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At RAN4#92bis it was agreed and captured in a WF [4] that activation of multiple SCells as much as possible shall be carried out in parallel.
 · FFS on Scell activation and deactivation delay and interruption requirements
· The delay of multiple Scell activation may be different due to following factors:
· FR1 only, FR2 only, or FR1+FR2
· Known or Unknown SCells
· Inter-band only, intra-band only or both 
· CA and DC (sync or async. among CCs)
· Limitation on number of searchers of UE
· Simultaneous and non-simultaneous SCell activation command
· Collision between RF re-tuning on one CC and SMTC duration on the other CC
· Companies are encourage to provide analysis on multiple SCell activation delay based on above factors. 
Agreements in RAN4 #92bis
· Principle to define the activation requirement for multiple Scells 
· while activating an SCell, if any other SCell is activated or deactivated, UE is assumed to do activation on multiple SCells in parallel, provided that “the SSB SCS of SCell being activated on the same band is the same” or “the SSB SCS of SCell being activated on the same band is different and the combination of SCSs of data and SSB for all CCs in the same band is supported by UE.
· Except MAC-CE processing and search.
· While activating an unknown SCell, if any other unknown SCell is activated, the activation delay of the concerned SCell should further consider the number of parallel cell detection performed by UE on multiple SCCs.
· The number of searcher is assumed as 2 in RRM requirements.
· Activation delay is expected to be increased if the interruption due to activating/deactivating on another cell causes the UE to miss receiving an SSB on cell currently being activated

In this contribution we provide input on the SCell activation procedure for activation of multiple SCells under resource constraints (cell detection hardware). We additionally highlight one case of activation of multiple SCells in the same band where a further clarification is needed.  
Discussion
Parallel activation and Cell detector resource constraint
Activation of intra-band SCells in FR1
The MRTD for intra-band non-contiguous carrier aggregation is 3µs, meaning that the maximum time difference between any two serving cells in the band shall be within 3µs in order to constitute a valid aggregation set. The uncertainty on timing corresponds to somewhat less than 5% and 10% of an OFDM symbol length in SCS 15 and 30kHz, respectively, i.e. the numerologies used for SSBs in FR1. 
At activation of unknown SCell, the frame timing from an active serving cell can be used for determining where, within ±3µs, the frame timing of the target cell. Provided that it is clear to the UE which SSB in the SSB burst to use for control loops, and the SSB fulfills side conditions on detectability, control loops can be started directly without first carrying out cell detection using cell detection hardware.
Proposal 1: For intra-band FR1 scenario, activation of an unknown SCell is to be carried out without using the contrained resource (cell detection hardware) since frame timing can be established from serving cell to within ±3µs (MRTD intra-band non-contiguous FR1). All activations are carried out in parallel.
Activation of inter-band SCells in FR1
The MRTD for inter-band carrier aggregation is 33µs to a serving cell in another FR1 band (25µs FR2 band), corresponding to close to 50% and 100% of an OFDM symbol length in SCS 15 and 30kHz, respectively. As indicated by some companies during RAN4#92bis, this may force some UE implementations to use cell detection hardware to establish the timing of an unknown SCell to-be-added.
In case of multiple SCells are to be activated in the band, there is a chance that at least one of the SCells have been measured before and is fulfilling the known cell condition. Since cells that are aggregated within the same band are to fulfill intra-band MRTD, the frame timing of the unknown SCell(s) can be determined to an uncertainty of about ±3µs from the frame timing of the known SCell to-be-activated with the same MAC command. Hence provided that it is clear to the UE which SSB in the SSB burst to use for control loops, and that SSB fulfills side conditions on detectability, control loops can be started directly without first carrying out cell detection using cell detection hardware.


[bookmark: _Ref24116405]Figure 1: Parallel activation of multiple unknown SCells in the same band. LNA setting (1) and gain refinement (2) are carried out in parallel. Cell detection using cell detection hardware (3) is carried out for one cell, and timing is established for other cell (4). Fine tuning (5) is carried out in parallel. 

