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Introduction
In RAN1#94bis meeting a total of 6 contributions [2-7], have been submitted on the RS and QCL agenda item, summarized in the following sections. 

[bookmark: _Hlk522197068]LS proposals 
Issue 2.1: QCL indication for TRS, (ZTE, R1-1810215; Intel, R1-1810752)
Proposal: Send a LS to RAN2 that:
The RS configured in QCL-Info can be located on a serving cell other than the serving cell in which the TCI-State is configured if the qcl-Type is configured as typeD or if the qcl-Type is configured as typeC and the referenceSignal is configured as ssb.
Companies views:
	Company
	Comment

	NTT DOCOMO, Ericsson
	Support

	Qualcomm
	We acknowledge the problem, but is it really necessary to send an LS? We observe in the TCI-State that the first RS is mandatory:
TCI-State ::= 						SEQUENCE {
	tci-StateId							TCI-StateId,
	qcl-Type1							QCL-Info,
	qcl-Type2							QCL-Info																OPTIONAL,	-- Need R
	...
}
so, in this case, we could allow the TRS to be QCLed with Type-D in the first RS (qcl-Type1) of the TCI-State, not configured the Type2, and just write in 214 that TypeC is coming from the SSB of the other CC. Specifically:
For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE may expect a TCI-state with qcl-Type1 indicating a QCL-TypeD with an SS/PBCH block located on a serving cell other than the serving cell in which the TCI-State is configured, and assume that this CSI-RS resource is also QCL-TypeC quasi-colocated with the same SS/PBCH block.

	Samsung
	Support



Text proposals for 38.211 
Issue 3.1: QCL source for PDSCH and PDCCH, (Ericsson, R1-1811171)
>>> Text Proposal for Section 7.4.1 of 38.211 >>> 
7.4.1.1            Demodulation reference signals for PDSCH
>>> Text Omitted >>
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx. The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.
>>> Text Omitted >>
7.4.1.3            Demodulation reference signals for PDCCH
>>> Text Omitted >>
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDCCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters.
>>> End Text Proposal >>>
[bookmark: _Hlk526239745]Companies views:
	Company
	Comment

	Ericsson
	Remove the source QCL description for PDSCH and PDCCH DMRS from 38.211. This is adequately described in 38.214 already.

	ZTE
	OK

	Qualcomm
	Is there a problem with the above text? If not, we prefer not to change it. 

	Samsung
	OK



Text proposals for 38.214 
Issue 4.1: Defining the term “when applicable”, (Ericsson, R1-1811171)
>>> Start 38.214 Text Proposal >>>
5.1.5 Antenna ports quasi co-location 
The UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M depends on the UE capability. Each TCI-State contains parameters for configuring a quasi co-location relationship between one or two downlink reference signals and the DM-RS ports of the PDSCH. The quasi co-location relationship is configured by the higher layer parameter qcl-Type1 for the first DL RS, and qcl-Type2 for the second DL RS (if configured). For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are to the same DL RS or different DL RSs. The quasi co-location types corresponding to each DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take one of the following values: 
- 'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread} 
- 'QCL-TypeB': {Doppler shift, Doppler spread} 
- 'QCL-TypeC': {Doppler shift, average delay} 
- 'QCL-TypeD': {Spatial Rx parameter}
A UE may assume that QCL-TypeD is applicable depending on the reported UE capability [12, TS 38.331].
>>> End Text Proposal >>>
Companies views:
	Company
	Comment

	NTT DOCOMO
	We would like to suggest another solution to use the UE capability of MIMO-ParametersPerBand/maxNumberRxBeam instead of refering FG 2-27: maxNumberRxTxBeamSwitchDL.

	ZTE
	This needs more discussion together with issue 5.2. Even the UE has the capability of multiple receive beams, QCL-typeD is not always required in a TCI state for CSI-RS resources. As discussed in issue 5.2, at least for CSI-RS with repetition on and aperiodic CSI-RS with shorter trigger delay can be configured without QCL-TypeD in FR2.

