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TCI state selection and activation at SCell activation of first serving cell in a FR2 band was discussed further during RAN4#90bis, and a WF [1] was agreed. The agreements concern that L3-RSRP reporting before and/or L1-RSRP/L3-RSRP reporting during SCell activation will be carried out by UE to allow gNB to activate proper TCI configurations for the UE. The agreements further concern that the starting point and ending point of the SCell activation delay requirement is when the UE receives a MAC CE command for SCell activation, and when the UE reports a valid CQI, respectively. Additionally, the agreement concerns conditions for known and unknown SCell at the time of activation, where if the SCell can be assumed to be fully known at the time of activation, TCI states can be activated by the gNB already at the time of sending the activation command to the UE, resulting in a shorter SCell activation time delay than for an SCell that is assumed to be unknown.
In this contribution we are again bringing up the issues associated with the case where L1-RSRP reporting is needed during the SCell activation. Since L1-RSRP is part of the CSI framework, when uplink resources are provided to the UE for CSI reporting, the UE has to populate the L1-RSRP report with values even if the UE has not yet conducted a full L1-RSRP measurement. As this potentially may result in that the gNB activates the incorrect TCI states, it is desirable that a well-defined UE behaviour is specified that allows the gNB to know that the received L1-RSRP is valid. Additionally, we also look into the SCell activation delay requirement which currently does not take into account that MAC CEs for SCell activation and TCI state activation may be received by the UE at different points in time. Proposals on how to modify the SCell activation delay requirement are provided.
Discussion
SSB-Index-RSRP reporting
Since L1-RSRP reporting, similar to CQI reporting, is part of the CSI reporting framework (SSB-Index-RSRP), the UE has to report values when provided uplink resources for doing so. For CQI reporting at SCell activation, the UE has been given the option of reporting out-of-range to indicate that the SCell activation has not yet been completed. This provides an indication to the network on when the UE can be addressed in the SCell, and allows a UE that is completing the SCell activation in shorter time than stipulated by the RRM requirements to benefit from it e.g. by achieving higher user throughput sooner. There are also advantages for the gNB related to downlink buffer handling, load balancing and other functionalities. For L1-RSRP reporting, a corresponding mechanism is currently missing, meaning that the gNB will not know when a L1-RSRP report provided during SCell activation is reliable and can be used by the gNB for selecting which TCI state to activate for the UE.
At SCell activation there is, when observed from the network side, a certain element of randomness in when the UE will acquire physical layer synchronization to the SCell. This randomness may depend on the radio environment, but may also depend on the specific UE implementation and on conditions only known to the UE.
When the gNB is requesting a L1-RSRP report from the UE during SCell activation, due to that the exact time at which the UE achieves physical layer synchronization to the SCell cannot be observed, the gNB cannot rely on the L1-RSRP report until after time Tactivation_time + TL1-RSRP has passed. In many cases, where synchronization is achieved in shorter time than Tactivation_time, or when the UE implementation for instance can derive a L1-RSRP in shorter time than TL1-RSRP (e.g. using by the UE known conditions and skipping beam sweeping), this would lead to a longer SCell activation delay than necessary. We therefore propose that a UE shall indicate that a L1-RSRP report is invalid, when reporting is requested before the UE has carried out a complete L1-RSRP measurement.
Observation 1: Without indication on whether a L1-RSRP report is invalid, the gNB will have to wait until after Tactivation_time + TL1-RSRP before it can decide which TCI state to activate for the UE in order to prevent that random data provided by the UE results in incorrect selection of TCI states to activate.
Observation 2: Without indication on whether a L1-RSRP report is invalid, conditions known only by the UE cannot be used for speeding up the completion of the SCell activation. The activation time will be fixed, and neither UE nor the network will benefit from situations where SCell sychronization is achieved earlier than the worst case assumptions upon which the RRM requirements are based. 
Proposal 1: A UE that is requested to report L1-RSRP at SCell activation shall, in case the reporting occasion occurs before a complete L1-RSRP measurement has been conducted, indicate in the report that the report is invalid.
SCell activation delay requirement
The existing SCell activation delay requirement in 38.133 section 8.3.2 states that the UE shall be capable of transmitting a valid CSI report (here: CQI) no later than in slot n + [THARQ + Tactivation_time+ TCSI_Reporting] when a MAC CE carrying SCell activation command has been received in slot n. Depending on various conditions, different values of Tactivation_time apply for different scenarios. The existing requirement structure is assuming that MAC CEs for SCell activation and TCI state activation are received at the same time, and that the SCell activation procedure is carried out without further UE<->gNB interractions between the point in time when the MAC CE carrying the SCell activation command is received and the point in time where a valid CQI is reported by the UE. The time line is illustrated in Figure 1 below. 


