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1 Introduction

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we provide our text proposal regarding the QCL description in 38.214.

2 Issues
2.1 QCL related to TRS

The agreement in QCL discussion is summarized below. The current 38.214 specification doesn’t capture the QCL relationship in terms of TRS.

	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
· [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.
Agreement:
QCL after RRC for below 6GHz
SSB  TRS: Doppler shift, average delay
Support type B

Agreement:
[bookmark: _Hlk493580546]RS combinations holding QCL assumptions after RRC for above 6 GHz, for one CC:
· SSB  TRS w.r.t average delay, Doppler shift, spatial RX parameters
· TRS  CSI-RS for BM w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation 
· TRS  CSI-RS for CSI w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
· TRS  DMRS for PDCCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
· TRS  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
· SSB  CSI-RS for BM w.r.t. average delay, Doppler shift, spatial RX parameters
· SSB  CSI-RS for CSI w.r.t., spatial RX parameters
· SSB  DMRS for PDCCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
· SSB  DMRS for PDSCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters.
· CSI-RS for BM  DMRS for PDCCH w.r.t., spatial RX parameters. 
· CSI-RS for BM  DMRS for PDSCH w.r.t., spatial RX parameters
· CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters; Note: QCL parameters may not be derived directly from CSI-RS for CSI
· CSI-RS for BM  CSI-RS for TRS/BM/CSI w.r.t. spatial RX parameters


Agreement:
QCL types A: Doppler shift, Doppler spread, average delay, delay spread
QCL types B: Doppler shift, Doppler spread
QCL types C: average delay, Doppler shift
QCL types D: Spatial Rx
	QCL linkage for below 6GHz before RRC
	signalling

	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)
	

	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)
	



	QCL linkage for below 6GHz after RRC
	signalling

	SSB  TRS: Doppler shift, average delay
	QCL type: C

	TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
	QCL type: A

	TRS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A

	TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
	QCL type: B

	CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A



	QCL linkage for above 6GHz after RRC
	signalling

	SSB  TRS w.r.t average delay, Doppler shift, spatial RX parameters
	QCL type: C + D

	TRS  CSI-RS for BM w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation 
	QCL type: A

	TRS  CSI-RS for CSI w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
	QCL type: A

	TRS  DMRS for PDCCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
	QCL type: A

	TRS  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
	QCL type: A

	SSB  CSI-RS for BM w.r.t. average delay, Doppler shift, spatial RX parameters
	QCL type: C+D 

	SSB  CSI-RS for CSI w.r.t, spatial RX parameters
	QCL type: D 

	SSB  DMRS for PDCCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
	QCL type: A+D

	SSB  DMRS for PDSCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
	QCL type: A+D

	CSI-RS for BM  DMRS for PDCCH w.r.t. spatial RX parameters
	QCL type: D

	CSI-RS for BM  DMRS for PDSCH w.r.t., spatial RX parameters
	QCL type: D

	CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters; Note: QCL parameters may not be derived directly from CSI-RS for CSI

	QCL type: A+D

	CSI-RS for BM  CSI-RS for TRS/BM/CSI w.r.t. spatial RX parameters
	QCL type: D 







It is observed that, there are two conditions for FR1,
· Type A: TRS provides Doppler shift, Doppler spread, average delay and delay spread to DMRS and CSI-RS for acquisition
· Type B: TRS provides Doppler shift and Doppler spread to DMRS and CSI-RS for acquisition. And CSI-RS for acquisition provides average delay and delay spread to DMRS

For FR2, it is seen that TRS provides Doppler shift, Doppler spread, average delay and delay spread to DMRS and CSI-RS for other purposes.

Based on the above, we propose the following texts added to 5.1.6.1.1 in 38.214

The UE in RRC connected mode may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the antenna port of CSI-RS for time/frequency tracking with respect to {Doppler shift , Doppler spread, average delay, delay spread}, or {Doppler shift, Doppler spread}.

The UE in RRC connected mode may assume that the antenna ports of CSI-RS for other purposes are quasi co-located with the antenna port of CSI-RS for time/frequency tracking with respect to {Doppler shift, Doppler spread, average delay, delay spread}. 

When the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the antenna port of CSI-RS for time/frequency tracking with respect to {Doppler shift, Doppler spread}, the UE in RRC connected mode may assume that the antenna ports of CSI-RS for other purposes are quasi co-located with the antenna port of CSI-RS for time/frequency tracking with respect to {Doppler shift, Doppler spread}.


3 Conclusion

Proposal 1: Add the following texts to 5.1.6.1.1 in 38.214 to capture the agreement

The UE in RRC connected mode may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the antenna port of CSI-RS for time/frequency tracking with respect to {Doppler shift , Doppler spread, average delay, delay spread}, or {Doppler shift, Doppler spread}.

The UE in RRC connected mode may assume that the antenna ports of CSI-RS for other purposes are quasi co-located with the antenna port of CSI-RS for time/frequency tracking with respect to {Doppler shift, Doppler spread, average delay, delay spread}. 

When the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the antenna port of CSI-RS for time/frequency tracking with respect to {Doppler shift, Doppler spread}, the UE in RRC connected mode may assume that the antenna ports of CSI-RS for other purposes are quasi co-located with the antenna port of CSI-RS for time/frequency tracking with respect to {Doppler shift, Doppler spread}.
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