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1 Introduction
In this contribution we propose corrections to the QCL description. In particular, we propose to introduce restriction on the signalling of QCL types for different reference signals in RAN1 specification according to the agreements made in RAN#91 meeting, clarify the UE assumption for CSI-RS resource transmitted with repetition “ON” and “OFF” by using QCL assumption at the UE, introduce additional restrictions on the usage of CSI-RS resource for QCL purpose which are associated with channel measurement restrictions and, finally, clarify additional constraints when the channel for a given antenna port can be inferred from one symbol to another for DM-RS and CSI-RS reference signals. 
2 Summary of the proposed corrections 
QCL type configuration 

QCL type can be flexibly configured for the UE according to TS 38.214 [1]. However agreements made in RAN1#91 supports only limited QCL type configurations for each type of the source and target reference signals. Although signalling restriction can be also introduced as part of RRC specification, it would be more straightforward and future proof to capture them as part of TS 38.214 specification.
QCL assumption for CSI-RS resources with repetition “ON/OFF”
According to current description in TS 38.214 [1], CSI-RS for beam management can be configured with CSI-RS-ResourceRep parameter. Current definition of this parameter as spatial domain transmission filter is “ON” or “OFF” at gNB-side is ambiguous and doesn’t convey any information to the UE regarding QCL properties of the received reference signal wrt to spatial Rx parameters. It is, therefore, proposed to replace the corresponding description with QCL assumption wrt to spatial Rx parameters. 
We note that the proposed principle of indicating the same Tx beamforming using QCL assumption was already used for SS/PBCH block transmission description as captured in TS 38.211 [2]:
	The UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions.


Usage of CSI-RS resources with measurement restriction (MR)
TS 38.214 [1] supports CSI-RS configuration with channel measurement restrction for the QCL usage. On the other hand, support of measurement restrction is mainly defined for CSI-RS resource transmitted by using different beamforming / precoding on different time occasion, where QCL parameters of the transmitted CSI-RS resource may change. In this case it is not desirable to use the corresponding CSI-RS for QCL purpose with other RS (e.g. DM-RS of PDSCH) to avoid inconsistent UE behavior. 
Antenna port 
 The antenna port definition in TS 38.211 [1] should have constraints on applicability of the antenna port assumption for DM-RS and CSI-RS across time and frequency resources. 
3 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.


	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) 

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.

-
…

-
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
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.




4 Text Proposal to TS 38.211

	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
-
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. 




5 Summary

In this contribution we propose corrections to the QCL and antenna port description. In particular, we propose to introduce restriction on the signalling of QCL types for different reference signals to TS 38.214. We also propose to introduce additional restrictions on the usage of CSI-RS for QCL purpose which is configured with channel measurement restriction and clarify UE assumption on QCL for CSI-RS resource sets configured with repetition “ON”/”OFF”. Finally, additional constraints when the channel for a given antenna port can be inferred from one symbol to another is also provided for DM-RS and CSI-RS reference signals to TS 38.211.
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