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1. Introduction
At the RAN1#90 and NR AH#3 meetings, several agreements were made on NR QCL design, with respect to the support of multiple DMRS groups, and multiple QCL assumptions to associated different types of RS. In this contribution, we further discuss the remaining issues related to NR QCL design.
2. QCL Relationships
At the RAN1#90 meeting [1], the following was agreed w.r.t. the spatial QCL association between SS block and different types of CSI-RS.
	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


Aperiodic CSI-RS is beneficial at least for CSI acquisition. If a gNB is maintaining several beam pair links between TRP(s) and a UE, the gNB shall indicate the beam pair link related information when transmitting the aperiodic CSI-RS. Therefore it is useful to consider spatial QCL relation between SS-block (ref) and A CSI-RS, and spatial QCL relation between P/SP CSI-RS (ref) and A CSI-RS.
Proposal 1: 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 AP CSI-RS is signaled
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and an AP CSI-RS resource is signaled.
As the CSI-RS resources for periodic CSI-RS shall be configured via RRC signaling, it is desired that the spatial QCL information shall also be included in the RRC signaling. For semi-persistent CSI-RS, it can be considered that the spatial QCL information is signaled upon the activation and deactivation of the CSI-RS transmission. For aperiodic CSI-RS, the spatial QCL information can be signaled at the transmission of the aperiodic CSI-RS.
Proposal 2: The spatial QCL relation between SS Block (ref) and P CSI-RS is via RRC.
Proposal 3: The spatial QCL relation between SS Block (ref) and SP CSI-RS is via SP CSI-RS activation signal.
Proposal 4: The spatial QCL relation between P CSI-RS resource (ref) and another P CSI-RS resource is via RRC.
Proposal 5: The spatial QCL relation between P CSI-RS resource (ref) and SP CSI-RS resource is via SP CSI-RS activation signal.
Proposal 6: The spatial QCL relation between SS-block or P/SP CSI-RS (ref) and AP CSI-RS is via AP CSI-RS triggering signal.
Besides the spatial QCL related issues, QCL association w.r.t. to other QCL parameters, e.g., delay related or Doppler related were also discussed and the following was agreed.
	Agreement:
[bookmark: _Hlk493580546]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
· [bookmark: _Hlk493579818]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.


When TRS is available, the QCL association between DMRS and TRS shall be established, w.r.t. average delay, delay spread, Doppler shift, Doppler spread. One discussion point is whether such association is directly between TRS and DMRS; or indirectly via CSI-RS for CSI acquisition. At least for DMRS for PDCCH demodulation, having CSI-RS for CSI acqusiition may not be a prerequisite. In that sense, NR shall support at least QCL association bwtween TRS and DMRS for PDCCH. For DMRS for PDSCH, it can be associated with either TRS and CSI-RS. It is slightly prefered to have the association also to TRS as that is more straightforward.
Proposal 7: For single CC/BWP and single TRP, the following is supported:
· Antenna ports of DM-RS can be QCL-ed with TRS w.r.t. Doppler shift, Doppler spread, average delay and delay spread.
3. Summary
In this contribution, we discuss remaining issues on NR QCL design. Based on the discussion, the following is proposed.
Proposal 1: 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 AP CSI-RS is signaled
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and an AP CSI-RS resource is signaled.
Proposal 2: The spatial QCL relation between SS Block (ref) and P CSI-RS is via RRC.
Proposal 3: The spatial QCL relation between SS Block (ref) and SP CSI-RS is via SP CSI-RS activation signal.
[bookmark: _GoBack]Proposal 4: The spatial QCL relation between P CSI-RS resource (ref) and another P CSI-RS resource is via RRC.
Proposal 5: The spatial QCL relation between P CSI-RS resource (ref) and SP CSI-RS resource is via SP CSI-RS activation signal.
Proposal 6: The spatial QCL relation between SS-block or P/SP CSI-RS (ref) and AP CSI-RS is via AP CSI-RS triggering signal.
Proposal 7: For single CC/BWP and single TRP, the following is supported:
· Antenna ports of DM-RS can be QCL-ed with TRS w.r.t. Doppler shift, Doppler spread, average delay and delay spread.
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