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Introduction
Previous meetings agreements:
	Agreements: (RAN1#89 Hangzhou)
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed

Agreements: (RAN1#AH2 Qingdao)
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
· QCL assumption across carriers and bandwidth parts for DL
· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability
· FFS whether or not to have UE assisted management

Agreements: (RAN1#90 Prague)
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
Agreements: (RAN1#90 Prague)
· 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

Agreements: (RAN1#90 Prague)
· For single CC/BWP and single TRP, at least the following is supported:
· Antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS wrt to the following parameters:
· TRS w.r.t . {average delay, delay spread, Doppler shift, Doppler spread} and one of SSblock w.r.t {spatial Rx parameters} or NZP CSI-RS w.r.t. {spatial Rx parameters)
· FFS Antenna ports of DM-RS can be QCL-ed with SSblock w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters} for PDSCH demodulation before TRS configuration
· FFS for PDCCH
· FFS the case where antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS: 
· SS block: w.r.t .{average delay, FFS delay spread, Doppler shift, FFS Doppler spread, spatial Rx parameters}
· Especially regarding whether this case must be supported if there is potential absence of TRS or not
· FFS Antenna ports of DM-RS can be QCL-ed with NZP CSI-RS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
· FFS Antenna ports of DM-RS can be QCL-ed with TRS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}
· Other cases are FFS
· Companies are encouraged to perform analysis and evaluations to finalize the supported case(s)
Agreement: (RAN1#AH3 Nagoya)
· The source and target RSs of a QCL configuration can be in the same CC or in different CCs by configuration
· Above is supported at least for CCs with same numerology in the same band from UE perspective
· FFS: Whether all or part of QCL parameters are derived from the reference CC
· FFS: Specification details on restriction on using this configuration (e.g.: based on UE capability, UE report)
Agreement: (RAN1#AH3 Nagoya) 
[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.
Agreement: (RAN1#90 Prague)
QCL after RRC for below 6GHz
SSB  TRS: Doppler shift, average delay
Support type B

Agreement: (RAN1#90 Prague)
The following P/SP/AP CSI-RS signaling options are supported:
	QCL parameter
	Reference RS
	Target RS
	Signalling mode
	Reference RS and Target RS should belong to the same CC/BWP or not

	Spatial
	SSB
	P CSI-RS
	RRC

	Can be on different CCs/BWPs

	Spatial
	SSB
	SP CSI-RS
	SP CSI-RS activation signal 

	Can be on different CCs/BWPs

	Spatial
	P CSI-RS
	Another P CSI-RS
	RRC

	Can be on different CCs/BWPs

	Spatial
	SSB or P/SP CSI-RS
	AP CSI-RS
	RRC or RRC+MAC CE for configuration,
indication with DCI 
	Can be on different CCs/BWPs
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After RRC for above 6 GHz
· [bookmark: _Hlk495483134]SSB  [TRS - if is supported for above 6GHz] w.r.t average delay, Doppler shift, spatial RX parameters
· [bookmark: _Hlk495483078]SSB  CSI-RS for BM w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  CSI-RS for CSI w.r.t. [average delay, Doppler shift], 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 w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDCCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· [bookmark: _Hlk495483523]CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, [spatial RX parameters]
· CSI-RS for BM  CSI-RS for CSI w.r.t. spatial RX parameters

Agreement: (RAN1#91 Reno)
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: (RAN1#91 Reno)
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 


· If the QCL target RS is periodic CSI-RS or TRS,
· QCL-Info IE is placed in CSI-RS-Resource-Config and refers to the TCI-State index
· TCI-State structure for one RS set is either:
· DL Reference RS1| QCL_type1, DL Reference RS2| QCL_type2
· Note that there is no overlap of QCL_type1 and QCL_type2
· DL Reference RS1| QCL_type1
· Note that QCL_type1 and QCL_type2 are selected from {QCL types A, QCL types B, QCL types C, QCL types D}
· Note that if DL Reference RS1 and DL Reference RS2 are the same, both QCL types apply 
Agreement: (RAN1#91 Reno – BM session)
Mechanism to indication of source QCL for a resource:
P-CSI-RS – through RRC configuration
FFS: If the spatial QCL can be configured through a reference to a configured TCI state
SP-CSI-RS – configuring the resource(s) through RRC, activation/deactivation through MAC-CE;
The QCL for SP- CSI-RS is indicated in the same MAC-CE message that activates the SP- CSI-RS. 
The QCL is provided through an association with one of the M candidate TCI states
AP-CSI-RS – 
Through DCI (AP-CSI-report-triggering state indication)
For each AP-CSI-RS resource associated with each triggering state, QCL configuration is provided through an association with one of the M candidate TCI states by RRC
FFS: Value of M
FFS: TCI association on NZP-CSI-RS/ZP-CSI-RS based IMR
[bookmark: _Hlk499566078]Agreement: (RAN1#91 Reno – BM session)
For the number of TCI states and mapping to DCI bits, N is 3 bits. 
Note: The number of TCI states supported by a UE depends on its capability

[bookmark: _Hlk499566118]Agreement: (RAN1#91 Reno – BM session)
The state Is-TCI-Present is configured on a per-CORESET basis
For beam management with beam indication, on all CORESETs configured with Is-TCI-Present=false, the TCI state used for PDCCH is reused for PDSCH reception

Agreement: (RAN1#91 Reno – BM session)
A candidate set of DL RSs are configured using RRC mechanism
Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication
The same set of M TCI states are reused for CORESET
K TCI states are configured per CORESET 
When K>1, MAC CE can indicate which one TCI state to use for control channel QCL indication
When K=1, no additional MAC CE signaling is necessary
[bookmark: _Hlk500175019]Agreement: (RAN1#91 Reno – BM session)
When the scheduling offset is <=k, the PDSCH uses QCL assumption that is based on a default TCI state (e.g. the first state of the 2^N states used for PDSCH QCL indication)




In RAN1#92 meeting a total of 10 contributions [2-12], have been submitted on the QCL agenda item. Most of the documents contain text proposals, summarized as follows.
Text proposals for 38.211
---- Unchanged parts omitted----
4.4.1	Antenna ports
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 
For DM-RS associated with PDSCH and CSI-RS there are limits given below within which the channel can be inferred from one symbol to another symbol on the same antenna port	Comment by Mihai Enescu: Intel, R1-1802405
-	For DM-RS associated with PDSCH the channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are within the same scheduled PDSCH and in the same PRG as described in 3GPP TS 38.214 Section X.
-	For CSI-RS for CSI the channel over which a symbol on one of antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only when the channel measurement restriction is not configured as described in 3GPP TS 38.214 Section Y.
Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. 
---- Unchanged parts omitted----
7.4.1.1.2
---- Unchanged parts omitted----
[bookmark: _Hlk506881589]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 spatial RxRX parameters, where applicable. 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 RxX parameters, where applicable.	Comment by Mihai Enescu: CATT, R1-1801727	Comment by Mihai Enescu: CATT, R1-1801727
---- Unchanged parts omitted----
7.4.1.3.2
---- Unchanged parts omitted----
In absence of CSI-RS or TRS 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 spatial Rx parameters.	Comment by Mihai Enescu: ZTE, R1-1801590
---- Unchanged parts omitted----
7.4.1.5.3
---- Unchanged parts omitted----

[bookmark: _Hlk500920575]The UE shall assume that a CSI-RS is transmitted using antenna ports numbered across CDM groups first in the frequency domain, then in time domain, starting with antenna port 3000. The UE shall assume that a CSI-RS is transmitted using antenna ports  numbered according to







where  is the sequence index provided by Tables 7.4.1.5.2-2 to 7.4.1.5.2-5,  is the CDM group size, and  is the number of CSI-RS ports. The CDM group index  given in Table 7.4.1.5.2-1 corresponds to the time/frequency locations  for a given row of the table. The CDM groups are numbered in order of increasing frequency domain allocation first and then increasing time domain allocation.
The UE shall assume that CSI-RS ports within one resource are QCL-ed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters.	Comment by Mihai Enescu: ZTE, R1-1801590
---- Unchanged parts omitted----

