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1 Introduction
In RAN2#106 [1], NR fast SCell activation made progress on agreements to study ‘dormancy’ behavior and temporary RS:
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 solution for  fast SCell activation. RAN1/4 input required on feasibility and benefit.
And RAN2 sent a LS to RAN1 / RAN4 [2] for their inputs on latency benefits and spec efforts from RAN1/RAN4 perspective:
Q 1: Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?
Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?

Q 3: 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?

Q 4: which part of latency can be reduced via temporary RS and by how much?

Q 5: 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?
Both RAN1 and RAN4 have provided their response LSs in [3] and [4]. In this contribution, we further discuss how to achieve fast SCell activation in NR based on RAN1 / RAN4 reply LS.
2 Discussion  
We first discuss NR SCell activation latency and which part is dominant part based on RAN4 reply LS [4], and then discuss latency performance and feasibility of dormant BWP based on RAN1/RAN4 reply LS [3][4] on ‘dormancy’ behavior from RAN2 perspective. And finally, we discuss latency performance and feasibility of A-TRS based on RAN1/RAN4 reply LS [3][4] on temporary RS from RAN2 perspective.
2.1 Analysis of NR SCell activation latency
In TS 38.133 [5], it is specified the following requirements of NR SCell activation latency (details can be found in Appendix 1):

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 ACK/NACK, shown in part k0, k1 and A in Figure 1.
· 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 1); 

· TSMTC_SCell is the SMTC periodicity of SCell being activated for AGC and Fine FTL/TTL (i.e. part F in Figure 1);

· 2ms is margin for SSB coming in last part (i.e. part G in Figure 1).

· 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 1);
· The case of FR2 is a little complex. The latest status has been summarized in Appendix 3.      
· 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 [6]. 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 in FR1 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)
For this latency requirements, RAN4 [4] provided below response on the question of dominant contributor to NR SCell activation latency:
Q 1: Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?
[RAN4] 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. 

The main delay contribution to the SCell activation delay comes from the Tactivation_time which includes AGC settling and fine synchronization time. In case the SCell is unknown it also includes the cell detection time. In case of FR2, it may further include the L1-RSRP measurement with beam management and reporting time.

Tactivation_time is the main delay contributor in both FR1 and FR2.

Based on RAN4 response, we can see that the main latency contributor is Tactivation_time which includes: 
· AGC setting and fine synchronization 
· Cell detection (only for unknown SCell)
· L1-RSRP measurement with beam management and reporting (only for FR2)

Observation 1: According to RAN4 reply LS, the main latency contributor of NR SCell activation latency is Tactivation_time which includes AGC setting and fine synchronization, cell detection (only for unknown SCell) and L1-RSRP measurement with beam management and reporting (only for FR2).
As we know, all these latency-dominant parts (including AGC, fine synchronization, cell detection and L1-RSRP measurement with beam management) rely on SSB at least in NR Rel-15. Thus, duration of SMTC plays a key role.  Then according to Table 1, 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. 
Observation 2: Almost all major latency contributors of Tactivation_time rely on SSB at least in NR Rel-15. 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.
Based on above analysis, we think it is necessary to specify at least one mechanism to speed up NR SCell activation in Rel-16. In the following discussion, we will provide our opinions on ‘dormancy’ behavior and temporary RS based on reply LS from RAN1 and RAN4 [3][4].
2.2 ‘Dormancy’ behavior 
As agreed in RAN2#106 [1], ‘dormancy’ behaviour will be studied in RAN2 as a solution for fast return to SCell utilisation for data transfer:

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.

In both RAN1 and RAN4 reply LS [3][4], they were quite positive on supporting “dormancy’ behaviour from both latency benefit and spec change feasibility. And furthermore, RAN1 agreed L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behaviour on activated SCells can be supported. And they had an email discussion to conclude 3 possible signalling options to support ‘dormancy’ behaviour [7].
Agreements (RAN1#98):
•
From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported

