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Introduction
In RAN#79 meeting, the updated NR specifications after RAN1#92 meeting were endorsed. It has been agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications in RAN1#92bis and RAN1#93 meetings since there are still some remaining issues to be solved. Our proposals and TPs on QCL related issues are provided in this contribution.
Discussion
QCL within a CSI-RS resource 
[bookmark: _Toc500952748]In RAN1#89 meeting, there was an agreement as follows [1] 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 1: Capture the following description in section 7.4.1.5.3 of 38.211[2]
	[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.


[bookmark: _GoBack]QCL for Type0A-PDCCH 
It was discussed in RAN1 AH1801 whether to include average gain in QCL information for the reception of Type0A-PDCCH following the agreement in from initial access session.  Similar to LTE, the following definition of QCL relationship between two antenna ports is included in [3]:
· 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. 
Average gain mainly refers to channel gain of experienced channel for certain RS, which can be reflected by the estimated SNR. If two RSs are assumed to be QCLed w.r.t average gain, this means that the estimated SNR from reference RS can be used for reception and demodulation based on target RS if the same transmission power, e.g., EPRE is shared between two RSs for SNR estimation.
So it’s beneficial to capture it in the spec since the additional information w.r.t channel gain inherited from reference signal can enhance the performance of SNR estimation and demodulation.
TP 2: Capture the following description in section 10.1 of 38.213[4]. 
	· 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.


Configuration of TRS as a reference in TCI 
In RAN1#91 meeting, the TCI structure which is adopted for the QCL configuration is agreed as follow:
· 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 
According to the agreement, the ID of reference RS, along with corresponding QCL type is configured in one RS set within in TCI state.  In the comment of the RRC parameter TCI-RS-SetConfig in the RRC parameter list sent to RAN2 has the following description:
“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 set (TRS)” 
However, RAN1 did not have any agreement to use a CSI-RS resource set ID as a DL RS ID for TCI configuration.  .  Considering that all the CSI-RS(s) for tracking within one set share the same antenna port, periodicity, bandwidth and subcarrier location, instead of resource set ID , any of the NZP CSI-RS resource IDs configured in the resource set for tracking can be used as an RS ID for TCI configuration. 
In addition, the following description has been agreed to be captured in the spec after RAN1#92:
· If a CSI-RS resource is in a CSI-RS resource set configured with higher-layer parameter TRS-INFO, the UE should only expect {QCL-TypeC} or {QCL-TypeC and QCL-TypeD} configurations with SS/PBCH block or {QCL-TypeD} with a CSI-RS resource in a CSI-RS resource set configured with higher-layer parameter CSI-RS-ResourceRep.
It can be observed that the reference of TCI is a CSI-RS resource instead of CSI-RS resource set in the description.  In order to align the description in RAN1 spec, we have the following proposal:
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:
	RRC parameter
	Description
	Value range
	Comments

	TCI-RS-SetConfig
	Contains parameters for configuring an RS set within a TCI state, e.g., which RSs, which QCL parameters, etc.
	{{DL RS ID 1, QCL-Type 1}, {DL RS ID 2, QCL-Type 2}}
or
{DL RS ID 1, QC-Type 1}
	Contained in TCI-States and TCI-StatesPDCCH

DL RS ID can be the ID of a CSI-RS resource (NZP-CSI-RS-ResourceConfigId), or an SSB ID, or the ID of a CSI-RS resource set (TRS)
where the CSI-RS resource ID can be a resource ID configured in a CSI-RS resource set configured with TRS-Info or with CSI-RS-ResourceRep


Applicable QCL indication within the gap of TCI activation/deactivation via MAC CE 
MAC CE signaling is introduced in NR for QCL indication by activation/deactivation one or more TCI states for PDCCH or PDSCH based on the corresponding RRC configuration in the similar manner as other MAC-CE operation in LTE, e.g., activation/deactivation of CSI-RS and Scell in CA (carrier aggregation). In these cases, as defined in [[6], RRC configurations are assumed to be initially deactivated and which cannot be used unless the completion of corresponding activation procedure via MAC CE.

