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Introduction
In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1 AH1801 meeting.  There are some remaining details on QCL which need to be refined or updated in the specification. We provide our proposals on QCL related issues in this contribution.
Discussion
QCL indication in 38.211
In RAN1#91 meeting, there was an agreement as follows [1] to elaborate the QCL relationship between SSB and DM-RS of PDCCH and PDSCH in case of absence of CSI-RS and TRS, e.g., before RRC or after RRC without TRS configuration.
· [bookmark: _Hlk493580546]RS combinations holding QCL assumptions after RRC, for one CC:
· 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 PDCCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
· QCL linkage for before RRC
· 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)
· 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)
Meanwhile, it’s also agreed that TRS is configured as a CSI-RS resource set and the dedicated definition for TRS is also removed from latest 38.211. However, the terminology of TRS is still used in current spec. The corresponding correction, i.e., deleting the TRS, should also be captured in section 7.4.1.3.2 of 38.211 for making TS clear. 
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.


[bookmark: _Toc500952748]
In RAN1#89 meeting, there was an agreement as follows [2] to describe the QCL assumption for the CSI-RS port within one resource:
· 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
Since no further agreements have been achieved yet on how to standardize the second QCL type, i.e., Not QCL-ed, the corresponding description for the first QCL type should be captured in the spec for highlighting that only QCLed CSI-RS port within a resource is supported in the current stage. 
TP 2: Capture the following description in section 7.4.1.5.3 of 38.211[4]. 
	[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 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.


QCL indication in 38.214
[bookmark: _Toc500966087]As shown in the agreement listed in section 2.1, before RRC connection, the DM-RS of PDSCH is assumed to be QCLed with SSB block w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz).  However, in current spec, only the spatial Rx parameter is listed in the bracket. So the corresponding correction, i.e., replacing the spatial Rx parameters by mentioned parameters before, should also be captured in section 5.1 of 38.214 to align with the previous agreements. 
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].



In RAN1#90bis meeting [3], the following agreement has been achieved to elaborate the allowable QCL association between specific reference resource and CSI-RS with different time behavior w.r.t spatial RX parameter. 
· The following P/SP/AP CSI-RS signaling options are supported:
	QCL parameter
	Reference RS
	Target RS
	Signaling 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


However, the above limitation is missing in current spec when describing the corresponding QCL assumption for periodic, semi-persistent and aperiodic CSI-RS. Moreover, no detailed explanation is listed for the RRC parameters QCL-InfoPeriodicCSI-RS in section 5.2.2.3 of 38.214.  For avoiding the potential error configuration of the reference RS in RS set within corresponding TCI for CSI-RS, the modifications to include the above restriction and explanation should be added in current spec.
Additionally, in current agreement, only SSB can be considered as a reference providing for spatial parameter, which is not enough for the case that SSB may not be transmitted. Besides, if the periodic/Semi persistent CSI-RS is configured for initial beam training, e.g., P1, the further refinement cannot work if the P/SP-CSI-RS is not allowed as the reference for SP CSI-RS. Consequently, further agreements to introduce the additional reference for semi-persistent should be considered.
Proposal 1: Periodic and semi-persistent CSI-RS can be configured as a reference providing spatial Rx parameter for SP CSI-RS.
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-aPeriodicReportingTriggerQCL-Info-aPerodicReportingTrigger 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 5.2.1.5.2 of 38.214[5]. 
	· when a UE receives an activation command [10, TS 38.321] for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s) in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions (including quasi-co-location assumptions provided by a reference to a TCI-RS-SetConfig) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied no later than the minimum requirement defined in [10, TS 38.133]. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/BWP


TP 6: Capture the following description in section 5.2.2.3 of 38.214[5]. 
	· 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.
· 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.



In RAN1#91 meeting [1], the following agreements have been made to elaborate the detailed mechanism for QCL indication for PDSCH:
· 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
· 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
In current spec, the consideration of UE capability is missing and the usage of MAC command is limited to certain case which is not align with agreement above. For aligning with achieved agreement, the aforementioned consideration should be included to make the TS correct.
TP 7: Capture the following correction in section 5.1.5 of 38.214[5]. 
	· The UE receives a selection command [10, TS 38.321] used to map R TCI states, which is no more than 8 and depends on the UE capability, to the codepoints of the DCI field TCI-state8 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.


Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: _GoBack]In this contribution, we provide several TPs on QCL related issue to the current NR specifications. In addition, we have the following proposal.
Proposal 1: Periodic and semi-persistent CSI-RS can be configured as a reference providing spatial Rx parameter for SP CSI-RS.
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