o
‘dormancy-like’ => sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting

Observation 3: Both RAN1/RAN4 reply LS were quite positive on supporting “dormancy’ behaviour from both latency benefit and spec change feasibility. And furthermore, RAN1 agreed corresponding L1 based mechanism can be supported. 
Furthermore, it was agreed in RAN#85 [15] (RP-192326) that “RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI”. Thus, we don’t see any reason why ‘dormancy’ behaviour can’t be introduced in Rel-16 DCCA.
Observation 4: In RAN#85, it was agreed that RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI” in RP-192326.
Proposal 1: Based on RAN1/RAN4 reply LS, introduce ‘dormancy’ behaviour for NR SCell, i.e. the UE stops monitoring PDCCH on SCell but continues performing CSI measurements, AGC and beam management.
For ‘dormancy’ behaviour, we think one point is required to be clarified: it is our understanding that SCell works in activated state in ‘dormancy’ behaviour. It is further validated in both RAN1 and RAN4 reply LS [3][4].
Observation 5: According to RAN1 / RAN4 reply LS, SCell ‘dormancy’ behaviour is part of SCell activated state.
We think RAN2 should confirm this understanding in case of any misalignment among RAN1, RAN2 and RAN4.
Proposal 2: RAN2 confirms that UE “dormancy” operation is part of SCell activated state (i.e. not as part of SCell deactivated state) and reduced latency is the result of SCell transition from “dormancy” behaviour to normal data transfer of activated SCell.

Note that although latency of ‘dormancy’ behaviour actually means the latency of a UE transition from ‘dormancy’ behaviour to ‘non-dormancy’ behaviour, i.e. return to SCell utilisation for data transfer. In this contribution, we still use the term “activation latency” for simplification of description.
Then with regarding to specific scheme to realize ‘dormancy’ behaviour, the solution of “dormant BWP”, i.e. introduce ‘dormancy’ behaviour by leverage of BWP framework [8][9] can be considered. In the following subsections, we will provide our analysis on dormant BWP from the perspectives of signalling/procedure impacts, latency reduction benefit and power consumption impacts.
2.2.1 Signaling / procedure impacts 
The procedure of dormant BWP is illustrated in Figure.2, and key points can be summarized below:
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Figure 2: illustration of state transition in dormant BWP framework
· One particular BWP without PDCCH/PDSCH configuration is configured in RRC, i.e. dormant BWP. 

· No PDCCH monitoring configuration is already supported based on Rel-15 specification by configuring no search space for the particular BWP.

· Transitioning between ‘dormancy’ behaviour and normal data transfer on activated SCells in dormant BWP framework are shown in Table 2 and Figure.3.

· Because UE is not expected to receive DCI in the dormant BWP, new signalling or behaviour is needed for Rel-16 to support the transition from dormant BWP to an active BWP with PDCCH / PDSCH configuration. Basically, we have two alternatives to address it: 
· Alt-1 (new signalling): DCI for cross-carrier BWP switch from PCell / PSCell 
· It requires RAN1 input. Note that RAN1 had one email discussion [7] and concluded 3 possible signalling options.
· Alt-2 (new behaviour): UE implicit BWP switch
· We can specify the switching of SCell dormant BWP based on PCell’s active BWP status. For example, one BWP on PCell can be designated as the “power saving BWP” and whenever it is active, SCell’s active BWP is implicitly switched to the dormant BWP, as illustrated in Figure.3. It is most logical to configure the power saving BWP the same as the default BWP on PCell, so that upon BWP timer expiry, SCells are switched to the dormant BWP. For better flexibility, the set of SCells affected by the implicit switching can also be RRC-configured. 

· No new signalling or behaviours are required for all the other transitions. 
	          To From        
	Activated state
	Deactivated state
	Dormancy (dormant BWP)

	Activated state
	
	Legacy signalling: 

· MAC-CE, or

· sCellDeactivationTimer
	No new signalling or behaviour required: 

· DCI to switch to dormant BWP, or

· bwp-InactivityTimer (need to configurate dormant BWP as default BWP)

	Deactivated state
	Legacy signalling: 
· MAC-CE for activation
	
	No direct transition (no new signalling or behaviour): 
· NW first uses MAC-CE to activate SCell, and then uses DCI to switch UE to dormant BWP 

	Dormancy (dormant BWP)
	New signalling or behaviour required:   
· Alt-1: new DCI signalling for cross-carrier BWP switch
· Alt-2: implicit BWP switch
	Legacy signalling: 

