient to estimate time and frequency offsets at the UE and, therefore, avoid the need of using “always on” TRS in multi-beam mode. More specifically, PT-RS transmission in every OFDM symbol, can be used by the UE to estimate the phase drift occurring due to residual frequency offset, while timing offset can be estimated from NZP CSI-RS resource for CSI acquisition using the same principles as for single beam operation.
Comparing to single-beam operation, multi-beam operation, however, would also require indication of the additional reference signal (CSI-RS and SS block) to assist UE with Rx beamforming selection for DM-RS processing. Following the principles of QCL configuration for single beam, NZP CSI-RS for CSI acquisition can be used for that purpose, where NZP CSI-RS resource for CSI acquisition can be configured with either QCL-ed SS block or other QCL-ed NZP CSI-RS resource for beam management wrt to spatial Rx parameters. In addition, irrespective of RS type configuration for spatial QCL, SS block should be always indicated for NZP CSI-RS resource for CSI acquisition wrt to Doppler shift and average delay to provide rough time and frequency offsets estimation for the UE.
Proposal:
· For multi-beam operation, antenna ports of DM-RS and antenna NZP CSI-RS resource for CSI acquisition are QCL-ed wrt to all parameters

· Antenna ports of NZP CSI-RS resource is QCL-ed with antenna ports of SS block wrt to all parameters, including spatial Rx parameters

· If indicated otherwise, instead of antenna ports of SS block, antenna ports of NZP CSI-RS resource for CSI acquisition is QCL-ed with antenna ports of other NZP CSI-RS resource for beam management wrt to spatial Rx parameters
4 Cross-carrier QCL
Due to implementation constraints, UE by default should support the same Rx beamforming assumption on different component carriers supported by the UE. In this case, the beam acquired on one CC could be potentially reused for reference signal or channel processing on the other CC.
To demonstrate that QCL assumption across CCs provides the very similar performance to per CC beam management, system-level evaluation of self-carrier beam management and cross-carrier beam management was carried out. Figure 1 illustrates RSRP comparison of for toe beam management cases. For performance metric RSRP of the best beam acquired from the same (self-carrier BM) and neighboring carrier (cross carrier BM) are shown. It can be seen that there is almost no difference in the RSRP performance between two approaches for beam management. 
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Figure 1: RSRP distribution for best beam acquired using self-carrier BM and cross-carrier BM

Proposal:

· Due to UE implementation constraints (e.g. support of single-panel UE), spatial QCL-ion for DM-RS antenna ports and antenna ports for NZP CSI-RS resources for CSI acquisitions transmitted on different CCs should be assumed as default assumption
· UE by default may assume that NZP CSI-RS resources for CSI acquisition on different CCs are QCL-ed  wrt to spatial Rx parameters
· UE by default may assume that DM-RS antenna ports on different CCs are QCL-ed  wrt to spatial Rx parameters
· The above assumption can be overridden by TRP with per-CC QCL signalling only for some UEs, e.g. supporting multiple Rx panels.
5 Summary

In this contribution we provide our views on some of the remaining issues of QCL support in NR.
· For single-beam operation, antenna ports of DM-RS and antenna ports of NZP CSI-RS resource for CSI acquisition are QCL-ed wrt to all parameters

· Antenna ports of NZP CSI-RS resource for CSI acquisition are QCL-ed with antenna ports of TRS wrt to all parameters

· Antenna ports of TRS is QCL-ed with antenna ports of SS block wrt Doppler shift, Doppler spread
· For multi-beam operation, antenna ports of DM-RS and antenna NZP CSI-RS resource for CSI acquisition are QCL-ed wrt to all parameters

· Antenna ports of NZP CSI-RS resource is QCL-ed with antenna ports of SS block wrt to all parameters, including spatial Rx parameters

· If indicated otherwise, instead of antenna ports of SS block, antenna ports of NZP CSI-RS resource for CSI acquisition is QCL-ed with antenna ports of other NZP CSI-RS resource for beam management wrt to spatial Rx parameters
· Due to UE implementation constraints (e.g. support of single-panel UE), spatial QCL-ion for DM-RS antenna ports and antenna ports for NZP CSI-RS resources for CSI acquisitions transmitted on different CCs should be assumed as default assumption

· UE by default may assume that NZP CSI-RS resources for CSI acquisition on different CCs are QCL-ed  wrt to spatial Rx parameters

· UE by default may assume that DM-RS antenna ports on different CCs are QCL-ed  wrt to spatial Rx parameters

· The above assumption can be overridden by TRP with per-CC QCL signalling only for some UEs, e.g. supporting multiple Rx panels.
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Appendix
	Scenario
	UMi

	Carrier frequency
	30GHz

	Number of carriers
	2

	Carrier bandwidth
	80MHz

	Subcarrier spacing
	60KHz

	Number of TRPs
	21

	UE distribution
	10 UE per TRP

	TRP antenna configuration
	(4, 8, 2, 2)

	Number of TRP beams
	48

	Number of TRP beams in horizontal
	10

	Number of TRP beams in vertical
	5

	UE antenna configuration
	(2, 4, 2, 2)

	Number of UE beams
	27 for each panel

	Number of UE beams in horizontal
	9

	Number of UE beams in vertical
	3
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