Regarding UE behavior between RRC reconfiguration and MAC-CE reactivation, it was discussed in RAN1 AH1801 but no conclusion has been reached.  It should be clarified that the TCI state(s) already activated by MAC-CE should not be affected by RRC reconfiguration of any TCI states until deactivation or re-activation MAC-CE signaling is received and applied, i.e., the content of the MAC-CE activated TCI state(s) should still be used for QCL indication of PDCCH and for the 3-bit TCI table in DCI for QCL indication of PDSCH before next MAC-CE signaling is applied.  As shown in Figure 1, an example of PDCCH transmission is illustrated following the principles below:
1. Within the time duration from initial RRC configuration of TCI states for PDCCH/PDSCH to the completion of MAC activation, e.g., from t0 to t1, the SSB identified in initial access is used as the reference RS for QCL indication since no other associations are available. 
2. In case of reconfiguration, the TCI (i.e., TCI k|RS f) used before RRC reconfiguration (at t2 shown below), is still activated and can be used for QCL indication until the completion of next activation, e.g., from t1 to t3.
[image: ]
[bookmark: _Ref506046012]Figure 1 Illustration of PDCCH transmission with configured TCI
To avoid the potential confusion on the TCI configuration for PDCCH/PDSCH, the clarification of above procedures should be captured in current spec. 
TP 3: Capture the following description in section 5.1.5 of 38.214[5]. 
	· [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 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 4: Capture the following description in section 10.1 of 38.213 [4]. 
	· If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH containing more than one TCI states but has not received a 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.



Clarification of “ON/OFF” for CSI-RS-ResourceRep
In [7], it was discussed whether to change the definition of the CSI-RS with CSI-RS-ResourceRep=ON.  In the current spec, the description of repetition in CSI-RS resource set for L1-RSRP computation (i.e. for BM) is different from the description for repetition for tracking. The repetition for tracking is described by the same antenna port but the repetition for BM is described by the same downlink spatial transmission filter.  There were some proposals to change it to description based on QCL instead of spatial domain transmission filter. There are two issues as described below:
· The first issue is the specification should describe what UE is expected to observe from the repeated resource.  It should not mandate the gNB behavior on how it achieves the repetition.   
· If the description for BM and tracking is different, it implies that the meanings of these two repetition schemes are also different. This may imply that the repetition for BM has different requirement on repetition.  With the current description, it is unclear whether it is tighter requirement or less tight. If it is less tight, it is not desirable for the UE to perform beam sweeping if the channel observed from different repeated resources can be different.  The comparison would not be fair.  It has the same issue if it is changed to QCL based description.
Regarding whether to use the same periodicity and number of CSI-RS ports for L1-RSRP computation, it’s unclear in the current description whether UE may assume the CSI-RS resources within the resource set are transmitted  with same periodicity in CSI-RS-timeConfig and NrofPorts in every symbol if CSI-RS-ResourceRep is set to‘OFF’. In our view, it is better to configure the same number of CSI-RS ports and periodicity for beam management. This is useful to get fair RSRP comparison and reduce UE complexity. So the description on the same periodicity and number of ports should be applied to both ‘ON’ and ‘OFF’ cases.
[bookmark: _Toc501048175]TP 5：The text in {38.214：5.1.6.1.2	CSI-RS for L1-RSRP computation }
	The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set.
If a UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to ‘ON’, the UE may shall assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same.  the CSI-RS resources, described in section 5.2.2.3.1, within the resource set are transmitted with the same downlink spatial domain transmission filter, 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 antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is samethe CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter and with same NrofPorts in every symbol.



Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide several TPs on QCL related issues to the current NR specifications and following proposal:
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:
	RRC parameter
	Description
	Value range
	Comments

	TCI-RS-SetConfig
	Contains parameters for configuring an RS set within a TCI state, e.g., which RSs, which QCL parameters, etc.
	{{DL RS ID 1, QCL-Type 1}, {DL RS ID 2, QCL-Type 2}}
or
{DL RS ID 1, QC-Type 1}
	Contained in TCI-States and TCI-StatesPDCCH

DL RS ID can be the ID of a CSI-RS resource (NZP-CSI-RS-ResourceConfigId), or an SSB ID, or the ID of a CSI-RS resource set (TRS)
where the CSI-RS resource ID can be a resource ID configured in a CSI-RS resource set configured with TRS-Info or with CSI-RS-ResourceRep
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