· MAC-CE, or

· sCellDeactivationTimer
	


Table 2: state transitions in dormant BWP framework

Observation 6: Because UE is not expected to receive DCI in dormant BWP, new signalling or behaviour is needed to support the transition from dormant BWP to an active BWP with PDCCH / PDSCH configuration.  
Observation 7: RAN1 had discussed and conclude 3 possible signalling options to support DCI for cross-carrier BWP switch from PCell / PSCell.  
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Figure 3: illustration of BWP switch (implicit or explicit cross-carrier signaling) in dormant BWP framework
2.2.2 Latency reduction benefit
Based on the highlighted part in both RAN1 and RAN4 reply LS, we can see both RAN1 and RAN4 are positive on latency benefit of ‘dormancy’ behaviour. 
 Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?
 [RAN1 Answer] RAN1 is still discussing the details of the ‘dormancy’ behaviour. If the SCell is already activated, the latency of a UE from ‘dormancy’ behaviour to normal data transfer can be smaller compared to transition from SCell deactivated to activated state. It is expected that ‘dormancy’ behaviour can reduce at least the same parts of latency as can be reduced with a dormant cell in LTE and further reduce other parts of latency that occur only for NR. There may or may not be additional latency introduced, e.g. for BWP switching. In addition, ‘dormancy’ behaviour reduces the need for deactivated to activated state transitions of SCells and therefore reduces the number of occasions where the long SCell activation latency requirements are applied.
 [RAN4 Answer] Based on the information in R2-1908483, RAN4 understands that a UE operating dormancy behaviour would continue to carry out CSI measurements and beam management on the SCell. 

    With the understanding that the UE is at least still performing CSI measurements and beam managements on the SCell, the latency of a UE from ‘dormancy’ behaviour to normal data transfer  can be smaller compared to transition from SCell deactivated to activated state. ‘Dormancy’ behaviour reduces the need for deactivated to activated state transitions of SCells and therefore reduces the long SCell activation latency requirements THARQ + Tactivation_time + TCSI_Reporting.

    The exact latency from ‘dormancy’ behaviour to normal data transfer depends on the detailed design of the dormancy behaviour.

And according to their response, we provide an analysis which parts of latency can be reduced by dormant BWP in table 3:
	Different parts of latency
	Reduced by dormant BWP?
	Reason why the latency can be reduced?
	Notes

	TCSI_reporting
(i.e. CSI-RS measurements and reporting)
	Yes
	RAN1 reply LS indicates that “at least the same parts of latency as can be reduced with a dormant cell in LTE” (i.e. CSI-RS measurements and reporting)
	For both FR1 and FR2

	Beam management
	Yes
	· Beam management can be regarded as one special CSI-RS measurements in FR2. 
· RAN4 reply LS indicates that “the UE is at least still performing CSI measurements and beam managements on the SCell, the latency of a UE from ‘dormancy’ behaviour to normal data transfer can be smaller compared to transition from SCell deactivated to activated state.”
	· For FR2 only
· Related to Tactivation_time

	AGC setting and fine synchronization (e.g. AFC / ATC)
	Yes
	RAN4 reply LS to RAN1 (R4-1909995) indicates that “When changing active BWP within the bandwidth of the same cell, control loops (AFC/ATC/AGC) are already tuned.”
	· For both FR1 and FR2
· Related to Tactivation_time

	Cell detection
	No 

(not applied)
	Because SCell works in activated state during UE ‘dormancy’, the SCell should be always “known” to the UE.
	· For both FR1 and FR2
· Related to Tactivation_time
· Only for the case of unknown SCell

	THARQ
	Yes
	Compared with MAC-CE processing latency, BWP switching delay is much shorter which is only 1 or 3ms in 15KHz depending on UE capability (type1 or type2 UE) [3]. 
	· For both FR1 and FR2
· Wait RAN4 confirmation


 Table 3: Analysis of latency reduction with dormant BWP

Then, we can provide an evaluation of NR SCell activation latency performance with dormant BWP in Figure 4. As we see, total latency of 2.57ms/4.57ms can be achieved, depending on UE capability of BWP switch. If compared with Rel-15 baseline (28.57ms), the latency gain is ~10x/6x. Note that for the CQI reporting latency (i.e. part H), in the best case, gNB somehow has up-to-date information on the CQI, it can start scheduling data to the UE without incurring H delay. The timeline gain could be even more in this case.
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	B
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	G
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	Sum
	Gain

	0
	0
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	1ms - 3ms

(BWP switch delay)


	0
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	2.57/4.57ms
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	10x/6x


                    Figure 4: NR SCell activation latency performance of dormant BWP
Observation 8: Based on RAN1 / RAN4 inputs, when SCell is known, dormant BWP can significantly reduce NR SCell activation latency in both FR1 and FR2, including TCSI_reporting, Tactivation_time (CSI-RS measurements, beam management, AGC and fine synchronization), and even THARQ via DCI based BWP switch signalling.
Observation 9: Based on RAN1 / RAN4 inputs, NR BWP activation latency gain is approximately 10x to 6x with dormant BWP.

