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Following RAN2#106, RAN4 received an LS [1] with information on RAN2 agreements relating to fast SCell activation in NR. A dormant SCell state as in LTE euCA will not be defined in NR, but other means for enabling fast return to full SCell operability are to be explored:
Agreement
1	SCell dormant state like LTE euCA will not be introduced in NR. 
2	‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilisation for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit.

1	Temporary RS resources at SCell activation will be studied as a soluton for  fast SCell activation. RAN1/4 input required on feasibility and benefit.
For further evaluation of the solutions, RAN2 is asking RAN4 to reply on the following questions relating to contributors to the SCell activation delay, feasibility and expected reduction of SCell activation delay by dormancy behaviour, and feasibility and expected reduction of SCell activation delay from usage of temporary RS:
In this contribution we are providing our view on the questions raised by RAN2, and propose a response.[SCell activation time:]
Q1:  Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?
[‘Dormancy’ behaviour:]
Q2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?
Q3: if the latency can be reduced, is it feasible to support ‘dormancy’ behaviour from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?
[Temporary RS:]
Q4: which part of latency can be reduced via temporary RS and by how much?
Q5: if the latency can be reduced, is it feasible to support temporary RS from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?


Discussion
Contributors to SCell activation delay
Q1:  Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?
The requirements for SCell activation are captured in clause 8.3.2 of TS 38.133. The generic requirement of activation time states that for reception of activation command in slot n, the UE shall have completed the activation of the SCell no later than by slot n + THARQ + Tactivation_time + TCSI_Reporting, where THARQ is the time between DL data transmission and acknowledgement as specified in TS 38.321, and TCSI_Reporting is the time required for acquiring the first avialable CSR-RS and the first available uplink resources for CSI reporting.
For known SCell in FR1, the activation time is at most Tactivation_time = TSMTC_SCell + 5ms for the case when the SCell has been measured within 160ms, and Tactivation_time =TSMTC_MAX + TSMTC_SCell + 5ms for the case when the SCell has been measured longer time ago but within max([5] measCycleSCell,  [5] DRX cycles). In both cases, TSMTC_SCell represents time to acquire an SSB for updating control loops (ATC/AFC/AGC) prior to the CSI measurements. In the latter case TSMTC_MAX represents time to acquire an additional SSB for additional gain corrections.
For unknown SCell in FR1, the activation time  Tactivation_time =2×TSMTC_MAX + 2×TSMTC_SCell + 5ms, comprising time for a full gain search and cell detection. 
For known SCell in FR2, the first serving cell to be activated in the FR2 band, and TCI state activation is received in the same command, the activation time is Tactivation_time = TMAC-CE,SCell + TFineTiming + 2ms, where TMAC-CE,SCell is to be decided but should be around 2-3ms, and TFineTiming represents the time to acquire the first SSB after having decoded the MAC-CE carrying the activation command. It has the same role as TSMTC_SCell for SCell activation in FR1.
For known SCell in FR2, the first serving cell to be activated in the FR2 band, and TCI state activation is received at a later point in time than SCell activation, the activation time is Tactivation_time = max{ TMAC-CE,SCell, Tuncertainty} + TMAC-CE_TCI + TFineTiming + 2ms, where Tuncertainty is the time period between reception of SCell activation MAC-CE and TCI activation MAC-CE for known case, and TMAC-CE_TCI is to be decided but should be in the order of 2-3ms.
For known or unknown SCell in FR2, and there already is an activated serving cell in the concerned FR2 band, the activation time is Tactivation_time = TSMTC_SCell + 5ms. Here, similar to the case for FR1, TSMTC_SCell represents the time to acquire one SSB for updating control loops (ATC/AGC/AFC) before carrying out CSI measurements.
For unknown SCell in FR2, and first serving cell to be activated in the FR2 band, the activation time is Tactivation_time = TMAC-CE,SCell + 24×TSMTC_SCell + TL1-RSRP,measure + TL1-RSRP,report + Tuncertainty + TMAC-CE,TCI + TFineTiming + TCSI-RS_resource_configuration + 2ms, where 24×TSMTC_SCell represents the time for acquiring 24 SSBs for conducting cell detection under beam sweeping, TL1-RSRP,measure represents time for conducting L1-RSRP measurements on SSBs, TL1-RSRP,report represents time for acquiring the first UL resources for L1-RSRP reporting after the L1-RSRP measurement has been conducted, and TCSI-RS_resource_configuration is the time for CSI-RS resource configuration for CQI reporting. The meaning of Tuncertainty in this scenario is different from above, here describing the time between the first (valid) L1-RSRP report by the UE and until the UE receives a MAC-CE with TCI state activation.
For fast SCell activation it is reasonable to assume that the SCell is in known state, hence we suggest to limit the response to those scenarios.
We propose the following reply to Q1:
· The SCell activation delay is described in TS 38.133 clause 8.3.2 and generically defined as follows: for an activation command received in slot n, the UE shall have completed the activation at latest by slot n + THARQ + Tactivation_time + TCSI_Reporting, where THARQ is the HARQ feedback delay between DL and UL,Tactivation_time the physical layer synchronization delay, and TCSI_Reporting the delay for acquiring the first CSI-RS resources for CQI measurements and for reporting.