	Ericsson
	It is ok to discuss which UE capability or FG should be used, but perhaps we first need to discuss and agree on that it would be useful for the network to know whether the UE requires assistance of “Type D” kind of configuration of source RS (for FR2). Hence, we propose that through an already existing RRC signaling from UE, there is a possibility to indicate whether Type D source RS needs to be configured for that UE.
To elaborate, we believe that also for FR2 (or for new bands that are somewhere between current FR1 and FR2 bands), there will be UEs that are omni-sentient, that is’ is capable of receiving from all directions simultaneously and configuring Type D for those would incur unnecessary RS and signaling overhead.    

	Qualcomm
	I agree this has relation to issue 5.2 and UE capability discussion. Yet, we do not have the same understanding with Ericsson that in FR2 such a recommendation from the UE is really necessary. 



Various proposals 
[bookmark: _Hlk522197078]Issue 5.1: TCI indication with AP CSI-RS (merged with 5.7):
Proposal: If a TCI state for PDSCH indicates an AP CSI-RS resource as a QCL source, UE shall apply the QCL of the latest occasion of this AP CSI-RS prior to the OFDM symbol n-S, where symbol n is the first symbol of the scheduled PDSCH. - The value of S is reported as UE capability. (ZTE, R1-1810215):

Proposal: When an aperiodic CSI-RS is used as a QCL source, the UE may assume that the target RS is QCL with the latest reception of the aperiodic CSI-RS. (Ericsson, R1-1811171)
Companies views:
	Company
	Comment

	ZTE
	Issue 5.7 should be discussed together with this.  For the proposal in issue 5.7, using the latest reception of the aperiodic CSI-RS is not clear enough. If this latest aperiodic CSI-RS is just before PDSCH(e.g. one symbol before), UE may not have enough time to measure this CSI-RS and applies the correct QCL for PDSCH reception.  So we propose that UE applies the QCL of the latest occasion of this AP CSI-RS prior to the OFDM symbol n-S, where symbol n is the first symbol of the scheduled PDSCH.

	Ericsson
	Support. Consider merging with issue 5.7

	Qualcomm
	We propose this to be discussed in beam management, together with Issue 5.7 of this summary. This issue is related to the Issue 2.7. in BM summary.

	vivo
	Jointly discuss with 5.7

	Samsung
	Merge this issue with issue 5.7


[bookmark: _Hlk522197089][bookmark: _Hlk522482763]
Issue 5.2: Clarification of 'QCL-TypeD is applicable':
Proposal: In FR2, CSI-RS resource can be configured without QCL-TypeD. (ZTE, R1-1810215)
Proposal: In FR2, the UE shall expect that a TCI-State will always be configured with Type D QCL source for DM-RS of PDSCH, PDCCH, NZP CSI-RS resources. (Qualcomm, R1-1811232)
Companies views:
	Company
	Comment

	NTT DOCOMO
	Support Qualcomm’s proposal

	ZTE
	In our view, at least following usages can be configured without QCL-TypeD in FR2.
· CSI-RS resources within a resource set configured with repetition on. This case is actually for initial beam sweeping with P3. 
· Ap-CSI-RS with a shorter delay than a threshold. In RAN1#94 meeting, a default beam had been agreed in this case at least for CSI-RS for CSI. 

	Ericsson
	Support ZTE proposal with the amendment that the UE has reported that it does not need Type D assistance. Disagree with Qualcomm’s proposal. See Section 4. 



Issue 5.3: TCI state linkage (VIVO, R1-1810367):
Proposal: For PDCCH, if a TCI-State is configured with a reference to an RS associated with ‘QCL-TypeD’, that RS can be an SSB or periodic CSI-RS.
Companies views:
	Company
	Comment

	NTT DOCOMO
	Support, but we would like to clarify whether periodic CSI-RS includes TRS or not.