In case multiple SCells are to be activated, and all of them are in unknown condition, the UE can use cell detection hardware to determine frame timing for one of the cells. Then that timing can be used for determining the frame timing to an uncertainty of ±3µs for the other unknown SCells. See Figure 1. Hence, again, provided that it is clear to the UE which SSB in the SSB burst to use for control loops, and that SSB fulfills side conditions on detectability, control loops can be started directly on those remaining unknown SCells without first carrying out cell detection using cell detection hardware.
Proposal 2: For inter-band FR1 scenario, activation of an unknown SCell is to be carried out without using the constrained resource (cell detection hardware) when another known SCell in the same band is activated with the same MAC command, since frame timing can be established from the known cell to within about ±3µs (MRTD intra-band non-contiguous FR1). All activations are carried out in parallel.
Proposal 3: For inter-band FR1 scenario, activation of multiple unknown SCells in a band shall require at most detection of one SCell using the constrained resource (cell detection hardware), since frame timing for other unknown SCells in the band can be established from the detected SCell to within about ±3µs (MRTD intra-band non-contiguous FR1). All activations are carried out in parallel.
Proposal 4: For inter-band FR1 scenario, when the number of bands requiring cell detections using the constrained resource (cell detection hardware) exceeds the UE’s capability with respect to number of searchers, the activation delay requirement shall account for a delay proportional to the number of missed cell detection opportunities (e.g. one TSMTC for each missed opportunity). All activations are carried out in parallel.
Activation of intra-band SCell in FR2
In this scenario there is an active serving cell in the FR2 band. The MRTD for intra-band non-contiguous carrier aggregation is ±260ns. There are further a number of constraints on carrier aggregation in FR2, e.g. on spatial filter etc. The activation procedure does not require usage of the cell detection hardware and there are no other resource conflicts. Hence SCell activation for this case can be done completely in parallel.
Proposal 5: For intra-band FR2 scenario, activations of both known and unknown SCells are to be carried out without the usage of the contrained resource (cell detection hardware), as spatial filter is determined by the active serving cell(s) and frame timing can be established to within ±260ns (MRTD intra-band non-contiguous FR2). All activations are carried out in parallel.
Activation of inter-band SCells in FR2 (PCell/PSCell in FR1)
In this scenario there is no active serving cell in the FR2 band. Instead the active serving cell is in a FR1 band, by which the MRTD is ±25µs. As this timing uncertainty comprises multiple OFDM symbol lengths, cell detection using cell detection hardware is needed unless any of the SCells to-be-added is known. 
Similar to the inter-band scenario in FR1, if all SCells to-be-activated in the FR2 band are unknown, it shall be enough to use cell detection hardware for establishing the timing for one of the SCells. The frame timing of the detected cell can be used to establish the timing for remaining cells, to within ±260ns (MRTD intra-band non-contiguous FR2).
Proposal 6: For inter-band FR1-FR2 scenario, activation of an unknown SCell is to be carried out without using the constrained resource (cell detection hardware) when another known SCell in the same band is activated with the same MAC command, since frame timing can be established from the known cell to within about ±260ns (MRTD intra-band non-contiguous FR2). All activations are carried out in parallel.
Proposal 7: For inter-band FR1-FR2 scenario, activation of multiple unknown SCells in a band shall require at most detection of one SCell using the constrained resource (cell detection hardware), since frame timing for other unknown SCells in the band can be established from the detected SCell to within about ±260ns (MRTD intra-band non-contiguous FR2). All activations are carried out in parallel.

Proposal 8: For inter-band FR1-FR2 scenario, RAN4 shall further clarify whether FR1 and FR2 are competing for the same contrained resources (cell detection hardware). If that is the case, when the number of bands requiring cell detections using the constrained resource (cell detection hardware) exceeds the UE’s capability with respect to number of searchers, the activation delay requirement shall account for a delay proportional to the number of missed cell detection opportunities (e.g. one TSMTC for each missed opportunity). All activations are carried out in parallel.
Parallel activation and interruptions
Impact of interruptions caused by activations in other bands on the SCell activation delay needs to be further studied regarding how to capture in the time delay requirements to avoid too detailed requirements (down configurations of individual cells in other bands) but at the same time avoid too lax requirements (e.g., extending allowed activation time by one TSMTC for each additional band where activation is carried out. We think a further discussion is needed before settling on those details.


Figure 2: Baseline SCell activation times in FR1. For known SCell with measCycleSCell ≤ 160ms there is only fine tuning (5) carried out in the baseband at the activation, whereas for known SCell with measCycleSCell > 160ms and unknown SCell, it is assumed that the first step in the activation procedure is adjusting the LNA, potentially resulting in no samples to be processed in the baseband.

