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1 Introduction
One objective of DC/CA enhancement WI is the low latency serving cell configuration/activation/setup.

RP-181469 [1]:
Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
o
This objective applies to MR-DC, NR-NR DC and CA

o
The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode
In our companion contribution [2], we proposed to achieve fast SCell activation based on dormancy (dormant BWP). In this contribution, we discuss another way to speed up SCell activation based on A-TRS when SSB is not present for AGC and FTL/TTL.
This solution also presented in our RAN1 contribution [3]: Solutions for Fast SCG and SCell Activation.
2 Discussion  
2.1 Requirements of NR SCell activation latency

In TS 38.133 [4], it is specified the following requirements of NR SCell activation latency:

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:
· THARQ is the timing between DL data transmission and acknowledgement, shown in part k0, k1 and A in Figure 2.
· Tactivation_time is the SCell activation latency, which depends on several factors: (i) is the Scell known or not (ii) is the Scell in FR1 or FR2 (iii) is SMTC smaller than 160ms or not. For example:
· When SCell is known in FR1 and the SCell measurement cycle is equal to or smaller than [160ms], Tactivation_time = [3ms+TSMTC_SCell+ 2ms]. As shown in Figure 1, 

· 3ms is MAC-CE processing time including RF warm-up time (i.e. part B, C, D and E in Figure 2); 

· TSMTC_SCell is the SMTC periodicity of SCell being activated for AGC and Fine FTL/TTL (i.e. part F in Figure 2);

· 2ms is margin for SSB coming in last part (i.e. part G in Figure 2).

· When SCell is unknown in FR1, Tactivation_time = [3ms+ 2*TSMTC_MAX + 2*TSMTC_SCell + 2ms], where TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signal, for PSS/SSS timing acquisition and MIB reading. (i.e. part I in Figure 2);     
· 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 as specified in [5]. It is indicated in part H of Figure 1.
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Figure 1: illustration of NR SCell activation latency

Typical latency of Rel-15 NR SCell activation is also summarized in Table 1.

	
	k0
	K1+A
	B+C+D+E
	F
	I
	G
	H
	Sum

	Value is from
	38.214
	38.214
	38.213
	RAN1 / RAN4
	RAN4
	RAN4
	Section 5.4 of 38.214
	

	Known in FR1

SCellMeasCycle<=160ms
	0
	2ms (assume k1=1, A=up to 1 slot)
	3ms


	20ms (1SMTC)
	0
	2ms
	1.57ms (assume 22 symbol)
	28.57ms

	Known in FR1

SCellMeasCycle>160ms
	0
	2ms 
	3ms


	40ms (2SMTC)
	0
	2ms
	1.57ms 
	48.57ms

	Unknown in FR1
	0
	2ms
	3ms
	40ms
	40ms
	2ms
	1.57ms
	88.57ms


Table 1: maximum delay of NR SCell activation (assume 15KHz SCS and 20ms SMTC)
As seen in Figure.1, latency caused by CQI reporting is not dominant part any more in NR. Instead, the main latency contributors are AGC (which needs at least 1 or 2 SSBs), fine FTL/TTL and MIB reading (for unknown SCell), which all require SSB monitoring. As we see, under typical SMTC configuration (20ms), NR SCell activation latency is even longer than LTE, which is because SSB (typical 20ms) is much sparser than CRS (every 1ms TTI) in LTE. 

In FR2, the main difference is that we have additional long latency caused by beam management. To keep track of which beams the UE needs to use, the UE needs to do beam management (i.e. Rx beam sweeping) after ready for PDCCH monitoring. The beam management can also be relied on SSB monitoring.
Observation 1: different from LTE, the main latency contributors of NR SCell activation latency are AGC, beam management (for FR2) and MIB reading (for unknown SCell) based on SSB monitoring. Because SSB (typical 20ms) is much sparser than CRS (every 1ms TTI) in LTE, it results in longer NR SCell activation latency than LTE.  
2.2 Aperiodic TRS (A-TRS) 

Based on RAN1’s agreements [6][7], TRS can be configured on a carrier or on an active BWP when SSB is not present. Periodic SSB and periodic TRS burst can be arranged such that the UE can utilize one SSB and one TRS burst for AGC adjustment and FTL/TTL before DRX on. It has been agreed to have 4 TRS symbols in a TRS burst with 2 consecutive slots configured by RRC, Figure 2 shows an example of TRS position in a slot. TRS is configured as a CSI-RS resource set and parameter in the CSI-RS resource set can indicate that it can be used for time/frequency tracking.
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Figure 2: Example of TRS position in a slot