	ZTE
	Support only periodic CSI-RS since SSB cannot be configured in TCI for PDCCH based on the current 38.214. 

	Ericsson
	Don’t support to limit to periodic RSs. See also issue 5.7 and 5.1

	Qualcomm
	Don’t support to limit to periodic RS. Either way, whether SP/AP/P can be used as Type-D source should have been clarified/should be clarified in the BM agenda. 

	Samsung
	Don’t’ support to limit to periodic RSs. 



Issue 5.4: BWP related (Mediatek, R1-1810428):
Proposal: In Rel-15, for CSI acquisition and beam management, for a target signal in an active BWP, a UE expects the reference signal(s) for that target signal to reside in an active BWP also.

Companies views:
	Company
	Comment

	ZTE
	Not support. This seems too restrictive if it requires the reference signal(s) to be reside in an active BWP at the time of target signal reception. The measurement can be done before as long as the measurement is done in an active BWP, which is not necessary always the same as the BWP of target signal.  We also need to configure multiple TCI states for one target signal for dynamic BWP switching for reference signals.  If this is agreed, it would put quite a lot of restriction on dynamic BWP switching.

	Qualcomm
	We understand the motivation and agree, but why is the statement “for CSI and BM” needed? Isn’t it true in general that: 
•	For a target RS in an active BWP, the UE is not expected to estimate QCL parameters based on a source RS which is not on an active BWP? 

	vivo
	Basically, share similar understanding that this would put too much restriction for dynamic BWP switch.
Moreover, with current RRC signalling, how to define which BWP a CSI-RS resource resides in?




Issue 5.5: QCL assumption for CSI-RS for L1-RSRp w.r.t SSB (Intel, R1-1810752)
Proposal: CSI-RS for L1-RSRP shall be configured with QCL Type-D connection to SSB.
Companies views:
	Company
	Comment

	NTT DOCOMO
	QCL Type-C shall be considered if beam refinement is conducted through L1-RSRP measurement

	ZTE
	Not support. CSI-RS for BM can also provide source for QCL-Type-D to CSI-RS for BM.  This can support multi-level beam refinement.  In addition, CSI-RS without configured QCL-TypeD can be used for initial beam sweeping. 

	Ericsson
	Disagree. No additional restrictions to the allowed QCL relations this late.



Issue 5.6: QCL assumption for the same CSI-RS resource over time 
Proposal: Capture the as conclusion in the chairman’s notes that unless indicated by higher layers, the UE may assume that CSI-RS resources transmitted with the given ID are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other CSI-RS transmissions with other ID. No spec changes are needed. (Intel, R1-1810752)
[bookmark: _GoBack]Proposal: The UE may assume that all transmission occasions of a periodic CSI-RS resource configuration with a given resource identity and used for beam management are QCL with respect to QCL Type A and Type D, when applicable. (Ericsson)
Companies views:
	Company
	Comment

	ZTE
	We think this is clear in the spec and it is stronger than QCL by the antenna port definition.  Although we think the clarification is not really needed, we are okay with the proposal if it clarify that this only applies to periodic/semi-persistent CSI-RS in the same time frame of RRC configuration/MAC-CE activation (i.e. QCL can be changed after reconfiguration or re-activation). But for different occasions of a given aperiodic CSI-RS resource, UE cannot assume the same QCL relationship unless selected TCI is the same at the two triggering instants since a TCI state is selected dynamically at the time of triggering.

	Ericsson
	Since a CSI-RS has a source RS for QCL anyway, I don’t think this is strictly necessary. The only new thing here is the “average gain” which we cannot accept. I believe this is related to beam management only, so I propose to capture this in chairman notes instead. 
· The UE may assume that all transmission occasions of a periodic CSI-RS resource configuration with a given resource identity and used for beam management are QCL with respect to QCL Type A and Type D, when applicable.