Text proposals for 38.213
10.1
---- Unchanged parts omitted----
[bookmark: _Hlk506880334]If athe UE has not received initial an indication for an antenna port quasi co-location from the set of antenna port quasi co-locations provided byhigher layer configuration of more than one TCI state by using the higher layer parameter TCI-StatesPDCCH containing more than one TCI states but not MAC CE activation for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the SS/PBCH block the UE identified during the initial access procedureDM-RS antenna port associated with PBCH reception with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable. [Alt.1: Between RRC re-configuration of TCI-StatesPDCCH containing multiple TCI states and the MAC CE activation of one of those states, the UE assumes that the DM-RS antenna port associated with PDCCH reception in a UE-specific search space is quasi co-located with the DL RS in the lowest entry of TCI-StatesPDCCH.] [Alt.2: After a UE receives higher layer re-configuration of TCI states, the UE may assume that the activated TCI state(s) configured before the re-configuration are remained activated until reception and application of next activation/deactivation command.]	Comment by Mihai Enescu: VIVO, R1-1801529	Comment by Mihai Enescu: ZTE, R1-1801590	Comment by 박종현/책임연구원/차세대표준(연)ACS팀(jonghyun10.park@lge.com): LGE, R1-1802194	Comment by Mihai Enescu: ZTE, R1-1801590
---- Unchanged parts omitted----
A UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0A-PDCCH common search space and the DM-RS antenna port associated PDSCH are quasi co-located with the SS/PBCH reception are quasi co-locatedblock with respect to average gain, delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable.	Comment by Mihai Enescu: ZTE, R1-1801590
---- Unchanged parts omitted----

Text proposals for 38.214 
5.1
---- Unchanged parts omitted----
[bookmark: _Hlk497209675]When receiving PDSCH for RMSI or broadcasted Other System Info or paging the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters]. Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters where applicable.	Comment by Mihai Enescu: VIVO, R1-1801529, ZTE R1-1801590
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 the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], determined in initial access procedure with respect to [spatial RX parameters]. Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters where applicable.	Comment by Mihai Enescu: VIVO, R1-1801529, ZTE R1-1801590
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 the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], determined in initial access procedure with respect to [spatial RX parameters]. Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters where applicable.	Comment by Mihai Enescu: VIVO, R1-1801529, ZTE R1-1801590
If the UE is not configured for PUSCH/PUCCH transmission for at least one serving cell configured with slot formats comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on serving cell c1 and serving cell c2, the UE is not expected to receive PDSCH on serving cell c1 if the PDSCH overlaps in time with SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell c2 not configured for PUSCH/PUCCH transmission. 
A priority rule shall be defined when UE cannot simultaneously receive both PDCCH and PDSCH using the same spatial filter. When a CORESET is associated to a [URLLC QoS] set via higher layer signalling, UE shall monitor the CORESET with quasi co-location parameters associated with the configured TCI state for the CORESET. 	Comment by Mihai Enescu: Qualcomm, R1-1802832
When unicast PDSCH is to be received by the UE in the same OFDM symbol containing a search space associated with the CORESET, and the CORESET is not associated with a [URLLC QoS] set via higher layer signalling, quasi-colocation parameters associated with the PDSCH takes precedence and the UE shall receive the PDSCH with its associated quasi co-location parameters. The UE is not expected to monitor this CORESET for PDCCH. Additionally, UE may assume that no PDCCH is transmitted in the REs indicated to receive unicast PDSCH conveyed by a PDCCH.  	Comment by Mihai Enescu: TCI states
---- Unchanged parts omitted----
5.1.5
5.1.5	Antenna ports quasi co-location
The UE can be configured with up to M TCI-States by higher layer signalling 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 configured TCI state includes one or two RS set, [TCI-RS-SetConfig1], or two RS sets [TCI-RS-SetConfig1] and [TCI-RS-SetConfig2] TCI-RS-SetConfig. Each TCI-RS-SetConfig contains parameters for configuring quasi co-location relationship between the reference signals in the RS set and the corresponding DM-RS port group of the PDSCH. 	Comment by Mihai Enescu: Huawei, R1-18001461	Comment by Mihai Enescu: CATT, R1-1801728	Comment by Mihai Enescu: Huawei, R1-1801461
One or two RS sets, if configured in a TCI state, corresponds to one DMRS port group or two DMRS port groups respectively where the RS set TCI-RS-SetConfig1 corresponds to dmrs-group1 and the RS set TCI-RS-SetConfig2 corresponds to dmrs-group2.	Comment by Mihai Enescu: Huawei, R1-1801461
The RS set contains a reference to either one or two DL RSs and an associated quasi co-location type (QCL-Type) for each one configured by the higher layer parameter QCL-Type. For the case of two DL RSs, there is no overlap between the two 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 indicated to the UE are based on the higher layer parameter QCL-Type and may take one or a combination of the following types: 	Comment by Mihai Enescu: OPPO R1-1802131 has a similar proposal: For the case of two DL RSs, the QCL types shall contain any common item,	Comment by Mihai Enescu: CATT, R1-1801728
-	QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}
-	QCL-TypeB: {Doppler shift, Doppler spread}
-	QCL-TypeC: {average delay, Doppler shift}
-	QCL-TypeD: {Spatial Rx parameter}
The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states or 8 TCI state pairs  to the codepoints of the DCI field ‘Transmission Configuration Indication’. After a UE receives initial higher layer configuration of TCI states or TCI state pairs and before reception and application 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 SS/PBCH block determined in the initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx parameters, when applicable.  After a UE receives higher layer re-configuration of TCI states, the UE may assume that the activated TCI state(s) configured before the re-configuration are remained activated until reception and application of next activation/deactivation command.	Comment by Mihai Enescu: Qualcomm, R1-1802832 has more substantial changes: The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field ‘Transmission Configuration Indication’. After 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 respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable. Subsequently, the UE determines PDSCH antenna port quasi co-location as follows:
If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, or
if PDSCH is semi-persistently scheduled,
the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
else, if TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, 
for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. 
else, if a UE is configured with the higher layer parameter TCI-PresentInDCI that is set as 'Enabled' for the CORESET scheduling the PDSCH, 
the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. 
the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. 
	Comment by Mihai Enescu: QC, R1-1802832	Comment by Mihai Enescu: ZTE, R1-1801590	Comment by Mihai Enescu: Qualcomm	Comment by Mihai Enescu: CATT, R1-1801728, CATT R1-1801727 wants to keep the word spatially	Comment by Mihai Enescu: OPPO, R1-1802131	Comment by Mihai Enescu: Ericsson, R1-1802758
If a UE is configured with the higher layer parameter TCI-PresentInDCI that is set as 'Enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. If TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the current TCI state applied for the CORESET used for the PDCCH transmission if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. 	Comment by Mihai Enescu: QC alternative: If TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the current TCI state applied for the CORESET used for the PDCCH transmission, where the current TCI state is the state at the beginning of the slot carrying the PDSCH. 
	Comment by Mihai Enescu: OPPO, R1-1802131
If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. If the ‘Transmission Configuration Indication’ field is associated with a TCI state pair, the UE may assume that the antenna ports of the first DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameters(s) given by the first TCI state in the pair, and the UE may assume that the antenna ports of the second DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameters(s) given by the second TCI state in the pair For both the cases when TCI-PresentInDCI = 'Enabled' or TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one all the DM-RS port groups of PDSCH of a serving cell are spatially quasi co-located when applicable based on the current TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID other than 0 and the CORESET-ID of Beam-failure-Recovery-Response-CORESET in the latest slot in which one or more CORESETs are configured for the UE. If TCI state of lowest CORESET-ID is not spatially QCL-ed with the configured/indicated TCI states for PDSCH/PDCCH/CSI-RS/SSB, the UE always follows the configured/indicated TCI states.	Comment by Mihai Enescu: OPPO, R1-1802131	Comment by Mihai Enescu: Qualcomm, R1-1802832	Comment by Mihai Enescu: OPPO, R1-1802131	Comment by Mihai Enescu: Qualcomm	Comment by Mihai Enescu: VIVO, R1-1801529	Comment by Mihai Enescu: Qualcomm	Comment by Mihai Enescu: OPPO, R1-1802131	Comment by Mihai Enescu: VIVO, R1-1801529
A UE should expect only the following QCL-Type configurations in TCI-RS-Set:	Comment by Mihai Enescu: Qualcomm’s alternative: During Connected mode operation UE may receive QCL indication between a source RS and a Target RS with respect to the QCL parameters as shown in the tables below. UE in connected mode operation is not expected to receive any other combination of QCL indication between a Source RS and a target RS, other than listed in the tables below. the  to receive one of the  
QCL linkage for below 6GHz after RRC
QCL linkage for above 6GHz after RRC
	Comment by Mihai Enescu: Nokia, R1-1802564, Intel R1-1802405
· If a CSI-RS resource is configured with higher-layer parameter TRS-INFOas CSI-RS for tracking according to Subsection 5.1.6.1.1, the UE should only expect {QCL-TypeC} or {QCL-TypeC and QCL-TypeD} configurations with SS/PBCH block or {QCL-TypeD} with CSI-RS configured with higher-layer parameter [CSI-RS-ResourceRep/for L1-RSRP reporting].	Comment by 박종현/책임연구원/차세대표준(연)ACS팀(jonghyun10.park@lge.com): LGE, R1-1802199
· If a CSI-RS resource is configured without higher-layer parameter TRS-INFO and CSI-RS-ResourceRepas CSI-RS for CSI reporting, the UE should only expect {QCL-TypeA} or {QCL-TypeB} configuration with CSI-RS configured with higher-layer parameter TRS-INFO for tracking or {QCL-TypeD} with CSI-RS configured with higher-layer parameter [CSI-RS-ResourceRep/for L1-RSRP reporting].
· If a CSI-RS resource is configured with higher-layer parameter CSI-RS-ResourceRepas CSI-RS for L1-RSRP reporting according to Subsection 5.1.6.1.2, the UE should only expect {QCL-TypeA} configuration with CSI-RS with higher-layer parameter TRS-INFOfor tracking or {QCL-TypeC and QCL-TypeD} configurations with SS/PBCH block or {QCL-TypeD} with CSI-RS configured with higher-layer parameter [CSI-RS-ResourceRep/for L1-RSRP reporting].
· For the DM-RS of CORESET scheduling the PDSCH, the UE should only expect {QCL-TypeA} configuration with CSI-RS configured with higher-layer parameter TRS-INFOfor tracking or {QCL-TypeA and QCL-TypeD} configuration with SS/PBCH block if UE is not configured with CSI-RS with higher-layer parameter TRS-INFOfor tracking or {QCL-TypeD} with CSI-RS configured with higher-layer parameter [CSI-RS-ResourceRep/for L1-RSRP reporting]
· For the DM-RS of PDSCH, the UE should only expect {QCL-TypeA} configuration with CSI-RS configured without higher-layer parameter TRS-INFO and CSI-RS-ResourceRepconfigured for CSI reporting or {QCL-TypeA} configuration with CSI-RS configured with higher-layer parameter TRS-INFOfor tracking or {QCL-TypeA and QCL-TypeD} configuration with SS/PBCH block if UE is not configured with CSI-RS with higher-layer parameter TRS-INFOfor tracking or {QCL-TypeD} with CSI-RS configured with higher-layer parameter CSI-RS-ResourceRepfor L1-RSRP reporting or {QCL-TypeA and QCL-TypeD} configuration with CSI-RS configured without higher-layer parameter TRS-INFO and CSI-RS-ResourceRep. configured for CSI reporting
If multiple QCL-Type are configured for TCI-RS-Set, the UE should not expect the same QCL-Type configurations
---- Unchanged parts omitted----
5.1.6
[bookmark: _Toc501048172]5.1.6	UE procedure for receiving downlink reference signals
[bookmark: _Toc501048173]5.1.6.1	CSI-RS reception procedure
The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation and L1-RSRP computation. A UE configured with a CSI-RS resource, when configured with the higher layer parameter ResourceConfigType set to ‘periodic’, the quasi co-location configuration is indicated through higher layer signaling of QCL-InfoPeriodicCSI-RS, where the quasi co-location source(s) can be either SS/PBCH block or another periodic CSI-RS.	Comment by Mihai Enescu: LGE, R1-1802204
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for CORESET.	Comment by Mihai Enescu: Ericsson, R1-1802758 
If the UE is configured with CSI-RS in the same OFDM symbol(s) as a CORESET, the UE shall not expect to be configured with CSI-RS and a CORESET in the same PRBs.
If QCL-TypeD is applicable, and the UE is configured with CSI-RS in the same OFDM symbols(s) as a CORESET, the UE should only expectmay assume that the CSI-RS and the PDCCH DMRS transmitted in the CORESET are quasi co-located with QCL-TypeD.	Comment by 박종현/책임연구원/차세대표준(연)ACS팀(jonghyun10.park@lge.com): “may assume”  “should only expect”, since this should be expressed as a pre-requisite condition for allowing such multiplexing, similar to the case of multiplexing b/w CSI-RS and SSB.
The UE shall assume DMRS and CSI-RS are transmitted on the same symbols only when they are spatially QCLed (where applicable).	Comment by Mihai Enescu: VIVO, R1.1801529
[bookmark: _Toc501048174]5.1.6.1.1	CSI-RS for tracking
---- Unchanged parts omitted----
The periodic CSI-RS resources in the CSI-RS resource set with higher layer parameter TRS-INFO set as ‘ON’ have the same periodicity, bandwidth and subcarrier location.
UE should not expect configuration of CSI-RS with higher-layer parameter TRS-INFOfor tracking associated with ReportConfig and configured with MeasRestrictionConfig-time-channel or MeasRestrictionConfig-time-interference.   	Comment by Mihai Enescu: VIVO, R1-1801529
---- Unchanged parts omitted----
The UE may also assume that the antenna port associated with the SS/PBCH block given by the CSI-RS for time/frequency tracking burst configuration and the antenna port associated with the CSI-RS for time/frequency tracking burst are quasi co-located with respect to Doppler shift, average delay and if configured, the spatial Rx parameter.
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}.	Comment by Mihai Enescu: Mediatek, R1-1801671