Observation 2: If TRS configured by gNB, UE can utilize TRS burst for AGC adjustment and FTL/TTL tracking when SSB is not present.
Then aperiodic TRS (A-TRS) was agreed to be supported for FR2 in RAN1#92b [8] and FR1 in RAN1#93 [9]. Thus, TRS can be triggered by DCI to further reduce latency of the UE performing AGC.  
Observation 3: Aperiodic TRS (A-TRS) was agreed to be supported for FR2 in RAN1#92b and FR1 in RAN1#93. Thus, TRS can be triggered by DCI to further reduce latency of the UE performing AGC.  
Figure 3 depicts a possible scheme of fast SCell activation procedure timeline based on A-TRS. If A-TRS can be triggered and transmitted, channel tracking, AGC and fine FTL/TTL can be done based on A-TRS and latency for acquiring SSB can be bypassed. A-CSI can also be triggered for CQI measurement. As shown in the Figure 2, the TTRS covers the A-TRS duration and it can be assumed as 1 to 2 slots to process aperiodic TRS and update loop in a known SCell, which is much smaller than the TSMTC_SCell. The additional 2 slots are for UE processing time of A-TRS. Thus, total time for channel tracking, AGC and fine FTL/TTL is F=4 slots. We can assume that it only takes about 1ms in case of 15KHz numerology. 
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                       Figure 3: illustration of fast SCell activation based on A-TRS
Finally, table 2 provides a comparison with dormant BWP on fast SCell activation in NR. Please note: 
· Although DCI based activation is generally not in scoping of RAN2 discussion, we list it in the table just for fair comparison with dormant BWP because dormant BWP can reuse DCI of BWP switch for SCell activation.
· F takes 1ms for “DCI + A-TRS” has included duration for TRS (e.g. 2 symbols) and UE processing delay of A-TRS.  
	
	k0
	K1
	A
	B (L2 processing)
	C+D+E (RF warm up)
	F
	G
	H
	Sum

	Rel-15  
	0
	2ms (assume k1=1, A=up to 1 slot)
	0.5ms
	2.5ms
	1 SMTC
	2ms
	1.57ms
	28.57ms

	Dormant BWP
	0
	0
	0
	1ms - 3ms

(reuse BWP switch delay)
	0

(if AGC in dormant)
	1.57ms
	2.57 or 
4.57ms

	DCI based activation + 

A-TRS
	0
	0
	0
	1ms - 3ms

(reuse BWP switch delay)
	1
	0
	1.57ms
	3.57ms or 5.57ms


Table 2: Comparison of Rel-16 solutions for fast SCell activation
Based on timeline comparison in Table 2, we can see that A-TRS is another efficient way to reduce NR SCell activation latency. It can achieve similar performance as dormant BWP. It is useful especially in the scenario that SSB is not present for AGC.
Observation 4: A-TRS is another efficient way to reduce NR SCell activation latency. It can achieve similar performance as dormant BWP. It is useful especially in the scenario that SSB is not present for AGC and FTL/TTL.
In addition, we can see from Table 2 that dormant BWP has slightly lower latency and it doesn’t need dedicated resource from NW. Thus, it is more suitable for frequent switching (mainly targeting power saving benefits). For less frequent activation of SCell, DCI-based activation with A-TRS is more suitable. Figure 4 illustrates an example of the relative timeline of both techniques.
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Figure 4: Timeline example of SCell state, BWP, traffic, and C-DRX operation.
Observation 5: Dormant BWP has slightly lower latency and it doesn’t need dedicated resource from NW. Thus, it is more suitable for frequent switching (mainly targeting power saving benefits). For less frequent activation of SCell, DCI-based activation with A-TRS is more suitable.
Finally, we propose:

Proposal 1: Besides dormant BWP, introduce A-TRS as the solution to reduce NR SCell activation latency when SSB is not present for AGC and FTL/TTL.
3 Summary
In our companion contribution [2], we proposed to achieve fast SCell activation based on dormancy (dormant BWP). In this contribution, we discuss another way to speed up SCell activation based on A-TRS when SSB is not present for AGC and FTL/TTL. We propose:  
Observation 1: different from LTE, the main latency contributors of NR SCell activation latency are AGC, beam management (for FR2) and MIB reading (for unknown SCell) based on SSB monitoring. Because SSB (typical 20ms) is much sparser than CRS (every 1ms TTI) in LTE, it results in longer NR SCell activation latency than LTE.  
Observation 2: If TRS configured by gNB, UE can utilize TRS burst for AGC adjustment and FTL/TTL tracking when SSB is not present.
Observation 3: Aperiodic TRS (A-TRS) was agreed to be supported for FR2 in RAN1#92b and FR1 in RAN1#93. Thus, TRS can be triggered by DCI to further reduce latency of the UE performing AGC.  
Observation 4: A-TRS is another efficient way to reduce NR SCell activation latency. It can achieve similar performance as dormant BWP. It is useful especially in the scenario that SSB is not present for AGC and FTL/TTL.
Observation 5: Dormant BWP has slightly lower latency and it doesn’t need dedicated resource from NW. Thus, it is more suitable for frequent switching (mainly targeting power saving benefits). For less frequent activation of SCell, DCI-based activation with A-TRS is more suitable.
Proposal 1: Besides dormant BWP, introduce A-TRS as the solution to reduce NR SCell activation latency when SSB is not present for AGC and FTL/TTL.
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