	
	



Issue 5.8: TCI configurations for DM-RS of PDCCH (Qualcomm, R1-1811232):
Proposal: Update previous agreement on QCL relations for DMRS of PDCCH as follows:
	For the DM-RS of PDCCH, the UE should only expect the following three configurations of the higher layer parameter TCI-State while the fourth configuration is valid as default, before TRS is configured:
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1
	TRS
	QCL-TypeA
	TRS
	QCL-TypeD

	2
	TRS
	QCL-TypeA
	CSI-RS (BM)
	QCL-TypeD

	3**
	CSI-RS (CSI)
	QCL-TypeA
	CSI-RS (CSI)
	QCL-TypeD

	4*
	SS/PBCH Block*
	QCL-TypeA
	SS/PBCH Block*
	QCL-TypeD


* Before TRS configured. Note: this is not a TCI state, rather a valid QCL assumption
**Note: Only when QCL type-D is not applicable



Companies views:
	Company
	Comment

	ZTE
	OK

	Ericsson
	Support

	Samsung
	OK
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Appendix – Proposals
Proposals from different companies related to this topic are listed in the following:

	ZTE, Sanechips (R1-1810215)



QCL indication for TRS 
Proposal 3: Send a LS to RAN2 that:
The RS configured in QCL-Info can be located on a serving cell other than the serving cell in which the TCI-State is configured if the qcl-Type is configured as typeD or if the qcl-Type is configured as typeC and the referenceSignal is configured as ssb.
TCI indication with AP CSI-RS
Proposal 4: If a TCI state for PDSCH indicates an AP CSI-RS resource as a QCL source, UE shall apply the QCL of the latest occasion of this AP CSI-RS prior to the OFDM symbol n-S, where symbol n is the first symbol of the scheduled PDSCH.
- The value of S is reported as UE capability.
Clarification of 'QCL-TypeD is applicable' for CSI-RS resource
Proposal 5: In FR2, CSI-RS resource can be configured without QCL-TypeD.
	[bookmark: _Hlk506825649]VIVO (R1-1810367)



Proposal 5: 
· For PDCCH, if a TCI-State is configured with a reference to an RS associated with ‘QCL-TypeD’, that RS can be an SSB or periodic CSI-RS.
	Mediatek (R1-1810428)



Proposal: In Rel-15, for CSI acquisition and beam management, for a target signal in an active BWP, a UE expects the reference signal(s) for that target signal to reside in an active BWP also.

	Intel (R1-1810752)



QCL Type-C support from cross-CC indication
Proposal 8: Send LS to RAN2 to inform that the current cross-CC QCL indication should be also supported for QCL Type-C.
Proposal 9: CSI-RS for L1-RSRP shall be configured with QCL Type-D connection to SSB.
QCL assumption for the same CSI-RS resource over time
Proposal 10: Capture the as conclusion in the chairman’s notes that unless indicated by higher layers, the UE may assume that CSI-RS resources transmitted with the given ID are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other CSI-RS transmissions with other ID. No spec changes are needed.
	Ericsson (R1-1811171)



QCL source for PDSCH and PDCCH
Remove the source QCL description for PDSCH and PDCCH DMRS from 38.211. This is adequately described in 38.214 already. 
A text proposal implementing this proposal is as follows:

>>> Text Proposal for Section 7.4.1 of 38.211 >>> 
7.4.1.1            Demodulation reference signals for PDSCH
>>> Text Omitted >>
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx. The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.
>>> Text Omitted >>
7.4.1.3            Demodulation reference signals for PDCCH
>>> Text Omitted >>
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDCCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters.