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}.
---- Unchanged parts omitted----
5.1.6.1.2
5.1.6.1.2	CSI-RS for L1-RSRP computation
If a UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to 'ON', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the resource set are transmitted with the same downlink spatial domain transmission filter QCL-ed w.r.t spatial Rx parameters, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set. If the CSI-RS-ResourceRep is set to 'OFF', the UE may not assume that the CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter QCL-ed w.r.t spatial Rx parameters and with same NrofPorts in every symbol.	Comment by Mihai Enescu: VIVO, R1-1801529, Intel R1-1802405	Comment by Mihai Enescu: VIVO, R1-1801529, Intel R1-1802405
If a UE is configured with the higher layer parameter NrofPorts set to 'two', the UE shall compute a linear average of each CSI-RS port's RSRP. 
---- Unchanged parts omitted----
5.1.1.5.1
---- Unchanged parts omitted----
For each aperiodic CSI-RS resource associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of QCL-Info-AperiodicReportingTrigger which contains a list of references to TCI-RS-SetConfig's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP	Comment by Mihai Enescu: Ericsson, R1-1802758, similar wording from VIVO, R1-1801529, ZTE R1-1801590: which belongs to same or different CC/BWP.
For a UE configured with the higher layer parameter AperiodicReportTrigger, if a Resource Setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic CSI-RS resource sets is associated with the trigger state, a higher layer configured bitmap ResourceSetBitmap is configured per trigger state per Resource Setting to select the CSI-IM/NZP CSI-RS resource set(s) from the Resource Setting.
[bookmark: _Hlk500779216]When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set in the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset. The CSI-RS triggering offset is measured in slots. The UE does not expect that aperiodic CSI-RS is transmitted before the OFDM symbol(s) carrying its triggering DCI. When the spatial QCL assumptions of an Aperiodic CSI-RS and a PDSCH mapped over the same OFDM symbol are different, and the UE cannot simultaneous receive both the PDSCH and CSI-RS using the same spatial filter, the UE is not required to receive the Aperiodic CSI-RS.	Comment by Mihai Enescu: Qualcomm
---- Unchanged parts omitted----
5.2.2.3.1
---- Unchanged parts omitted----
CSI-RS-ResourceRep parameter associated with a CSI-RS resource set defines whether CSI-RS resource are QCLed w.r.t spatial Rx parameters a repetition in conjunction with spatial domain transmission filter is ON/OFF at gNB-side as described in Subclause 5.1.6.1.2.	Comment by Mihai Enescu: VIVO, R1-1801529, Intel R1-1802504
-	QCL-InfoPeriodicCSI-RS contains a reference to a TCI-RS-SetConfig indicating QCL source RS(s). If the TCI-RS-SetConfig is configured with a reference to an RS with QCL-TypeD association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.	Comment by Mihai Enescu: ZTE’s alternative: QCL-InfoPeriodicCSI-RS defines a reference to one TCI-RS-SetConfig in TCI-States for providing the QCL reference signals in the RS set and QCL type for periodic CSI-RS as described in Subclause 5.1.5 If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS can be either an SS/PBCH block or another periodic CSI-RS located in same or different CC/BWP
LGE’s alternative: QCL-InfoPeriodicCSI-RS parameter for periodic CSI-RS configures a reference to one TCI-RS-SetConfig in TCI-States for providing the QCL source and QCL type, where the source can be SS/PBCH block or another periodic CSI-RS.
Ericsson’s alternative: contains a reference to a TCI-RS-SetConfig indicating QCL source RS(s). If the TCI-RS-SetConfig is configured with a reference to an RS with QCL-TypeD association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.
	Comment by Mihai Enescu: Ericsson, VIVO
---- Unchanged parts omitted----
---- Unchanged parts omitted----
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Appendix – Proposals
Proposals from different companies related to this topic are listed in the following:

	Huawei, HiSilicon (R1-1801461)


Proposal 1: A UE shall not assume that two antenna ports are quasi co-located unless specified otherwise.
Proposal 2: For DMRS port grouping, RRC parameters dmrs-group1 or dmrs-group2 should contain the list of DMRS ports.
Proposal 3: NR should capture the following agreement into specification:  
· Each state refers to two RS sets, which indicates a QCL relationship for two DMRS port group (s), respectively.

Text proposal for TS 38.214:
<Unchanged sections omitted>
<Start of first changed section>
5.1.5	Antenna ports quasi-colocation
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]The UE can be configured with up to M TCI-States by higher layer signalling 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 configured TCI state includes one RS set, [TCI-RS-SetConfig1], or two RS sets, [TCI-RS-SetConfig1] and [TCI-RS-SetConfig2]. Each TCI-RS-SetConfig contains parameters for configuring quasi co-location relationship between the reference signals in the RS set and the corresponding DM-RS port group of the PDSCH. 
One or two RS sets, if configured in a TCI state, corresponds to one DMRS port group or two DMRS port groups respectively where the RS set TCI-RS-SetConfig1 corresponds to dmrs-group1 and the RS set TCI-RS-SetConfig2 corresponds to dmrs-group2.
The RS set contains a reference to either one or two DL RSs and an associated quasi co-location type (QCL-Type) for each one configured by the higher layer parameter QCL-Type. 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 indicated to the UE are based on the higher layer parameter QCL-Type and may take one or a combination of the following types: 
-	QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}
-	QCL-TypeB: {Doppler shift, Doppler spread}
-	QCL-TypeC: {average delay, Doppler shift}
-	QCL-TypeD: {Spatial Rx parameter}
<Unchanged sections omitted>

	[bookmark: _Hlk506825649]VIVO (R1-1801529)



[bookmark: OLE_LINK9][bookmark: OLE_LINK10]TPs for 38.211
Proposal 1: TPs for the section 5.2.2.3.1 of 38.211

---- Unchanged parts omitted, section 5.2.2.3.1 of 38.211----
A UE not attempting to detect a PDCCH in a CORESET shall not make any assumptions on the presence or absence of DM-RS in the CORESET.
In absence of CSI-RS or TRS 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 spatial Rx RX parameter where applicable.
---- Unchanged parts omitted ----
TPs for 38.213
Proposal 2: TPs for the section 10.1 of 38.213

---- Unchanged parts omitted, section 10.1 of 38.213----
If a UE has received initial RRC configuration of higher layer parameter TCI-StatesPDCCH containing more than one TCI states but not MAC CE activation for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable. 
If a UE has received higher layer parameter TCI-StatesPDCCH containing a single TCI state, the UE assumes that the DM-RS antenna port associated with PDCCH reception in a UE-specific search space is quasi co-located with the one or more DL RS configured by the TCI state.
---- Unchanged parts omitted ----
Remaining issues and TPs for 38.214
Proposal 3: TPs for the TS 38.214

---- Unchanged parts omitted, section 5.1 of 38.214----
When receiving the PDSCH conveying [SystemInformationBlockType1], a UE may assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.
When receiving the PDSCH conveying [RAR, OSI, Paging, Msg4], the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around these PRBs.
[bookmark: _Hlk506825622]When receiving PDSCH for RMSI or broadcasted Other System Info or paging the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters] Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters where applicable. 

[bookmark: _Hlk506825706][bookmark: _Hlk506825723]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 the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], determined in initial access procedure with respect to [spatial RX parameters] Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters where applicable. 

[bookmark: _Hlk506825765][bookmark: _Hlk506825778]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 the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], determined in initial access procedure with respect to [spatial RX parameters]. Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters where applicable. 
---- Unchanged parts omitted----
Proposal 4: NR should describe QCL-Type configurations clearly between antenna ports in the section 5.1.5 of TS 38.214.
Proposal 5:
· For multiplexing CSI-RS and DMRS, the following rules can be considered,
· Alt1: The UE is not expected to be configured to transmit CSI-RS and DMRS on the same OFDM symbols but they are not spatially quasi co-located.
· Alt2: The UE shall assume only DMRS is transmitted when the UE is configured to transmit CSI-RS and DMRS on the same OFDM symbols but they are not spatially quasi co-located.
· The UE shall assume to receive the CORESET based on the highest priority of TCI state among multiple CORESETs when overlapped without spatially quasi co-located.
· For  the scheduling offset <=k, the default TCI state for PDSCH should be clarified as follows:
· If TCI state of lowest CORESET-ID is not spatially QCL-ed with the configured/indicated TCI states for PDSCH/PDCCH/CSI-RS/SSB, the UE always follows the configured/indicated TCI states.
---- Unchanged parts omitted, section 5.1.5 of 38.214----
[bookmark: _Hlk506880413]If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, 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 where applicable based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE. If TCI state of lowest CORESET-ID is not spatially QCL-ed with the configured/indicated TCI states for PDSCH/PDCCH/CSI-RS/SSB, the UE always follows the configured/indicated TCI states.

---- Unchanged parts omitted----
---- Unchanged parts omitted, section 5.1.6 of 38.214----
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for CORESET.
[bookmark: _Hlk506825847]The UE shall assume DMRS and CSI-RS are transmitted on the same symbols only when they are spatially QCLed (where applicable).
---- Unchanged parts omitted----

---- Unchanged parts omitted, section 5.1.6.1.1 of 38.214----
The periodic CSI-RS resources in the CSI-RS resource set with higher layer parameter TRS-INFO set as ‘ON’ have the same periodicity, bandwidth and subcarrier location.

