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1. Introduction
In the previous 3GPP RAN1 meetings, QCL related issues are discussed and have been reflected in specs. However, there are some parts in the spec that do not fully capture the QCL agreement. There are also some remaining issues that need to be discussed.
In this contribution, QCL related issues are further discussed.
2. QCL before RRC
In RAN1 NR AH #3 in 2017 and RAN1 #91, the following agreements are achieved.
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)

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)
	


Agreement

Between initial RRC configuration and MAC CE activation of TCI states, the UE may assume that both PDCCH and PDSCH DMRS are spatially QCL-ed with the SSB determined during initial access
The above agreements are not well captured in current 38.214. The following text need to be updated according to above agreement.
Proposal 1: Text proposals for session 5.1 of 38.214
When receiving PDSCH for RMSI or broadcasted Other System Info the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block determined in initial access procedure with respect to [spatial RX parameters] Doppler shift, Doppler spread, average delay, delay spread and spatial RX parameters. spatial RX parameters are used only for frequency range 2.
When receiving PDSCH for Random Access Response the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block determined in initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread and spatial RX parameters. spatial RX parameters are used only for frequency range 2. the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to [spatial RX parameters]. 
When receiving PDSCH conveying Msg4 of Random Access Procedure the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block determined in initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread and spatial RX parameters. spatial RX parameters are used only for frequency range 2. the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to [spatial RX parameters].
Proposal 2: Text proposal for Section 5.1.5 of 38.214
Until a UE receives higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are spatially quasi co-located with the SSB determined in the initial access procedure with repsect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz). 
3. QCL configuration at resource level
In previous LS to RAN2, the following is captured.
	RAN1 specification
	Section
	MAC CE message
	Description
	Value range

	TS38.214
	5.2.2.3.4
	Semi-persistent CSI-RS / CSI-IM
	Activates/deactivates a SP CSI-RS resource set and a SP CSI-IM resource set. Provides the spatial QCL relationship (if activated)
	SP CSI-RS Resoruce Set Id | SP CSI-IM Resource Set Id | TCI_State_Id

	TS38.214
	6.2.1
	[Semi-persistent SRS activation]
	[Activates a SP SRS resource set and] provides the spatial QCL relationship (if activated)
	[SP SRS Resoruce Set Id |] SSB ID/SRS resource ID/CSI-RS resource ID


For the current version of 38.331, the following parameters are configured.

CSI-ResourceConfig ::= 



SEQUENCE {


-- FFS: Where is the CSI-ResourceConfigId used?


csi-ResourceConfigId



CSI-ResourceConfigId,


-- Contains up to maxNrofCSI-ResourceSets resource CSI-ReosurceSets if ResourceConfigType is 'aperiodic' and maxNrofCSI-ResourceSets otherwise.


-- Corresponds to L1 parameter 'ResourceSetConfigList' (see 38.214, section 5.2.1.3.1)



csi-RS-ResourceSets 
 


CHOICE {



nzp-CSI-RS-ResourceSets



SEQUENCE (SIZE (1..maxNrofCSI-ResourceSets)) OF NZP-CSI-RS-ResourceSet,




csi-IM-ResourceSets




SEQUENCE (SIZE (1..maxNrofCSI-ResourceSets)) OF CSI-IM-ResourceSet

},


-- List of SSB resources used for beam measurement and reporting in a resource set


-- Corresponds to L1 parameter 'SSBResourceMeasList' (see 38,214, section FFS_Section)


ssb-Resources





SEQUENCE (SIZE (1..maxNrofSSB-Resources-1)) OF
CSI-SSB-Resource

OPTIONAL, --Cond OnlyWithNZPResourceSets

-- The DL BWP which the CSI-RS assocaited with this CSI-ResourceConfig are located in. 


-- Corresponds to L1 parameter 'BWP-Info' (see 38.214, section FFS_Section)


bandwidthPartId







BandwidthPartId,


-- Time domain behavior of resource configuration. Corresponds to L1 parameter 'ResourceConfigType' (see 38.214, section 5.2.2.3.5)



resourceType






CHOICE {



aperiodic







NULL, 



semiPersistent 





NULL,



periodic







SEQUENCE {



-- For a target periodic CSI-RS, contains a reference to one TCI-RS-Set in TCI-States for providing the QCL source and 




-- QCL type. For periodic CSI-RS, the source can be SSB or another periodic-CSI-RS.




-- Corresponds to L1 parameter 'QCL-Info-PeriodicCSI-RS' (see 38.214, section FFS_Section)




qcl-InfoPeriodicCSI-RS




TCI-RS-SetId
















OPTIONAL


}

},


-- Indication of which Serving Cell the configured CSI-RS is located in.


-- FFS_CHECK: RAN1 intended to enable cross-carrier scheduling of aperiodoic CSI-RS. This field would indicate on which ServingCell


-- the UE finds these resources. Discuss whether and how this works considering that currently a CSI-MeasConfig exists per ServingCell


-- Corresponds to L1 parameter 'CC-Info' (see 38.214, section FFS_Section)


crossCarrierInfo





FFS_Value



















OPTIONAL,


...

}

We envision that QCL information of CSI-RS should be configured at resource level, rather than resource set level. For SP CSI-RS, although CSI-RS could be activated at resource set level, the corresponding QCL information should also be provided at resource level.
For SRS, the RRC configuration of spatial information is already at resource level. For activation and deactivation of SRS, the corresponding spatial information should also be provided at resource level.

Proposal 3: 

· For periodic CSI-RS, QCL information should be configured for per resource.

· For semi-persistent CSI-RS, QCL information should be provided for each resource.
Proposal 4: 

· For semi-persistent SRS, QCL information should be provided for each resource.

4. Conclusion

In this contribution, QCL related issues are discussed, and the following proposals are given:
Proposal 1: Text proposals for session 5.1 of 38.214
Proposal 2: Text proposal for Section 5.1.5 of 38.214
Proposal 3: 

· For periodic CSI-RS, QCL information should be configured for per resource.

· For semi-persistent CSI-RS, QCL information should be provided for each resource.

Proposal 4: 

· For semi-persistent SRS, QCL information should be provided for each resource.
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