For some of the cases with activation of multiple SCells within the same band, we can see an impact on the activation time for SCells that are known and have been measured according to a measCycleSCell ≤ 160ms, when simultaneously activated with a known SCell that has been measured according to a longer measCycleSCell, or when activated together with an unknown SCell. For the former, it has been assumed in the requirements that at activation, only fine tuning of control loops is needed – an activity carried out in the baseband. For the latter two, it is assumed that a LNA gain search is carried out – which may result in that there are no samples to work on in the baseband (saturated, understeered). Hence one solution could be to allow an extension of the activation time by TSMTC for known SCell with measCycleSCell ≤ 160ms to account for that the control loops cannot operate on samples acquired during the first SSB burst. On the other hand, in some combinations of SCells activated in parallel this may be too pessimistic. We therefore propose a further discussion on how this case shall be handled. 
Proposal 9: The activation delay for SCell with measCycleSCell≤160ms activated in parallel with other known or unknown SCell in the same band shall be clarified, as the assumptions on the usage of the first SSB burst in the activation time lines differ. 
Summary and Conclusion
In this contribution we have provided input on procedures for SCell activation of multiple SCells by the same command, where the proposed procedures take resource constraints (cell detection hardware) into account. We have additionally observed one case of activation of SCells in the same band where a clarification is needed. The following proposals are made:
Proposal 1: For intra-band FR1 scenario, activation of an unknown SCell is to be carried out without using the contrained resource (cell detection hardware) since frame timing can be established from serving cell to within ±3µs (MRTD intra-band non-contiguous FR1). All activations are carried out in parallel.
Proposal 2: For inter-band FR1 scenario, activation of an unknown SCell is to be carried out without using the constrained resource (cell detection hardware) when another known SCell in the same band is activated with the same MAC command, since frame timing can be established from the known cell to within about ±3µs (MRTD intra-band non-contiguous FR1). All activations are carried out in parallel.
Proposal 3: For inter-band FR1 scenario, activation of multiple unknown SCells in a band shall require at most detection of one SCell using the constrained resource (cell detection hardware), since frame timing for other unknown SCells in the band can be established from the detected SCell to within about ±3µs (MRTD intra-band non-contiguous FR1). All activations are carried out in parallel.
Proposal 4: For inter-band FR1 scenario, when the number of bands requiring cell detections using the constrained resource (cell detection hardware) exceeds the UE’s capability with respect to number of searchers, the activation delay requirement shall account for a delay proportional to the number of missed cell detection opportunities (e.g. one TSMTC for each missed opportunity). All activations are carried out in parallel.
Proposal 5: For intra-band FR2 scenario, activations of both known and unknown SCells are to be carried out without the usage of the contrained resource (cell detection hardware), as spatial filter is determined by the active serving cell(s) and frame timing can be established to within ±260ns (MRTD intra-band non-contiguous FR2). All activations are carried out in parallel.
Proposal 6: For inter-band FR1-FR2 scenario, activation of an unknown SCell is to be carried out without using the constrained resource (cell detection hardware) when another known SCell in the same band is activated with the same MAC command, since frame timing can be established from the known cell to within about ±260ns (MRTD intra-band non-contiguous FR2). All activations are carried out in parallel.
Proposal 7: For inter-band FR1-FR2 scenario, activation of multiple unknown SCells in a band shall require at most detection of one SCell using the constrained resource (cell detection hardware), since frame timing for other unknown SCells in the band can be established from the detected SCell to within about ±260ns (MRTD intra-band non-contiguous FR2). All activations are carried out in parallel.
Proposal 8: For inter-band FR1-FR2 scenario, RAN4 shall further clarify whether FR1 and FR2 are competing for the same contrained resources (cell detection hardware). If that is the case, when the number of bands requiring cell detections using the constrained resource (cell detection hardware) exceeds the UE’s capability with respect to number of searchers, the activation delay requirement shall account for a delay proportional to the number of missed cell detection opportunities (e.g. one TSMTC for each missed opportunity). All activations are carried out in parallel.
Proposal 9: The activation delay for SCell with measCycleSCell≤160ms activated in parallel with other known or unknown SCell in the same band shall be clarified, as the assumptions differ on the usage of the first SSB burst in the activation time lines. 
Other companies’ views are welcome.
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