[bookmark: _Hlk506825897]UE should not expect configuration of CSI-RS for tracking associated with ReportConfig and configured with MeasRestrictionConfig-time-channel or MeasRestrictionConfig-time-interference.   
[bookmark: _Hlk506881368]---- Unchanged parts omitted----

---- Unchanged parts omitted, section 5.1.6.1.2 of 38.214----
[bookmark: _Hlk506825973][bookmark: _Hlk506826028]If a UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to 'ON', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the resource set are transmitted with the same downlink spatial domain transmission filter QCL-ed w.r.t spatial Rx parameters, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set. If the CSI-RS-ResourceRep is set to 'OFF', the UE may not assume that the CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter QCL-ed w.r.t spatial Rx parameters and with  same NrofPorts in every symbol.
---- Unchanged parts omitted----
---- Unchanged parts omitted, section 5.2.1.5.1 of 38.214----
[bookmark: _Hlk506826159]For each aperiodic CSI-RS resource associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of QCL-Info-AperiodicReportingTrigger which contains a list of references to TCI-RS-SetConfig's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS may be an SS/PBCH block or a CSI-RS resource configured as periodic or semi-persistent which belongs to same or different CC/BWP. 
---- Unchanged parts omitted----

---- Unchanged parts omitted, section 5.2.2.3.1 of 38.214----
[bookmark: _Hlk506826239]-	CSI-RS-ResourceRep parameter associated with a CSI-RS resource set defines whether CSI-RS resource are QCLed w.r.t spatial Rx parameters a repetition in conjunction with spatial domain transmission filter is ON/OFF at gNB-side as described in Subclause 5.1.6.1.2.
[bookmark: _Hlk506826290]-	QCL-InfoPeriodicCSI-RS parameter for periodic CSI-RS configures a reference to one TCI-RS-SetConfig in TCI-States for providing the QCL source and QCL type, where the source can be SS/PBCH block or another periodic CSI-RS.
---- Unchanged parts omitted----

	ZTE, Sanechips (R1-1801590)



TP 1: Capture the following correction in section 7.4.1.3.2 of 38.211[4]. 
	· In absence of CSI-RS or TRS 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 spatial RxRX parameters.



TP 2: Capture the following description in section 7.4.1.5.3 of 38.211[4]. 
	The UE shall assume that a CSI-RS is transmitted using antenna ports numbered across CDM groups first in the frequency domain, then in time domain, starting with antenna port 3000. 
[bookmark: _Hlk506880905]The UE shall assume that CSI-RS ports within one resources are QCL-ed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters.



TP 3: Capture the following correction in section 5.1 of 38.214[5]. 
	· 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 with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters[spatial RX parameters] (if configured).
· 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 the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (if configured)[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 the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (if configured)[spatial RX parameters].



TP 4: Capture the following description in section 5.2.1.5.1 of 38.214[5]. 
	· For each aperiodic CSI-RS resource associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in subclause 5.1.5, through higher layer signaling of QCL-Info-AperiodicReportingTrigger which contains a list of references to TCI-RS-SetConfig’s for the aperiodic CSI-RS resources associated with the CSI triggering state. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS may be an SS/PBCH block or a CSI-RS resource configured as periodic or semi-persistent located in same or different CC/BWP.


TP 5: Capture the following description in section 5.2.2.3 of 38.214[5]. 
	· [bookmark: _Hlk506826577]QCL-InfoPeriodicCSI-RS defines a reference to one TCI-RS-SetConfig in TCI-States for providing the QCL reference signals in the RS set and QCL type for periodic CSI-RS as described in Subclause 5.1.5 If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS can be either an SS/PBCH block or another periodic CSI-RS located in same or different CC/BWP.


TP 6: Capture the following description in section 5.1.5 of 38.214[5]. 
	· [bookmark: _Hlk506826674]The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field ‘Transmission Configuration Indication’. After a UE receives initial higher layer configuration of TCI states and before reception and application 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 respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable. After a UE receives higher layer re-configuration of TCI states, the UE may assume that the activated TCI state(s) configured before the re-configuration are remained activated  until reception and application of next activation/deactivation command.


TP 7: Capture the following description in section 10.1 of 38.213[6]. 
	· [bookmark: _Hlk506881147]If a UE has received initial higher layer configuration of more than one TCI states by using higher layer parameter TCI-StatesPDCCH containing more than one TCI states but not MAC CE activation for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable. After a UE receives higher layer re-configuration of TCI states, the UE may assume that the activated TCI state(s) configured before the re-configuration are remained activated until reception and application of next activation/deactivation command.


TP 8: Capture the following description in section 10.1 of 38.213[6]. 
	· A UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0A-PDCCH common search space and associated PDSCH are quasi co-located with the SS/PBCH block with respect to average gain, delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable.


Proposal 1: As a reference RS ID for TCI configuration, TRS should be represented by a CSI-RS resource ID of CSI-RS for tracking. Any of the NZP CSI-RS resource IDs configured in the CSI-RS resource set for tracking can be used as an RS ID for TCI configuration. Update the comment for the RRC parameter TCI-RS-SetConfig:
“DL RS ID can be the ID of a CSI-RS resource (NZP-CSI-RS-ResourceConfigId), an SSB ID, or the ID of a CSI-RS resource configured in a CSI-RS resource set for tracking (TRS)” 

	Mediatek (R1-1801671)



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

[bookmark: _Hlk506826744]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}.

	CATT (R1-1801728)


Proposal: Enumerate the possible combinations of reference RS and QCL type that can be configured in TCI State.
Proposal: To capture the agreement in RAN1 #91 more precisely, modify the description of relationship between the two reference RSs in section 5.1.5 of 214.
Proposal: To capture the agreement on supporting up to 2 DMRS groups, modify the description in section 5.15 of 214.
-------------------------------------------------------------Start of CR for 38.214----------------------------------------------------
 5.1.5	Antenna ports quasi-colocation
The UE can be configured with up to M TCI-States by higher layer signalling 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 configured TCI state includes one or two RS sets TCI-RS-SetConfig. Each TCI-RS-SetConfig contains parameters for configuring quasi co-location relationship between the reference signals in the RS set and the DM-RS port group of the PDSCH. The RS set contains a reference to either one or two DL RSs and an associated quasi co-location type (QCL-Type) for each one configured by the higher layer parameter QCL-Type. For the case of two DL RSs, there is no overlap between the two 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 indicated to the UE are based on the higher layer parameter QCL-Type and may take one or a combination of the following types: 
-	QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}
-	QCL-TypeB: {Doppler shift, Doppler spread}
-	QCL-TypeC: {average delay, Doppler shift}
-	QCL-TypeD: {Spatial Rx parameter}
The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field ‘Transmission Configuration Indication’. After 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 respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable. 
Unaffected parts omitted…
--------------------------------------------------------------END of CR to 38.214--------------------------------------------------


TS 38.211
7.4.1.1.2 Mapping to physical resources
…
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 spatial Rx. 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.
…


--------------------------------------------------------------Start of CR to 38.211----------------------------------------------------
[bookmark: _Toc500952735]7.4.1.1.2	Mapping to physical resources
Unaffected parts 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 spatial RxRX parameters, where applicable. 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 parameters, where applicableRx.
Unaffected parts omitted…
--------------------------------------------------------------END of CR to 38.211---------------------------------------------------

TS 38.214
5.1.5 Antenna ports quasi co-location
…
After 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 respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable.
…


------------------------------------------------------------------END-----------------------------------------------------------------------

	OPPO (R1-1802131)



Suggestion 1: In Section 5.1.5 of TS 38.214, specify that the two QCL types within one RS set should not have any overlap
Suggestion 2: In Section 5.1.5 of TS 38.214, fix the UE behavior for the cases that TCI-PresentInDCI set as 'Disabled'.
Suggestion 3: In Section 5.1.5 of TS 38.214, fix the UE behavior for the cases that the scheduling offset is less than the threshold Threshold-Sched-Offset.
/******************** Start of Text Proposal for Section 5.1.5 of TS 38.214*********************/
· [bookmark: _Toc501048171]5.1.5	Antenna ports quasi-colocation
[bookmark: _Hlk500799851][bookmark: _Hlk500800106][bookmark: _Hlk506827160][bookmark: _Hlk500784100]The UE can be configured with up to M TCI-States by higher layer signalling 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 configured TCI state includes one RS set TCI-RS-SetConfig. Each TCI-RS-SetConfig contains parameters for configuring quasi co-location relationship between the reference signals in the RS set and the DM-RS port group of the PDSCH. The RS set contains a reference to either one or two DL RSs and an associated quasi co-location type (QCL-Type) for each one configured by the higher layer parameter QCL-Type. For the case of two DL RSs, the QCL types shall not be the same contain any common item, regardless of whether the references are to the same DL RS or different DL RSs. The quasi co-location types indicated to the UE are based on the higher layer parameter QCL-Type and may take one or a combination of the following types: 
-	QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}
-	QCL-TypeB: {Doppler shift, Doppler spread}
-	QCL-TypeC: {average delay, Doppler shift}
-	QCL-TypeD: {Spatial Rx parameter}
[bookmark: _Hlk500953403]The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field ‘Transmission Configuration Indication’. After 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 SS/PBCH block determined in the initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable. 
[bookmark: _Hlk506827230]If a UE is configured with the higher layer parameter TCI-PresentInDCI that is set as 'Enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. If When TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. 
[bookmark: _Hlk497994280][bookmark: _Hlk498002628][bookmark: _Hlk500790716][bookmark: _Hlk498589824][bookmark: _Hlk506827346]If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the cases when TCI-PresentInDCI = 'Enabled' and or TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID other than 0 and the CORESET-ID of Beam-failure-Recovery-Response-CORESET in the latest slot in which one or more CORESETs are configured for the UE.
/******************** End of Text Proposal for Section 5.1.5 of TS 38.214*********************/
	LGE (R1-1802204)