For all cases of activation of known SCell, Tactivation_time includes a delay associated with acquisition of one SSB instance for refinement of control loops (AGC/ATC/AFC). In one case in FR1, acquisition of additionally one SSB instance for a more thorough gain search is assumed. 
Potential reduction from dormancy behaviour
Q2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?
Depending on how frequently a dormant SCell is to be monitored, the dormancy behaviour may allow the known SCell in FR1 to be re-activate within the time needed only for MAC-CE decoding, radio reconfiguration, and HARQ feedback. Control loops (ATC/AGC/AFC) are here assumed to be up-to-date, and CQI is assumed to be known and potentially reported regularly via PCell. Hence, for a “re-activation” command in slot n, the UE should be able to receive PDCCH in the new cell at latest in slot n + THARQ + TMAC-CE,SCell + X ms, where 0 ≤ X ≤ 5 is an additional margin, if needed, for radio reconfigurations. RAN4 may further discuss side conditions on periodicity of the CSI resources for this activation time to be met, and additionally, whether additional time for tuning of control loops shall be allowed when CSI resources are provided more sparsely than some threshold.
For SCell in FR2, dormancy behaviour means that beam management is up-to-date, and that the gNB therefore have TCI states configured and activated already at the time of “re-activation” of the SCell. Similarly, control loops are up to date, and CQI is assumed to be known.  Hence, for a “re-activation” command in slot n, the UE should be able to receive PDCCH in the new cell at latest in slot n + THARQ + TMAC-CE,SCell + X ms. Similarly as for the FR1 case, RAN4 may further discuss side conditions on periodicity of the CSI resources, and how to handle tuning of control loops when CSI resources are provided more sparsely than some threshold.
For both cases, in case CQI is not reported while in dormancy, additional time is needed for such report as part of SCell activation.
We propose the following reply to Q2:
· A UE operating under dormancy behaviour would continue to carry out CSI measurements, maintaining control loops, and carry out beam management. Provided that the periodicity is not too low (threshold is for further discussions in RAN4), the activation delay can be reduced to essentially HARQ feedback delay, processing of the MAC-CE command, and potentially a few milliseconds margin for radio configuration. For an activation command received in slot n, the UE would be completing the activation at latest by slot n + THARQ + TMAC-CE + Xms (0≤X≤5). In case CQI is not reported during dormancy, additional time is needed for such reporting as part of SCell activation.
Q3: if the latency can be reduced, is it feasible to support ‘dormancy’ behaviour from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?
In our view it is likely feasible to support dormancy behaviour. However, a further RAN4 discussion on side conditions for CSI-RS periodicity is needed, as the reduced activation time potentially leads to higher overhead in terms of CSI-RS transmissions. 
RAN4 impact would comprise a set of requirements that are to be applicable for UE in dormant mode. The impacted requirements include at least beam management requirements and SCell activation requirements. 
We propose the following reply to Q3:
· RAN4 considers it feasible to support dormancy behaviour. Immediately impacted requirements are those for beam management and SCell activation.

Potential reduction from Temporary RS
Q4: which part of latency can be reduced via temporary RS and by how much?
The existing requirements for known SCell in FR1 and FR2 could benefit from Temporary RS mainly when it comes to tuning of control loops where the UE otherwise would have to wait for receiving the first SSB after decoding of MAC-CE or after having carried out a gain search. Hence, the latency can be reduced from TSMTC_SCell  down to 1ms.
We propose the following response to Q4:
· Using Temporary RS would mainly benefit the tuning of control loops. This would allow the latency associated e.g. with timing refinement to be reduced from up to 1 SMTC period to 1 ms.

For an SCell in FR1 being measured every 160ms, activation would be at latest in slot n + THARQ + 6ms + TCSI_Reporting, instead of slot n + THARQ + TSMTC_SCell + 5ms + TCSI_Reporting, when Temporary RSs are used, and where the MAC-CE for SCell activation is received in slot n.
Q5: if the latency can be reduced, is it feasible to support temporary RS from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?
We propose the following response to Q5:
· RAN4 considers it feasible to support usage of temporary RS. Immediately impacted requirements are those for SCell activation.
Summary and Conclusion
In this contribution we have provided our view on, and proposed answers to, the questions raised by RAN2 regarding usage of dormancy behaviour and Temporary RS, respectively, for fast SCell activation. 
A draft LS reply is provided in [2].
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