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1	Introduction
Enhancing LTE CA Utilization (euCA) WI for Rel-15 LTE introduces several features to improve carrier aggregation. One of the features is to introduce the dormant state for quick activation. In RAN2#105 meeting, RAN2 discussed whether to introduce the dormant state for NR as well based on the contributions [1] [2], and decided to discuss what the UE is required to do to speed up activation and how to do it next meeting [3].
This contribution discusses what the UE is required to speed up SCell activation.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2	Discussion
As discussed in our previous contribution [1], the dormant state has a benefit from latency perspective, but the dominant state itself consumes UE power as UE has to perform CSI measurements for the SCell periodically and report them over PCell/PUCCH SCell periodically. In that sense, for the SCells in the dormant state, UE cannot be actually dormant as it requires UE to perform some actions.
It should be noted that Rel-15 NR already provides several ways to report CSI, which includes periodic, semi-persistent-periodic, and aperiodic CSI reports. If UE performs CSI measurements and reports only if needed (e.g. right after SCell activation) by using the aperiodic CSI report, UE can reduce the SCell activation delay as well as power consumption.
Observation 1: By using aperiodic CSI report, UE can reduce the SCell activation delay as well as power consumption.
In NR, SCell in the deactivated state can be activated with delays as specified in TS 38.133 [4]. The maximum SCell activation delay (in unit of slot) is defined as follows:
n + [THARQ + Tactivation_time + TCSI_Reporting]
where
-	n is the slot when UE receives the SCell activation command;
-	THARQ is the timing between DL data transmission and acknowledgement;
-	which would be typically 2 slots assuming 'capability 1 processing time'.
-	Tactivation_time is the SCell activation delay which is function of TSMTC_SCell (and TSMTC_MAX).
-	If the SCell being activated belongs to FR2, Tactivation_time is:
-	[TSMTC_SCell + 5ms] if there is at least one active serving cell on that FR2 band, provided that the SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in section 3.6.3.
-	[TBD* TSMTC_SCell + 5ms] if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1.
where TSMTC_SCell: SMTC periodicity of SCell being activated and the minimum value is 10ms.
-	TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources.
-	which may not be large.
TBD above would be an integer corresponding to the number of Rx beams in the UE (to take Rx beam sweeping into account). The timeline considering the Rx beam sweeping can be depicted as in Figure 1 below.
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Figure 1: SCell Activation procedure assuming n Tx and m Rx beams and beams
From Figure 1, a CSI-RS burst with n Tx beams (e.g. n SSBs) is transmitted per TSMTC_SCell, hence the required time to complete Rx beam sweeping is m times of TSMTC_SCell (m is number of Rx beams). Assuming 4 Rx beams, Tactivation_time could be 85 ms (assuming TSMTC_SCell = 20 msec).
Observation 2: The main components of the SCell Activation delay are the TSMTC_SCell and the number of RX beams.
One possible solution to reduce Tactivation_time would be to send one-shot bursty CSI-RS for both Tx/Rx beam sweeping, as depicted in Figure 2.
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Figure 2: SCell Activation procedure with one-shot bursty CSI-RS
As depicted above, the SCell activation delay can be reduced significantly if the CSI-RS transmissions are provided more densely and repeatedly for UE to complete Rx beam sweeping in one cycle.
Observation 3: The SCell activation delay can be reduced significantly if the CSI-RS transmissions are provided more densely and repeatedly for UE to complete Rx beam sweeping in one cycle.
It should be noted that the existing aperiodic CSI mechanisms already supports the one-shot bursty CSI-RS: the network can configure UE a list of aperiodic trigger states (i.e. CSI-AperiodicTriggerStateList), which is associated with the DCI field 'CSI request' for the aperiodic CSI request. For each trigger state, it can contain up to 16 report configurations, and each report configuration contains the 'CSI-RS resource set' for channel measurements (i.e. NZP-CSI-RS-ResourceSet). Within the CSI-RS resource set, up to 64 CSI-RS resources can be configured, and each CSI-RS resource is either repeated (for Rx beam sweeping) or not. It should be noted that per resource set, the CSI-RS offset is configured by the aperiodicTriggeringOffset, which indicates time offset between DCI (which triggers aperiodic CSI report) and the NZP-CSI-RS resources within the resource set. The offset has the range of 0 to 4 slots, which means that only 5 slots can be used for the aperiodic bursty CSI-RS measurements with the existing signalling. Assuming 12 symbols per slot (by excluding the 2 symbols for the PDCCH transmissions per slot), the maximum number of symbols for the CSI-RS resources in a single aperiodic trigger state would be about 60. Considering the number of Tx and Rx beams supported in FR2, UE may not be possible to perform CSI-RS measurements for all the Tx and Rx beam combinations with a single CSI request. For instance, assuming 4 Rx beams, only up to 15 Tx beams can be supported with a single CSI request.
Observation 4: UE is not able to perform one-shot bursty CSI-RS measurement for all the TX and RX beam combination depending on the configuration (especially in FR2).
Even if the SCell activation delay can be significantly reduced by having bursty CSI-RS measurement upon SCell activation, to enhance the aperiodic CSI report (to cover the enough number of Tx and Rx beams) would be mainly RAN1 task, and RAN2 may not progress on the issue much. Therefore we propose:
Proposal 1: To utilize aperiodic CSI report to reduce SCell activation delay.
Proposal 1: Wait for RAN1 discussion for the enhancement of aperiodic CSI report which would reduce the SCell activation delay.
Proposal 2: Send an LS to RAN1 to ask enhancement of aperiodic CSI report.
3	Conclusion
Observation 1: By using aperiodic CSI report, UE can reduce the SCell activation delay as well as power consumption.
Observation 2: The main components of the SCell Activation delay are the TSMTC_SCell and the number of RX beams.
Observation 3: The SCell activation delay can be reduced significantly if the CSI-RS transmissions are provided more densely and repeatedly for UE to complete Rx beam sweeping in one cycle.
Observation 4: UE is not able to perform one-shot bursty CSI-RS measurement for all the TX and RX beam combination depending on the configuration (especially in FR2).
Proposal 1: To utilize aperiodic CSI report to reduce SCell activation delay.
Proposal 2: Wait for RAN1 discussion for the enhancement of aperiodic CSI report which would reduce the SCell activation delay.
Proposal 3: Send an LS to RAN1 to ask enhancement of aperiodic CSI report.
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