Text proposals on 38.214
[bookmark: _Toc500584046]5.1.6.1	CSI-RS reception procedure
[bookmark: _Hlk506827416]The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation and L1-RSRP computation. A UE configured with a CSI-RS resource, when configured with the higher layer parameter ResourceConfigType set to ‘periodic’, the quasi co-location configuration is indicated through higher layer signaling of QCL-InfoPeriodicCSI-RS, where the quasi co-location source(s) can be either SS/PBCH block or another periodic CSI-RS.
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for CORESET.
---- Unchanged parts omitted ----
5.2.2.3.1	Non-zero power CSI-RS
The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer parameter NZP-CSI-RS-ResourceSetConfig 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 higher layer parameter NZP-CSI-RS-ResourceConfig for each CSI-RS resource configuration:
-	NZP-CSI-RS-ResourceConfigId determines CSI-RS resource configuration identity.
-	NrofPorts defines the number of CSI-RS ports, where the allowable values are given inSubclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-timeConfig defines the CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS. 
-	CSI-RS-ResourceMapping defines the OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-Density defines CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].
-	Pc: which is the assumed ratio of PDSCH EPRE to NZPCSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size,
-	Pc_SS: which is the assumed ratio of SS/PBCH block EPRE to NZPCSI-RS EPRE. 
-	ScramblingID: defines scrambling ID of CSI-RS with length of 10 bits
-	CC_Info defines which component carrier the configured CSI-RS is located in.
-	CSI-RS-ResourceRep parameter associated with a CSI-RS resource set defines whether a repetition in conjunction with spatial domain transmission filter is ON/OFF at gNB-side as described in Subclause 5.1.6.1.2.
[bookmark: _Hlk506827497]-	QCL-InfoPeriodicCSI-RS parameter for periodic CSI-RS configures a reference to one TCI-RS-SetConfig in TCI-States for providing the QCL source and QCL type, where the source can be SS/PBCH block or another periodic CSI-RS.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same PRBs, if the CSI-RS and SS/PBCH block are spatial quasi co-located and the higher layer parameter NrofPorts is configured as 1 or 2.
	Intel (R1-1802405)


Text Proposal to TS 38.214
	5.1.5	Antenna ports quasi-colocation
The UE can be configured up to M TCI-States by higher layer signalling 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 configured TCI state includes one RS set TCI-RS-SetConfig. Each TCI-RS-SetConfig contains parameters for configuring quasi co-location relationship between the reference signals in the RS set and the DM-RS port group of the PDSCH. The RS set contains a reference to either one or two DL RSs and an associated quasi co-location type (QCL-Type) for each one configured by the higher layer parameter QCL-Type. 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 indicated to the UE are based on the higher layer parameter QCL-Type and may take one or a combination of the following types: 
-	QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}
-	QCL-TypeB: {Doppler shift, Doppler spread}
-	QCL-TypeC: {average delay, Doppler shift}
-	QCL-TypeD: {Spatial Rx parameter}
The UE receives a selection command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field TCI-states. 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. When the number of TCI states in TCI-States is less than or equal to 8, the DCI field TCI-states directly indicates the TCI state.
If a UE is configured with the higher layer parameter TCI-PresentInDCI is set as 'Enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. If TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical wo the TCI state applied for the CORESET used for the PDCCH transmission. 
If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the case when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled' If the offset is less than a threshold, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi-colocation indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
UE should expect only the following QCL-Type configurations in TCI-RS-Set:
· If CSI-RS is configured as CSI-RS for tracking according to Subsection 5.1.6.1.1, UE should only expect {QCL-TypeC} or {QCL-TypeC, QCL-TypeD} configurations with SS/PBCH block or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting 
· If CSI-RS is configured as CSI-RS for CSI reporting, UE should only expect {QCL-TypeA} or {QCL-TypeB} configuration with CSI-RS for tracking or {QCL-TypeB} configuration with SS/PBCH block or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting 
· If CSI-RS is configured as CSI-RS for L1-RSRP reporting according to Subsection 5.1.6.1.2, UE should only expect {QCL-TypeA} configuration with CSI-RS for tracking or {QCL-TypeC, QCL-TypeD} configurations with SS/PBCH block or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting 
· For the DM-RS of CORESET scheduling the PDSCH UE should only expect {QCL-TypeA} configuration with CSI-RS for tracking or {QCL-TypeA, QCL-TypeD} configuration with SS/PBCH block if UE is not configured with CSI-RS for tracking or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting
· For the DM-RS of CORESET scheduling the PDSCH UE should only expect {QCL-TypeA} configuration with CSI-RS for tracking or {QCL-TypeA, QCL-TypeD} configuration with SS/PBCH block if UE is not configured with CSI-RS for tracking or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting
· For the DM-RS of PDSCH UE should only expect {QCL-TypeA} configuration with CSI-RS configured for CSI reporting or {QCL-TypeA, QCL-TypeD} configuration with SS/PBCH block if UE is not configured with CSI-RS for tracking or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting or {QCL-TypeA, QCL-TypeD} configuration with CSI-RS configured for CSI reporting
If multiple QCL-Type is configured for TCI-RS-Set, UE should not expect the same QCL-Type configurations.



	[bookmark: _Toc501048175][bookmark: _Toc501048197]5.1.6.1.2	CSI-RS for L1-RSRP computation
If a UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to 'ON', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the resource set are transmitted with the same downlink spatial domain transmission filterQCL-ed wrt to spatial Rx parameters, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set. If the CSI-RS-ResourceRep is set to 'OFF', the UE may shall not assume that the CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filterQCL-ed wrt to spatial Rx parameters and should not expect configuration with same NrofPorts in every symbol.
…
5.2.2.3	Reference signal (CSI-RS) 
[bookmark: _Toc501048198]5.2.2.3.1	Non-zero power CSI-RS
The UE can be configured with one or more non-zero power CSI-RS resource set configuration(s) as indicated by the higher layer parameter ResourceSetConfig Each resource set consists of K≥1 non-zero power CSI-RS resource(s).
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via higher layer parameter NZP-CSI-RS-ResourceConfig for each CSI-RS resource configuration:
-	NZP-CSI-RS-ResourceConfigId determines CSI-RS resource configuration identity.
-	…
[bookmark: _Hlk498332433][bookmark: _Hlk497931989]-	CSI-RS-ResourceRep parameter associated with a CSI-RS resource set defines whether CSI-RS resource are QCL-ed a repetition in conjunction with spatial domain transmission filter is ON/OFF at gNB-sidewrt to spatial Rx parameters as described in Subclause 5.1.6.1.2.
-	QCL-InfoPeriodicCSI-RS
[bookmark: _Hlk498496053][bookmark: _Hlk497309579]The UE may be configured the CSI-RS in same OFDM symbols as CORESET, but not in the same resource elements.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements, if the higher layer parameter NrofPorts is configured as 1 or 2.




Text Proposal to TS 38.211
	[bookmark: _Toc500952616]4.4.1	Antenna ports
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 
[bookmark: _Hlk506881692]For DM-RS associated with PDSCH and CSI-RS there are limits given below within which the channel can be inferred from one symbol to another symbol on the same antenna port
-	For DM-RS associated with PDSCH the channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are within the same scheduled PDSCH and in the same PRG as described in 3GPP TS 38.214 Section X.
-	For CSI-RS for CSI the channel over which a symbol on one of antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only when the channel measurement restriction is not configured as described in 3GPP TS 38.214 Section Y.
Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. 