[bookmark: _Ref7618123]Figure 1: SCell activation time line when MAC CE for TCI state activation is provided together with MAC CE for SCell activation. 

When TCI state activation is carried out at a later point in time than the SCell activation – e.g. after reception of a L3-RSRP or L1-RSRP report – the existing SCell activation delay requirement is not correctly taking into account that for completion of the SCell activation procedure, there has to be an active TCI state since otherwise the UE cannot determine and report CQI. Hence the final stage of the SCell activation procedure may be gated by the time at which the MAC CE carrying TCI activation is received. The time line is illustrated in Figure 2 below.


[bookmark: _Ref7618520]Figure 2: SCell activation time line when MAC CE for TCI state activation is provided first after receiving a L1-RSRP report from the UE.

In order to account for scenarios where the MAC CE carrying TCI state activation is received at a later point in time than the MAC CE carrying the SCell activation time, we propose that the existing SCell activation delay requirement is modified into: slot n+ [THARQ + max(Tactivation_time, ΔTTCI_activation) + TCSI_Reporting], where ΔTTCI_activation is the difference in time between reception of MAC CE carrying TCI state activation command and MAC CE carrying SCell activation command for the cell being activated.
Observation 3: When MAC CEs for SCell activation and TCI state activation are received at different points in time, completion of SCell activation procedure may be gated since an active TCI state is necessary for the UE to determine and report CQI. Existing SCell activation delay requirement does not take this into account.
Proposal 2: The SCell activation delay requirement is modified to take potentially delayed TCI state activation into account: slot n+ [THARQ + Tactivation_time + TCSI_Reporting] is changed to slot n+ [THARQ + max(Tactivation_time, ΔTTCI_activation) + TCSI_Reporting], where ΔTTCI_activation is the difference in time between reception of MAC CEs carrying TCI state activation and SCell activation commands, respectively.
As illustrated in the time line in Figure 2, and as agreed in [1], one reason for late TCI state activation is that the gNB may want the UE to report L1-RSRP (SSB-Index-RSRP) before deciding which TCI state to activate. Hence it is of importance that an L1-RSRP report, when requested, can be provided in a timely manner, as otherwise the TCI state activation, hence the SCell activation, will be further delayed. The L1-RSRP measurements, upon which the L1-RSRP report is based, in turn requires that the UE has synchronized to the SCell. The synchronization time is captured by the Tactivation_time which itself cannot be observed when TCI state activation is provided at a later point in time. We therefore propose that a paragraph on when a valid L1-RSRP report is to be provided is added to the SCell activation delay requirement section.
In case the UE is requested to report L1-RSRP during the SCell activation, starting from the slot specified in section 4.3 of [3] (timing for secondary Cell activation/deactivation) and before a full L1-RSRP measurement has been completed, the UE shall report lowest valid L1-RSRP range if the UE has available uplink resources to report L1-RSRP for the SCell. At latest in the SSB-Index-RSRP reporting occasion following upon slot n + [THARQ + Tactivation_time + TL1-RSRP], where TL1-RSRP is the L1-RSRP measurement period based on configuration [M = 3] and [N = 1], shall the UE provide a valid L1-RSRP report.
Observation 4: When TCI state activation is based on L1-RSRP reporting by the UE, the SCell activation delay becomes dependent on the time at which the UE provides a valid L1-RSRP report.
Proposal 3: A requirement on when the UE shall be able to provide a valid L1-RSRP report – if configured to do SSB-Index-RSRP reporting – shall be added to the SCell activation delay requirement, as e.g. Tactivation_time is not observable when TCI state activation is pending on L1-RSRP reporting.