2.2.3 Power consumption impacts
Some companies showed concerns from UE power consumption perspective in [10][11]: the UE needs to perform CSI measurements and reporting on the SCell with dormant BWP, but not on the deactivated SCell. Thus, more power consumption is expected for dormant BWP (compared with deactivated SCell).
We agree that more power consumption is expected for dormant BWP if compared with deactivated SCell. But we also believe that the extra power consumption caused by dormant BWP is marginal. With the UE power consumption model agreed by RAN1 in table 4 [12], we provide a “worst case” analysis on power penalty of dormant BWP, where the “worst case” means only the slot with both SSB/CSI and PDCCH/PDSCH processing is considered and CC scaling factor [12] is not considered:
· Power consumption with dormant BWP: ~500 units
· SCell: 100 units for ‘SSB or CSI-RS proc.’
· PCell: 400 units totally
· 300 units for PDCCH + PDSCH in PCell including monitoring potential cross-carrier BWP switch indication from dormant BWP to activate BWP.
· 100 units for ‘SSB or CSI-RS proc.’
· Power consumption with normal activated SCell: ~800 units

· SCell: 400 units totally for ‘SSB or CSI-RS proc.’ and PDCCH + PDSCH
· PCell: 400 units totally for ‘SSB or CSI-RS proc.’ and PDCCH + PDSCH
· Power consumption with deactivated SCell: ~400 units

· SCell: 0 (if without RRM configured in deactivated SCell) 
· PCell: 400 units totally for ‘SSB or CSI-RS proc.’ and PDCCH + PDSCH
Through the comparison, we can see that compared with normal activated SCell, dormant BWP can reduce power consumption by 62.5% while deactivated SCell can reduce by 50%, i.e. only 12.5% extra power consumption is expected for dormant BWP compared with deactivated SCell. Considering the significant latency reduction benefit, we think the extra power consumption is a minor issue.
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 


Table 4: RAN1 agreed UE power consumption model in FR1
Observation 10: With normal activated SCell as baseline, only 12.5% extra power consumption is expected for dormant BWP compared with deactivated SCell. Considering the significant latency reduction benefit, this extra power consumption is a minor issue.
Finally, based on the analysis on dormant BWP from the perspectives of signalling/procedure impacts, latency reduction benefit and power consumption impacts, we think it make sense to introduce dormant BWP in Rel-16 to achieve ‘dormancy’ behaviour for purposed of NR fast SCell activation. 
Proposal 3: To achieve ‘dormancy’ behaviour, introduce dormant BWP (i.e. configuring a particular BWP without PDCCH/PDSCH but with configurations of CSI/RRM/beamManagement measurement and reporting).

As we analysed before, no new signalling is required to be introduced for the transition from active BWP with PDCCH/PDSCH configuration to dormant BWP. We can just reuse legacy DCI signalling for BWP switch or bwp-InactivityTimer,
Proposal 4: With dormant BWP, RAN2 confirms that the transition from active BWP with PDCCH/PDSCH configuration to dormant BWP can be achieved via legacy DCI signalling for BWP switch or an Inactivity Timer.
Also as analysed before, the only required new signalling or behaviour for dormant BWP is the transition from dormant BWP to an active BWP with PDCCH/PDSCH configuration because the UE is not expected to receive DCI in dormant BWP. Such cross-carrier BWP switch signalling design is within RAN1 scoping, and RAN1 has made progress in last RAN1 meeting. Thus, we propose to leave the design to RAN1. 
Proposal 5: Signalling / Behaviour changes of introducing dormant BWP are only required for the transition from dormant BWP to an active BWP with PDCCH/PDSCH configuration. The exact mechanism (e.g. DCI based cross-carrier BWP switch or UE implicit BWP switch) is left to RAN1.
2.3 Temporary RS
As agreed in RAN2#106 [1], temporary RS will also be studied in RAN2 as a solution for NR SCell activation:

1
Temporary RS resources at SCell activation will be studied as a solution for  fast SCell activation. RAN1/4 input required on feasibility and benefit.
In RAN1 and RAN4 reply LS [3][4], we can see that RAN4 response was positive on supporting temporary RS from both latency benefit and spec change feasibility. However, the highlighted RAN1 response showed that RAN1 was still discussing its benefits.
Q 4:  which part of latency can be reduced via temporary RS and by how much?
 [RAN1 Answer] The benefits of temporary RS are currently under discussion. RAN1 has asked RAN4 in R1-1905912 to provide information on possible extent of reduction in the requirements and feasibility of changing the requirements within Rel-16 timeframe.
 [RAN4 Answer] Tactivation_time can be reduced if additional reference signals are provided immediately after the MAC-CE command for activation (account for UE processing time for MAC-CE command) as in Rel-15 requirements cell detection, AGC adjustment, and fine time/frequency tracking are assumed to be based on SSB or SMTC. RAN4 would like to remind RAN1/2 that UE can only conduct the cell search based on SSB, the samples of SSB used for cell search purpose are indispensable in the cases of activating an unknown cell. 


TCSI_reporting may also be reduced if network configures temporary CSI-RS after UE completes the time-frequency tracking and is ready to monitor the CSI-RS for CSI reporting. 


The exact activation delay depends on RAN1 and RAN2 design.
Based on above analysis, our understanding is:
· RAN1 has not concluded the latency benefit of temporary RS. 
· Both RAN1 and RAN4 are not clear on which specific RS is “temporary RS” (e.g. aperiodic TRS [13] or denser CSI-RS [14]).
Observation 11: For temporary RS, RAN1 has not concluded its latency benefit, and both RAN1 and RAN4 are not clear on which specific RS is the “temporary RS” (e.g. aperiodic TRS or denser CSI-RS).
Given this situation, we suggest RAN2 to postpone the discussion of temporary RS before RAN1/RAN4 provide further inputs. Meanwhile, it is also our understanding that ‘dormancy’ behaviour and temporary RS are not mutually exclusive. In particular, we think that: 

· The temporary RS method works for the transition from deactivated state to activated state, so that the UE can stay in the deactivated state when there is no data to transceive. 
· Compared with SCell dormancy behaviour, temporary RS needs dedicated resource from NW. Thus, it is more suitable for the scenario with less frequent activation of SCell.
Thus, we suggest RAN2 to further discuss temporary RS as solution to speed up the SCell activation from deactivated state to activated state after RAN1/RAN4 provide further inputs.
Proposal 6: Considering ‘dormancy’ behaviour and temporary RS are for different scenarios of reducing latency, RAN2 is suggested to further discuss temporary RS as solution to speed up the SCell activation from deactivated state to activated state after RAN1/RAN4 provide further inputs.
3 Summary
In the contribution, we further discuss how to achieve fast SCell activation in NR based on RAN1 / RAN4 reply LS. We propose:  

Observation 1: According to RAN4 reply LS, the main latency contributor of NR SCell activation latency is Tactivation_time which includes AGC setting and fine synchronization, cell detection (only for unknown SCell) and L1-RSRP measurement with beam management and reporting (only for FR2).
Observation 2: Almost all major latency contributors of Tactivation_time rely on SSB at least in NR Rel-15. 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.
Observation 3: Both RAN1/RAN4 reply LS were quite positive on supporting “dormancy’ behaviour from both latency benefit and spec change feasibility. And furthermore, RAN1 agreed corresponding L1 based mechanism can be supported. 
Observation 4: In RAN#85, it was agreed that RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI” in RP-192326.
Observation 5: According to RAN1 / RAN4 reply LS, SCell ‘dormancy’ behaviour is part of SCell activated state.

Observation 6: Because UE is not expected to receive DCI in dormant BWP, new signalling or behaviour is needed to support the transition from dormant BWP to an active BWP with PDCCH / PDSCH configuration.
Observation 7: RAN1 had discussed and conclude 3 possible signalling options to support DCI for cross-carrier BWP switch from PCell / PSCell.  
Observation 8: Based on RAN1 / RAN4 inputs, when SCell is known, dormant BWP can significantly reduce NR SCell activation latency in both FR1 and FR2, including TCSI_reporting, Tactivation_time (CSI-RS measurements, beam management, AGC and fine synchronization), and even THARQ via DCI based BWP switch signalling.
Observation 9: Based on RAN1 / RAN4 inputs, NR BWP activation latency gain is approximately 10x to 6x with dormant BWP.