>>> End Text Proposal >>>
Defining the term “when applicable”
>>> Start 38.214 Text Proposal >>>
5.1.5 Antenna ports quasi co-location 
The UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M depends on the UE capability. Each TCI-State contains parameters for configuring a quasi co-location relationship between one or two downlink reference signals and the DM-RS ports of the PDSCH. The quasi co-location relationship is configured by the higher layer parameter qcl-Type1 for the first DL RS, and qcl-Type2 for the second DL RS (if configured). For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are to the same DL RS or different DL RSs. The quasi co-location types corresponding to each DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take one of the following values: 
- 'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread} 
- 'QCL-TypeB': {Doppler shift, Doppler spread} 
- 'QCL-TypeC': {Doppler shift, average delay} 
- 'QCL-TypeD': {Spatial Rx parameter}
A UE may assume that QCL-TypeD is applicable depending on the reported UE capability [12, TS 38.331].

>>> End Text Proposal >>>
Aperiodic CSI-RS as a QCL source
When an aperiodic CSI-RS is used as a QCL source, the UE may assume that the target RS is QCL with the latest reception of the aperiodic CSI-RS. 

	Qualcomm (R1-1811232)



6.1	TCI configurations for DM-RS of PDCCH
Furthermore, we note that there is an unusual asymmetry for the DMRS of PDCCH and PDSCH, in the following configuration. Based on current agreement, configuration 3 is only supported effectively for FR1, while in FR2  (when QCL Type D is applicable), PDCCH cannot be configured with this QCL configuration, which also makes it useless for PDSCH since in the typical scenario these two RS will be configured with the same source.
	Agreement
Note: For all the tables below, if a row has the same RS type, same RS ID should be assumed.
…
For the DM-RS of PDCCH, the UE should only expect the following three configurations of the higher layer parameter TCI-State while the fourth configuration is valid as default, before TRS is configured:
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1
	TRS
	QCL-TypeA
	TRS
	QCL-TypeD

	2
	TRS
	QCL-TypeA
	CSI-RS (BM)
	QCL-TypeD

	3**
	CSI-RS (CSI)
	QCL-TypeA
	
	

	4*
	SS/PBCH Block*
	QCL-TypeA
	SS/PBCH Block*
	QCL-TypeD


* Before TRS configured. Note: this is not a TCI state, rather a valid QCL assumption
**Note: Only when QCL type-D is not applicable

For the DM-RS of PDSCH, the UE should only expect the three following configurations of the higher layer parameter TCI-State while the fourth is valid by default, before TRS is configured:
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1
	TRS
	QCL-TypeA
	TRS
	QCL-TypeD

	2
	TRS
	QCL-TypeA
	CSI-RS (BM)
	QCL-TypeD

	3**
	CSI-RS (CSI)
	QCL-TypeA
	CSI-RS (CSI)
	QCL-TypeD

	4*
	SS/PBCH Block*
	QCL-TypeA
	SS/PBCH Block*
	QCL-TypeD


* Before TRS configured. Note: this is not a TCI state, rather a valid QCL assumption
** Note: QCL parameters may not be derived directly from CSI-RS (CSI)



Proposal 14: Update previous agreement on QCL relations for DMRS of PDCCH as follows:
	For the DM-RS of PDCCH, the UE should only expect the following three configurations of the higher layer parameter TCI-State while the fourth configuration is valid as default, before TRS is configured:
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1
	TRS
	QCL-TypeA
	TRS
	QCL-TypeD

	2
	TRS
	QCL-TypeA
	CSI-RS (BM)
	QCL-TypeD

	3**
	CSI-RS (CSI)
	QCL-TypeA
	CSI-RS (CSI)
	QCL-TypeD

	4*
	SS/PBCH Block*
	QCL-TypeA
	SS/PBCH Block*
	QCL-TypeD


* Before TRS configured. Note: this is not a TCI state, rather a valid QCL assumption
**Note: Only when QCL type-D is not applicable



6.2 Interpretation of "Type D when applicable" in QCL

In Section 5.1.5 of 38.214, the available QCL relations for each DL PHY channel are described, and the expression “Type D when applicable” is added
	For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block.



[bookmark: _Hlk525828907]Proposal 15: In FR2, the UE shall expect that a TCI-State will always be configured with Type D QCL source for DM-RS of PDSCH, PDCCH, NZP CSI-RS resources.