	Nokia (R1-1802564)


Proposal: capture the QCL RS rules in the 38.214 specification.
A UE should expect only the following QCL-Type configurations in TCI-RS-Set:
· If CSI-RS is configured as CSI-RS for tracking according to Subsection 5.1.6.1.1, the UE should only expect {QCL-TypeC} or {QCL-TypeC and QCL-TypeD} configurations with SS/PBCH block or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting.
· If CSI-RS is configured as CSI-RS for CSI reporting, the UE should only expect {QCL-TypeA} or {QCL-TypeB} configuration with CSI-RS for tracking or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting.
· If CSI-RS is configured as CSI-RS for L1-RSRP reporting according to Subsection 5.1.6.1.2, the UE should only expect {QCL-TypeA} configuration with CSI-RS for tracking or {QCL-TypeC and QCL-TypeD} configurations with SS/PBCH block or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting.
· For the DM-RS of CORESET scheduling the PDSCH, the UE should only expect {QCL-TypeA} configuration with CSI-RS for tracking or {QCL-TypeA and QCL-TypeD} configuration with SS/PBCH block if UE is not configured with CSI-RS for tracking or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting
· For the DM-RS of PDSCH, the UE should only expect {QCL-TypeA} configuration with CSI-RS configured for CSI reporting or {QCL-TypeA} configuration with CSI-RS for tracking or {QCL-TypeA and QCL-TypeD} configuration with SS/PBCH block if UE is not configured with CSI-RS for tracking or {QCL-TypeD} with CSI-RS configured for L1-RSRP reporting or {QCL-TypeA and QCL-TypeD} configuration with CSI-RS configured for CSI reporting
If multiple QCL-Type are configured for TCI-RS-Set, the UE should not expect the same QCL-Type configurations


	Ericsson (R1-1802758)


Clarifying corrections for TS 38.214
Section 5.1.5
>>> Start text proposal for Section 5.1.5 of 38.214>>>
After 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 respect to Doppler shift, Doppler spread, average delay, delay spread and spatial Rx parameters when where applicable.
>>> End text proposal >>>
Section 5.1.6.1
As above, and in several other endorsed text proposals for 38.214, there has been an attempt to clarify that spatial QCL only holds “when applicable,” e.g., at mm-wave frequencies. Here we propose the same thing for the multiplexing rule between CSI-RS and a CORESET:
>>> Text proposal for Section 5.1.6.1 of 38.214 >>>
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for CORESET.
[bookmark: _Hlk506827889]If the UE is configured with CSI-RS in the same OFDM symbol(s) as a CORESET, the UE shall not expect to be configured with CSI-RS and a CORESET in the same PRBs.
If QCL-TypeD is applicable, and the UE is configured with CSI-RS in the same OFDM symbols(s) as a CORESET, the UE may assume that the CSI-RS and the PDCCH DMRS transmitted in the CORESET are quasi co-located with QCL-TypeD.
>>> End text proposal >>>
Section 5.2.1.5.1 
We have this agreement from meeting #90bis :
 Agreement: 
The following P/SP/AP CSI-RS signaling options are supported:
	QCL parameter
	Reference RS
	Target RS
	Signalling mode
	Reference RS and Target RS should belong to the same CC/BWP or not

	Spatial
	SSB
	P CSI-RS
	RRC

	Can be on different CCs/BWPs

	Spatial
	SSB
	SP CSI-RS
	SP CSI-RS activation signal 

	Can be on different CCs/BWPs

	Spatial
	P CSI-RS
	Another P CSI-RS
	RRC

	Can be on different CCs/BWPs

	Spatial
	SSB or P/SP CSI-RS
	AP CSI-RS
	RRC or RRC+MAC CE for configuration,
indication with DCI 
	Can be on different CCs/BWPs



In RAN1 NR Adhoc 1801, it was pointed out that the “can be in different CCs/BWPs” aspect of the above agreement was not captured in 38.214. Hence, a fix was proposed and subsequently endorsed for semi-persistent CSI-RS in Section 5.2.1.5.2 of 38.214 [1]. However, the same was not captured for the case of aperiodic and periodic CSI-RS.
For the case of aperiodic CSI-RS we propose the following to capture the above agreement:
>>> Text proposal for Section 5.2.1.5.1 of 38.214 >>>
5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
[bookmark: _Hlk505938657]For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter ResourceConfigType set to 'aperiodic', trigger states for Reporting Setting(s) and/or Resource Setting for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter AperiodicReportTrigger. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with either candidate DL BWP. A UE is not expected to receive more than one aperiodic CSI report request for a given slot. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the CSI request field in DCI.
-	When all the bits of CSI request field in DCI are set to  zero, no CSI is requested.





-	When the number of configured CSI triggering states in AperiodicReportTrigger is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a selection command [10, TS 38.321] used to map up to  trigger states to the codepoints of the DCI CSI request field.  is configured by the higher layer parameter ReportTriggerSize and .

-	When the number of CSI triggering states in AperiodicReportTrigger is less than or equal to , the  CSI request field in DCI directly indicates the triggering state and the UE's quasi co-location assumption.
[bookmark: _Hlk506827964]-	For each aperiodic CSI-RS resource associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of QCL-Info-AperiodicReportingTrigger which contains a list of references to TCI-RS-SetConfig's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP.
[bookmark: _Hlk506291314]>>> End text proposal >>>
Section 5.2.2.3.1
For the case of periodic CSI-RS, we propose to capture the above agreement as follows. We note that for p-CSI-RS, QCL is indicated by RRC, and the relevant RRC parameter is QCL-InfoPeriodicCSI-RS. This parameter is briefly mentioned in 38.214 is in Section 5.2.2.3.1; this proposal makes it more complete:
>>> Text proposal for Section 5.2.2.3.1 of 38.214 >>>
5.2.2.3.1	Non-zero power CSI-RS
The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer parameter NZP-CSI-RS-ResourceSetConfig 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 higher layer parameter NZP-CSI-RS-ResourceConfig for each CSI-RS resource configuration:
-	NZP-CSI-RS-ResourceConfigId determines CSI-RS resource configuration identity.
-	NrofPorts defines the number of CSI-RS ports, where the allowable values are given inSubclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-timeConfig defines the CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS. 
-	CSI-RS-ResourceMapping defines the OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-Density defines CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].
-	Pc: which is the assumed ratio of PDSCH EPRE to NZPCSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size,
-	Pc_SS: which is the assumed ratio of SS/PBCH block EPRE to NZPCSI-RS EPRE. 
-	ScramblingID: defines scrambling ID of CSI-RS with length of 10 bits
-	CC_Info defines which component carrier the configured CSI-RS is located in.
-	CSI-RS-ResourceRep parameter associated with a CSI-RS resource set defines whether a repetition in conjunction with spatial domain transmission filter is ON/OFF at gNB-side as described in Subclause 5.1.6.1.2.
[bookmark: _Hlk506828088]-	QCL-InfoPeriodicCSI-RS contains a reference to a TCI-RS-SetConfig indicating QCL source RS(s). If the TCI-RS-SetConfig is configured with a reference to an RS with QCL-TypeD association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.
>>> End text proposal >>>
	Qualcomm (R1-1802832)



