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1 Introduction
In this contribution we discuss some issues related to QCL support in NR and suggested several fixes to TS 38.214 [1]. 
2 Discussion
Issue 1: Partial QCL information for DM-RS of PDSCH/PDCCH
According to latest revision of TS 38.214 [1], TCI-state IE can be configured with QCL-info corresponding to ‘QCL-TypeD’ only which introduces a lot of challenges in the UE implementation associated with time and frequency offset estimation and racking using DM-RS. Moreover, time and frequency offset estimation using DM-RS may not be reliable enough as was concluded during Rel-11 LTE. It is therefore proposed to clarify that QCL-Type D configuration should always provided to the UE in conjunction with QCL-Type A configuration, so that UE has all QCL parameter available for processing.
Issue 2: QCL signalling without TRS configuration
Certain cases defined for QCL assumes no TRS configuration, which contradicts to the current wording that UE should expect TRS configuration. Therefore, these cases should be considered as error and should be removed from the specification,
The example of the proposed changes to solve issues #1 and #2 are provided below:
	-	For the DM-RS of CORESET scheduling the PDSCH, the UE should only expect the following TCI-State configuration:
-	qcl-Type1 with 'QCL-TypeA' configuration with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, and, if applicable, qcl-Type2 with 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition. or 
-	'QCL-TypeA' and 'QCL-TypeD' configuration with SS/PBCH block if UE is not configured with CSI-RS in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, or	Comment by Intel: No TRS configuration is not possible according to TS 38.214
-	'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.	Comment by Intel: This QCL configuration should always provided together with QCL-TypeA configuration to provide UE with all QCL parameters needed for DM-RS processing
-	For the DM-RS of PDSCH, the UE should only expect the following TCI-State configurations:
-	qcl-Type1 with ’QCL-TypeA' and, if applicable, qcl-Type2 with ‘QCL-TypeD’ configuration with a the CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without repetition, or
-	qcl-Type1 with ’QCL-TypeA' configuration with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, and, if applicable, qcl-Type2 with ‘QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition or
-	{QCL-TypeA' and QCL-TypeD'} configuration with SS/PBCH block if UE is not configured with a CSI-RS resource in a NZP-CSI-RS-ResourceSet with higher layer parameter trs-Info or QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or	Comment by Intel: No TRS configuration is not possible according to TS 38.214	Comment by Intel: QCL Type D is move to the above bullet. 
-	qcl-Type1 with {QCL-TypeA' and, if applicable, with qcl-Type2 with QCL-TypeD'} configuration with the CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without repetition.


Issue 3: TRS configuration without SSB
In order to perform TRS processing, UE should be provided with the initial timing estimation to setup FFT window. It is, therefore, essential, to require ‘QCL-Type C’ configuration with SSB as minimum to start TRS processing at the UE.
The example of the proposed changes to solve issue #3 are provided below:
	-	If a CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE should only expect the following TCI-State configurations:
-	qcl-Type1 with 'QCL-TypeC' and, if applicable, qcl-Type2 with or {QCL-TypeC' and QCL-TypeD'} configurations with the SS/PBCH block, or
-	qcl-Type1 with 'QCL-TypeC' with SS/PBCH block and, if applicable, qcl-Type2 with ’QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.



Issue 4: Partial QCL information for CSI-RS for CSI acquisition
Similar to the issue #1, CSI-RS resource for CSI acquisition, is currently allowed to be configured with QCL-TypeD only, which could create some issue with processing of CSI-RS due to lack of information for FFT window setting. It is, therefore, proposed to consider QCL-Type D signalling only in conjunction with QCL-Type A or Type B signalling to resolve the issue. 
The example of the proposed changes to solve issue #4 are provided below:
	-	If a CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without repetition , the UE should only expect the following TCI-State configuration:
[bookmark: _Hlk510821913]-	qcl-Type1 with 'QCL-TypeA' or 'QCL-TypeB' configuration with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, if applicable, with qcl-Type2 with 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.or
-	 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.



Issue 5: QCL assumption for the same CSI-RS resource over time
Current version of NR specification TS 38.215 allows UE to perform unrestricted RSRP measurements over the time using CSI-RS resource, which implies consistent beam assignment at the transmitter for that CSI-RS resource over the time without abrupt changes in the transmission beam. It is, therefore, import to clarify the corresponding QCL assumption for CSI-RS resource at the UE.
The example of the proposed changes to solve issue #5 are provided below:
	[bookmark: _Toc510988180]5.1.6.1.2	CSI-RS for L1-RSRP computation
If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in periodicityAndOffset and different nrofPorts in every CSI-RS resource within the set. If repetition is set to 'off', the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter. The UE may assume that all CSI-RS resource transmissions with the same CSI-RS resource configuration identity for a given CC and BWP is quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters.



Issue 6: QCL assumption across CSI-RS resources
According to current description in TS 38.214, CSI-RS resource set for beam management can be configured with CSI-RS-ResourceRep parameter. Current definition of this parameter as spatial domain transmission filter at gNB-side is ambiguous as it doesn’t convey any information to the UE regarding QCL properties of the received reference signal wrt to spatial Rx parameters. It is, therefore, proposed to replace the corresponding description with QCL assumption wrt to spatial Rx parameters, which is the same approach used to describe spatial QCL proprieties for SS/PBCH blocks with the same or different IDs in TS 38.211.
The example of the proposed changes to solve issue #6 are provided below:

	5.1.6.1.2	CSI-RS for L1-RSRP computation
If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filterQCL-ed wrt to spatial Rx parameters, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in periodicityAndOffset and different nrofPorts in every CSI-RS resource within the set. If repetition is set to 'off', the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter filterQCL-ed wrt to spatial Rx parameters.
…
[bookmark: _Toc501048198]5.2.2.3.1	NZP CSI-RS
The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer parameters CSI-ResourceConfig, and NZP-CSI-RS-ResourceSet. Each NZP CSI-RS resource set consists of K≥1 NZP CSI-RS resource(s).
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via the higher layer parameter NZP-CSI-RS-Resource for each CSI-RS resource configuration:
-	…
[bookmark: _Hlk498332433][bookmark: _Hlk497931989]-	repetition in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and defines whether CSI-RS resources are QCL-ed a repetition in conjunction with spatial domain transmission filter is on/off at gNB-side as described in Subclause 5.1.6.1.2. and can be configured only when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is set to 'cri-RSRP' or ‘none'.



Issue 7: Lack of default QCL assumptions
According to current NR specification, a default assumption for QCL of antenna port is not defined. It is therefore propose to introduce default QCL assumption which states that antenna ports of reference signals are not QCL with any parameters unless specified otherwise. 
3 Summary
In this contribution we propose several fixed to the following QCL issue identified in TS 38.214 [1]:
· Partial QCL information for DM-RS of PDSCH/PDCCH
· QCL signalling without TRS configuration
· TRS configuration without SSB
· Partial QCL information for CSI-RS for CSI acquisition
· QCL assumption for the same CSI-RS resource over time
· QCL assumption across CSI-RS resources
· Lack of default QCL assumptions
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