Exact details, such as whether further delays need to be accounted for, or which L1-RSRP measurement period to assume, can be further discussed at the meeting.
Summary and Conclusion
In this contribution we have discussed issues related to L1-RSRP reporting and TCI state activation during SCell activation, and have made the following observations: 
Observation 1: Without indication on whether a L1-RSRP report is invalid, the gNB will have to wait until after Tactivation_time + TL1-RSRP before it can decide which TCI state to activate for the UE in order to prevent that random data provided by the UE results in incorrect selection of TCI states to activate.
Observation 2: Without indication on whether a L1-RSRP report is invalid, conditions known only by the UE cannot be used for speeding up the completion of the SCell activation. The activation time will be fixed, and neither UE nor the network will benefit from situations where SCell sychronization is achieved earlier than the worst case assumptions upon which the RRM requirements are based.
Observation 3: When MAC CEs for SCell activation and TCI state activation are received at different points in time, completion of SCell activation procedure may be gated since an active TCI state is necessary for the UE to determine and report CQI. Existing SCell activation delay requirement does not take this into account.
Observation 4: When TCI state activation is based on L1-RSRP reporting by the UE, the SCell activation delay becomes dependent on the time at which the UE provides a valid L1-RSRP report.
Based on the observations we have the following proposals:
Proposal 1: A UE that is requested to report L1-RSRP at SCell activation shall, in case the reporting occasion occurs before a complete L1-RSRP measurement has been conducted, indicate in the report that the report is invalid.
Proposal 2: The SCell activation delay requirement is modified to take potentially delayed TCI state activation into account: slot n+ [THARQ + Tactivation_time + TCSI_Reporting] is changed to slot n+ [THARQ + max(Tactivation_time, ΔTTCI_activation) + TCSI_Reporting], where ΔTTCI_activation is the difference in time between reception of MAC CEs carrying TCI state activation and SCell activation commands, respectively.
Proposal 3: A requirement on when the UE shall be able to provide a valid L1-RSRP report – if configured to do SSB-Index-RSRP reporting – shall be added to the SCell activation delay requirement, as e.g. Tactivation_time is not observable when TCI state activation is pending on L1-RSRP reporting.
A Draft CR that introduces the proposals is provided in [2].
[bookmark: _Ref536781364][bookmark: _Ref517094573][bookmark: _Ref536781239]References
[1] [bookmark: _Ref7436395][bookmark: _Ref5034089]R4-1904696	“Way forward on FR2 SCell activation delay”, Qualcomm
[2] [bookmark: _Ref5038995][bookmark: _GoBack]R4-1906889 “CR 38.133 (8.3.2) L1-RSRP reporting and TCI state activation at SCell activation”, Ericsson



2

image2.emf
SCell activation cmd

TCI activation cmd

valid L1

-

RSRP report

valid CQI report

T

activation_time

T

L1-RSRP

ΔT

TCI_activation

T

CSI_Reporting

time

invalid L1

-

RSRP report

invalid L1

-

RSRP report

invalid L1

-

RSRP report

T

HARQ

T

HARQ


Microsoft_Visio_Drawing1.vsdx
SCell activation cmd
TCI activation cmd
valid L1-RSRP report
valid CQI report
Tactivation_time
TL1-RSRP
ΔTTCI_activation
TCSI_Reporting
time
invalid L1-RSRP report
invalid L1-RSRP report
invalid L1-RSRP report
THARQ
THARQ



image1.emf
SCell activation cmd

TCI activation cmd

valid CQI report

T

activation_time

T

CSI_Reporting

ΔT

TCI_activation

time

T

HARQ


Microsoft_Visio_Drawing.vsdx
SCell activation cmd
TCI activation cmd
valid CQI report
Tactivation_time
TCSI_Reporting
ΔTTCI_activation
time
THARQ