Observation 10: With normal activated SCell as baseline, only 12.5% extra power consumption is expected for dormant BWP compared with deactivated SCell. Considering the significant latency reduction benefit, this extra power consumption is a minor issue.
Observation 11: For temporary RS, RAN1 has not concluded its latency benefit, and both RAN1 and RAN4 are not clear on which specific RS is the “temporary RS” (e.g. aperiodic TRS or denser CSI-RS).
Proposal 1: Based on RAN1/RAN4 reply LS, introduce ‘dormancy’ behaviour for NR SCell, i.e. the UE stops monitoring PDCCH on SCell but continues performing CSI measurements, AGC and beam management.

Proposal 2: RAN2 confirms that UE “dormancy” operation is part of SCell activated state (i.e. not as part of SCell deactivated state) and reduced latency is the result of SCell transition from “dormancy” behaviour to normal data transfer of activated SCell.

Proposal 3: To achieve ‘dormancy’ behaviour, introduce dormant BWP (i.e. configuring a particular BWP without PDCCH/PDSCH but with configurations of CSI/RRM/beamManagement measurement and reporting).

Proposal 4: With dormant BWP, RAN2 confirms that the transition from active BWP with PDCCH/PDSCH configuration to dormant BWP can be achieved via legacy DCI signalling for BWP switch or an Inactivity Timer.
Proposal 5: Signalling / Behaviour changes of introducing dormant BWP are only required for the transition from dormant BWP to an active BWP with PDCCH/PDSCH configuration. The exact mechanism (e.g. DCI based cross-carrier BWP switch or UE implicit BWP switch) is left to RAN1.

Proposal 6: Considering ‘dormancy’ behaviour and temporary RS are for different scenarios of reducing latency, RAN2 is suggested to further discuss temporary RS as solution to speed up the SCell activation from deactivated state to activated state after RAN1/RAN4 provide further inputs.
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Appendix 1: NR SCell activation latency requirements 
It is specified in Section 8.3.2 of TS 38.133 [3].
	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 as specified in [7].
Tactivation_time is the SCell activation delay. If the SCell is known and belongs to FR1, Tactivation_time is:

-
[TSMTC_SCell + 5ms], if the SCell measurement cycle is equal to or smaller than [160ms].
-
[TSMTC_MAX + TSMTC_SCell + 5ms], if the SCell measurement cycle is larger than [160ms].
If the SCell is unknown and belongs to FR1, Tactivation_time is:
-
[2*TSMTC_MAX + 2*TSMTC_SCell + 5ms] provided the SCell can be successfully detected on the first attempt.
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_MAX:

-
In FR1, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.

-
In FR2, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided that in Rel-15 only support FR2 intra-band CA.
-
TSMTC_MAX is bounded to a minimum value of 10ms.
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 as specified in [2].
SCell in FR1 is known if it has been meeting the following conditions:

-
During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR1 before the reception of the SCell activation command:

-
the UE has sent a valid measurement report for the SCell being activated and
-
the SSB measured remains detectable according to the cell identification conditions specified in section 9.2 and 9.3.

-
the SSB measured during the period equal to max([5] measCycleSCell, [5] DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in section 9.2 and 9.3.
Otherwise SCell in FR1 is unknown.

If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the activation command, TSMTC_Scell follows smtc1 or smtc2 according to the physical cell ID of the target cell being activated. TSMTC_MAX follows smtc1 or smtc2 according to the physical cell IDs of the target cells being activated and the active serving cells.
In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command specified in [2] for an SCell at the first opportunities for the corresponding actions once the SCell is activated.
The interruption on PSCell or any activated SCell in SCGfor EN-DC mode specified in section 8.2 shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms + TSMTC_MAX + TSMTC_duration ].

The interruption on PCell or any activated SCell in MCG for NR standalone mode specified in section 8.2 shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms + TSMTC_MAX + TSMTC_duration].
Starting from the slot specified in section 4.3 of [3] (timing for secondary Cell activation/deactivation) and until the UE has completed the SCell activation, the UE shall report out of range if the UE has available uplink resources to report CQI for the SCell.


