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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Open items regarding TCI state selection at SCell activation of the first cell in a FR2 band for inter-band CA (PCell is in FR1) were brought up at the RAN4#89 meeting [1], and a way forward [2] was agreed. The way forward listed the following items:
· If UE is configured with multiple TCI states/Spatial Relations
· Scell activation command comes via MAC-CE
· Open Items
· Procedure for down selecting to one active TCI state and spatial relation
· Order of procedure between Scell activation and TCI (spatial relation) selection
· Total delay required for all these procedures







In this contribution we give our view on how the TCI state selection can be carried out for this scenario. 
Discussion
Configuration of TCI states and CSI-RS measurements
TCI states are configured by the network node on the basis of the Tx beams that the UE is foreseen to receive with highest quality. The decision on which TCI states to configure for the UE is in general made based on measurement reports provided by the UE. For deactivated SCell, the reporting is part of the RRM measurement reporting framework (beam index reporting), and for activated SCell, the reporting is part of the CSI reporting framework (e.g. SSB-Index-RSRP).
The measurement period for beam index reporting of deactivated SCell is, when no other measurements are competing, 
TSSB_measurement_period_intra = Mmeas_period_w/o_gaps × measCycleSCell

where measCycleSCell can take values 160, 320, 640 and 1280ms, and where Mmeas_period_w/o_gaps is 24 for handheld device and 40 for FWA device. Thus the shortest measurement period is 3.84 seconds.
Observation 1: Shortest measurement period for RRM-based beam index reporting of deactivated SCell is 3.84 seconds.
The measurement period for SSB-based L1-RSRP, a component of SSB-Index-RSRP is, when no other measurements are competing, 
TBM_measurement_period =  max(TReport, ceil(M×N)×TSSB)
where M is the number of SSB samples required to fulfill requirements on measurement accuracy (value under discussion), N is a beam sweeping factor (value under discussion, N>1), TSSB is the SSB periodicity, and TReport is the reporting periodicity when periodic CSI reporting is configured. Without jumping into the separate discussion on which values to select for M and N, based on earlier discussions we can assume that M≤3 and N≤8, and TSSB set to typical value 20ms, by which the measurement period becomes less than or equal to 0.48 seconds.
Observation 2: The measurement period for CSI reporting of SSB-Index-RSRP is less than or equal to 0.48 seconds. 
In a rich radio environment with scattering of Tx beams from different directions, a non-stationary UE may see frequent changes both regarding to which Tx beams are best received, and which UE Rx beam is the best to use for receiving them. Given that a FR2 cell may use up to 64 Tx beams for transmission of SSBs, and e.g. the number of TCI states that can be preconfigured for PDSCH is limited to 8, it is challenging for the gNB to provide TCI state configurations and CSI-RS configurations to the UE already at the time of the SCell configuration, or later as re-configuration based on RRM-based beam index reporting due to the latency associated with the reporting.
Observation 3: In rich radio environments it may be challenging for the gNB to provide TCI state configurations and CSI-RS configurations to the UE at the time of SCell configuration. Moreover, it may be challenging for the gNB to provide TCI state and CSI-RS configurations on the basis of RRM-based beam index reporting due to the latency involved in such reporting.
The SCell activation delay requirement in TS 38.133 8.3.2 defines that the endpoint of the SCell activation delay is when the UE is capable of transmitting a valid CSI report.
Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n+ [THARQ + Tactivation_time + TCSI_Reporting], where: […]
In E-UTRA as well as for NR FR1, where omnidirectional antennas are assumed, CSI report has been synonymous with CQI reporting, and it has been specified how the UE is to convey to the gNB when SCell synchronization has been achieved and when the CSI report is to be considered valid.
Starting from the slot specified in section 4.3 of [3] (timing for secondary Cell activation/deactivation) and until the UE has completed the SCell activation, the UE shall report out of range if the UE has available uplink resources to report CQI for the SCell.
For SCell activation in NR FR2, we see a need in using SSB-Index-RSRP reporting (which also is part of the CSI reporting framework) in order to acquire up-to-date information on which TCI configurations and CSI-RS configurations to provide to the UE. Currently the UE behavior for how to handle reporting before a full L1-RSRP measurement period has been completed, is unclear and results in that the gNB must be conservative regarding at which point in time it considers the reported SSB-Index-RSRP to be valid. 
Observation 4: In rich radio environments, configuration of TCI states and CSI-RS may require SSB-Index-RSRP reporting in order to be based on up-to-date conditions. Currently it is not clear what the UE will provide in the SSB-Index-RSRP report when reporting is carried out before a full measurement period has elapsed.