Proposal 1:  When the UE cannot simultaneously the PDCCH and PDSCH using the same spatial filter, a priority order shall be defined for determination of QCL parameters when unicast PDSCH and configured CORESET are frequency division multiplex over the same OFDM symbol. Support the following TP in Section 5.1 of 214
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
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 the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to [spatial RX parameters].
[bookmark: _Hlk506828135]A priority rule shall be defined when UE cannot simultaneously receive both PDCCH and PDSCH using the same spatial filter. When a CORESET is associated to a [URLLC QoS] set via higher layer signalling, UE shall monitor the CORESET with quasi co-location parameters associated with the configured TCI state for the CORESET. 
When unicast PDSCH is to be received by the UE in the same OFDM symbol containing a search space associated with the CORESET, and the CORESET is not associated with a [URLLC QoS] set via higher layer signalling, quasi-colocation parameters associated with the PDSCH takes precedence and the UE shall receive the PDSCH with its associated quasi co-location parameters. The UE is not expected to monitor this CORESET for PDCCH. Additionally, UE may assume that no PDCCH is transmitted in the REs indicated to receive unicast PDSCH conveyed by a PDCCH.  
------------------------------------------------------------- End of change ----------------------------------------------------------------
Proposal 2: For indication of QCL assumptions for multiple DMRS port groups, NR shall support MAC-CE based mapping of pairs to TCI state to N bit DCI field. Support the following TP in Section 5.1.5 of 214
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states or 8 TCI state pairs to the codepoints of the DCI field ‘Transmission Configuration Indication’. After a UE receives higher layer configuration of TCI states or TCI state pairs 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 respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable.
If a UE is configured with the higher layer parameter TCI-PresentInDCI that is set as 'Enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. If TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. 
[bookmark: _Hlk506828259]If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. If the ‘Transmission Configuration Indication’ field is associated with a TCI state pair, the UE may assume that the antenna ports of the first DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameters(s) given by the first TCI state in the pair, and the UE may assume that the antenna ports of the second DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameters(s) given by the second TCI state in the pair 
For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one all the DM-RS port groups of  PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
------------------------------------------------------------- End of change ----------------------------------------------------------------
Proposal 3: If UE decodes a DL DCI within Threshold-Sched-Offset slots of the SSB-carrying slot, where the DCI allocates PDSCH in the SSB-carrying slot, then this PDSCH is rate-matched around the OFDM symbols on which the SSB is transmitted.  
Exception to this rate-matching rule is made for PDSCH conveying RMSI, OSI, paging, RAR (for which rate-matching exceptions are already included in spec.)  
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
If the UE has received a SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, 
· the UE assumes SS/PBCH block transmission according to the SSB-transmitted
else, 
· the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1. 
and iIf the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources,
if the offset between the reception of the DL DCI and the corresponding PDSCH is greater than or equal to the threshold Threshold-Sched-Offset, 
· the UE shall assume that PDSCH is rate matched around these PRBs. 
else,
· the UE shall assume that PDSCH is rate matched around the OFDM symbols on which SS/PBCH blocks are transmitted. 
The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.
If the UE has received a SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to the SSB-transmitted, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around these PRBs. The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.
------------------------------------------------------------- End of change ----------------------------------------------------------------
Proposal 4.1: Adopting TCI state/QCLed RS of SPS PDSCH DMRS from the active TCI state of a suitable CORESET is supported.
Alt 1: TCI state of each SPS PDSCH transmission is the default PDSCH TCI state associated with that transmission time
Alt 2: TCI state/QCLed RS of each SPS PDSCH transmission occuring Threshold-Sched-Offset slots after the SPS activation DCI, is adopted from the current active TCI state of the ‘scheduling’ CORESET. Here, ‘current’ refers to the time of the beginning of each SPS-PDSCH-carrying slot.
Proposal 4.2: Support Alt-1. I.e., TCI state of each SPS PDSCH transmission is the default PDSCH TCI state associated with that transmission time. 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
[bookmark: _Hlk506828531][bookmark: _Hlk506828455]The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field ‘Transmission Configuration Indication’. After 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 respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable. Subsequently, the UE determines PDSCH antenna port quasi co-location as follows:
If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, or
if PDSCH is semi-persistently scheduled,
· the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
If a UE is configured with the higher layer parameter TCI-PresentInDCI that is set as 'Enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. else, If if TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, 
· for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. 
else, if a UE is configured with the higher layer parameter TCI-PresentInDCI that is set as 'Enabled' for the CORESET scheduling the PDSCH, 
· the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. 
· If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
------------------------------------------------------------- End of change ----------------------------------------------------------------
Proposal 4.3: When TCI state/QCLed RS of PDSCH is adopted from the active TCI state of a CORESET, it is the current active TCI state of the CORESET. Here, ‘current’ refers to the time of the beginning of PDSCH-carrying slot.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
[bookmark: _Hlk506828639]If TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the current TCI state applied for the CORESET used for the PDCCH transmission, where the current TCI state is the state at the beginning of the slot carrying the PDSCH. 
If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the current TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
------------------------------------------------------------- End of change ----------------------------------------------------------------
Proposal 5: When an AP CSI-RS and a PDSCH are FDMed in the same OFDM symbol, and the UE can not simultaneously receive both PDSCH and CSI-RS using the same spatial filter, UE is not required to receive or process the Aperiodic CSI-RS.  Support the following TP in subclause 5.2.1.5.1 of 214
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set in the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset. The CSI-RS triggering offset is measured in slots. The UE does not expect that aperiodic CSI-RS is transmitted before the OFDM symbol(s) carrying its triggering DCI. When the spatial QCL assumptions of an Aperiodic CSI-RS and a PDSCH mapped over the same OFDM symbol are different, and the UE can not simultaneous receive both the PDSCH and CSI-RS using the same spatial filter, the UE is not required to receive the Aperiodic CSI-RS.
------------------------------------------------------------- End of change ----------------------------------------------------------------
Proposal 6.1: PUSCH scheduled by UL grant that includes SRI is QCL with the SRS indicated by the SRI.
Proposal 6.2: If only one SRS resource is configured, SRI is assumed to be implicitly present and pointing to that SRS resource, for the purpose of determining PUSCH beam. 
Proposal 6.3: For PUSCH without associated SRI, i.e., (a) when SRS is not configured, or (b) PUSCH is scheduled with DCI format 0_0 and Nsrs>1 SRS resources are configured, or (c) for UL SPS or grant-free PUSCH; the transmit beam to be used is that of a recent semistatically configured PUCCH resource.
· ‘Recent’ may be defined based on the last OFDMsymbol in the resource, or on an indexing of resources in the most recent slot (similar to the use of PDCCH coreset indexing for defining the default beam for PDSCH)
· If SR resource is used for this purpose, its use is not conditioned on whether or not an SR was actually transmitted on the SR resource
· Proposal 6.4: For PDSCH or PUSCH with slot-repetition, all slots share the same QCL/beam. PUSCH beam determination is independent of whether PUSCH carries UCI, SCH data, or both.
· Proposal 6.5: After RACH procedure, until RRC configuration and MAC CE activation allows default beams to be based on PDCCH CORESETs or PUCCH resources, the beams identified during RACH procedure serve as default. These are the beam of SSB identified by the UE for DL, and the beam of the PRACH or msg3 transmission that led to completion of RACH procedure for UL.
· Proposal 7: NR shall specify the combination of allowed QCL types between the RSs, that it is expected to be signalled during connected mode operation.  Support addition of the following Text Proposal in Section 
· --------------------------------------------------------- Beginning of change -------------------------------------------------------------
· [bookmark: _Hlk506828822]During Connected mode operation UE may receive QCL indication between a source RS and a Target RS with respect to the QCL parameters as shown in the tables below. UE in connected mode operation is not expected to receive any other combination of QCL indication between a Source RS and a target RS, other than listed in the tables below. the  to receive one of the  
· QCL linkage for below 6GHz after RRC
	Source RS
	Target RS
	Signalling

	SSB 
	TRS
	QCL type: C

	TRS 
	CSI-RS for CSI acquisition
	QCL type: A or
QCL Type B

	TRS or CSI-RS 
	DMRS
	QCL type: A


· QCL linkage for above 6GHz after RRC
	Source RS
	Target RS
	signalling

	SSB 
	TRS
	QCL type: C + D

	TRS 
	CSI-RS for Beam Management/CSI-RS for CSI or DMRS for PDCCH/PDSCH
	QCL type: A

	SSB 
	CSI-RS for BM
	QCL type: C+D 

	SSB 
	CSI-RS for CSI
	QCL type: D 

	SSB 
	DMRS for PDCCH/PDSCH before TRS Configuration
	QCL type: A+D

	CSI-RS for BM
	DMRS for PDCCH/PDSCH
Or CSI-RS for TRS/Beam Management/CSI
	QCL type: D

	CSI-RS for CSI 

	DMRS for PDSCH
	QCL type: A+D
Note: QCL parameters may not be derived directly from CSI-RS for CSI


------------------------------------------------------------- End of change ----------------------------------------------------------------
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