Appendix 2: NR CQI reporting requirements
It is specified in Section 5.4 of TS 38.214 [4].
	When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, the UE shall provide valid CSI report(s), 

-
if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref , and

-
if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts no earlier than at symbol Z'ref, 

where Zref is defined as the next uplink symbol with its CP starting 
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after the end of the last symbol in time of the latest of: aperiodic CSI-RS resource for channel measurements, aperiodic CSI-IM used for interference measurements, and aperiodic NZP CSI-RS for interference measurement, when aperiodic CSI-RS is used for channel measurement for triggered CSI report n. 

If the PUSCH indicated by the DCI is overlapping with another PUCCH or PUSCH, then the CSI report(s) are multiplexed following the procedure in subclause 9.2.5 of [9, TS 38.213] and subclause 5.2.5 when applicable, otherwise the CSI report(s) are transmitted on the PUSCH indicated by the DCI.

When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts earlier than at symbol Zref,
-
the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH.

When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts earlier than at symbol Z'ref, for report n,
-
the UE may ignore the scheduling DCI if the number of triggered reports is one and no HARQ-ACK or transport block is multiplexed on the PUSCH

-
Otherwise, the UE is not required to update the CSI for the triggered CSI report n.

Z and Z' are defined as: 
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, where M is the number of updated CSI report(s) according to Subclause 5.2.1.6, [image: image12.png](Z(m).Z'(m))



 corresponds to the m-th updated CSI report and is defined as

-
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 of the table 5.4-1 if the CSI is triggered without a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied (according to Subclause 5.2.1.6) and the CSI to be transmitted in a single CSI and corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports in a single resource without CRI report and where CodebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', or

-
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 of the table 5.4-2 if the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports in a single resource without CRI report and where CodebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', or

-
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 of the table 5.4-2 if reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP', [image: image20.png]where Xu



is according to UE reported capability beamReportTiming  and KBl is according to UE reported capability beamSwitchTiming as defined in [13, TS 38.306], or
-
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 of table 5.4-2 otherwise.

-
µ of table 5.4-1 and table 5.4-2 corresponds to the min (µPDCCH, µCSI-RS, µUL) where the µPDCCH corresponds to the subcarrier spacing of the PDCCH with which the DCI was transmitted and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted and µCSI-RS corresponds to the minimum subcarrier spacing of the aperiodic CSI-RS triggered by the DCI

Table 5.4-1: CSI computation delay requirement 1
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Table 5.4-2: CSI computation delay requirement 2
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It may be difficult to read. We can illustrate in below Figure 7.
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Figure 7: Illustration of CQI reporting latency requirement in 38.214
Then, for 15KHz case, we have 

· Wideband CSI (including CRI/CQI/RI) needs 22 OFDM symbol = 1.57ms

· Sub-band CSI (including CRI/CQI/RI) needs 40 OFDM symbol = 2.86ms
Please note that such latency requirement is based on assumption that CQI tracking loop is already stable, i.e. initial CQI warm up time is not included. If the UE has not performed CQI estimation when UE is ready for SCell PDCCH monitoring, initial CQI warm up time can’t be ignored.
Appendix 3: Summary of latest RAN4 requirements on NR SCell activation latency in FR1 and FR2
	NR SCell Activation Delay
	Tactivation_time

	FR1
	known cell
	measCycleSCell ≤160ms
	TSMTC_SCell + 5ms

	
	
	measCycleSCell >160ms
	TSMTC_MAX + TSMTC_SCell + 5ms

	
	unknown cell 
	2×TSMTC_MAX + 2×TSMTC_SCell + 5ms

	FR2
	one active serving cell on the same band
	SCell with SSB
	TSMTC_SCell + 5ms

	
	
	SCell without SSB
	5ms

	
	no active serving cell on the same band
	known cell
(SCell activation command and TCI state activation command at the same time)


	TMAC-CE,SCell + TFineTiming + 2ms

	
	
	known cell
(TCI state activation command is received after the SCell activation command)
	max{ TMAC-CE,SCell, Tuncertainty} + TMAC-CE_TCI + TFineTiming + 2ms

	
	
	unknown cell 
	TMAC-CE,SCell + 24* TSMTC_SCell + TL1-RSRP,measure + TL1-RSRP,report + Tuncertainty + TMAC-CE,TCI + TFineTiming + [TCSI-RS_resource_configuration] +2ms
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