With a well-defined UE behaviour regarding the SSB-Index-RSRP reporting, the gNB would be aware of as soon as the reported SSB-Index-RSRP is valid, and unnecessary latency can be avoided. We therefore propose that SSB-Index-RSRP reporting shall follow a similar principle to what is applied for CQI reporting, i.e., that before the UE has carried out sufficient L1-RSRP measurements for a reliable report, it shall invalidate the report, e.g. by setting the RSRP#1 field of the CSI report to the lowest mapping value (RSRP_16: RSRP < -140dBm) or by using/repurposing a mapping entry that currently is interpreted as “not valid”.
Proposal 1: Before SCell activation has been completed, the UE shall indicate in the CSI report for SSB-Index-RSRP that values are invalid.
In order to reduce the time needed by the UE for producing the first valid CSI report for SSB-Index-RSRP, we propose that it is investigated whether measurements conducted during the SCell synchronization phase can be partly reused when forming the L1-RSRP for SSB-Index_RSRP.
Proposal 2: It shall be investigated whether measurements carried out for SCell synchronization (i.e. within Tactivation_time) can be partly reused when deriving L1-RSRP for SSB-Index-RSRP reporting.
Comments on Open Items 
· Procedure for down selecting to one active TCI state and spatial relation
Down-selection can be made either based on CSI-RS measurements, SSB-Index-RSRP measurements, or both, where for the latter, SSB-Index-RSRP measurements may be used for deciding which CSI-RS resources and associated measurements, as well as which TCI states, to configure for the UE.
· Order of procedure between Scell activation and TCI (spatial relation) selection
TCI selection follows upon SCell activation. After the UE has synchronized to the SCell and provided feedback to the gNB, the gNB activates the appropriate TCI state.
· Total delay required for all these procedures
In case appropriate CSI-RS resources, CSI-RS measurements, and TCI state configurations have been provided before the SCell activation, the total time between sending the activation command to the UE until the UE is ready to receive on PDCCH and/or PDSCH in SCell becomes:
Ttotal = (THARQ + Tactivation_time + TCSI_reporting) + TTCI_activation
In case the activation relies on SSB-Index-RSRP reporting for proper configuration of CSI-RS resources, CSI-RS measurements, and TCI state configurations, the corresponding time becomes:
Ttotal = (THARQ + Tactivation_time + TSSB-Index-RSRP_reporting) + TRRC_reconfig + TCSI_reporting + TTCI_activation
The tinted components within parentheses are part of the SCell activation time delay requirement, i.e., the time between the UE receives an SCell activation command until it provides a valid CSI report (CQI or SSB-Index-RSRP). Further,
· TRRC_reconfig is the time period between feedback provided to the gNB until the new RRC configurations have been applied by the UE, and includes e.g. UE RRC procedure delay and gNB processing delay. 
· TTCI_activation is the time needed between feedback provided to the gNB until the appropriate TCI has been applied by the UE.
The additional TCSI_reporting for the latter case is added under the assumption that e.g. CQI is needed for selecting the appropriate MCS.
Summary and Conclusions
In this contribution we have provided our view on how TCI state selection can be handled for the scenario where the SCell being activated is the first cell in a FR2 band. The following observations were made:
Observation 1: Shortest measurement period for RRM-based beam index reporting of deactivated SCell is 3.84 seconds.
Observation 2: The measurement period for CSI reporting of SSB-Index-RSRP is less than or equal to 0.48 seconds. 
Observation 3: In rich radio environments it may be challenging for the gNB to provide TCI state configurations and CSI-RS configurations to the UE at the time of SCell configuration. Moreover, it may be challenging for the gNB to provide TCI state and CSI-RS configurations on the basis of RRM-based beam index reporting due to the latency involved in such reporting.
Observation 4: In rich radio environments, configuration of TCI states and CSI-RS may require SSB-Index-RSRP reporting in order to be based on up-to-date conditions. Currently it is not clear what the UE will provide in the SSB-Index-RSRP report when reporting is carried out before a full measurement period has elapsed.
Based on the observations, we make the following proposals:
Proposal 1: Before SCell activation has been completed, the UE shall indicate in the CSI report for SSB-Index-RSRP that values are invalid.
Proposal 2: It shall be investigated whether measurements carried out for SCell synchronization (i.e. within Tactivation_time) can be partly reused when deriving L1-RSRP for SSB-Index-RSRP reporting.

Regarding activation time lines, the total time between SCell activation command being sent until the UE can receive in the SCell would be:
Ttotal = (THARQ + Tactivation_time + TCSI_reporting) + TTCI_activation
or
Ttotal = (THARQ + Tactivation_time + TSSB-Index-RSRP_reporting) + TRRC_reconfig + TCSI_reporting + TTCI_activation
depending on whether the appropriate RRC configurations for the SCell have been provided beforehand or have to be provided after feedback from the UE, and where the components within parentheses represent the SCell activation delay requirement from UE perspective.  
A draft CR for addressing Proposal 1 is provided in [4].
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