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1 Introduction
NOTE:
RAN2 sent an LS to RAN1/RAN4 in RAN2#106 meeting [14]. This document is intended to provide a solution for the case RAN1/RAN4 replies that ‘dormancy’ can reduce SCell activation latency and feasible to support it from RAN1/RAN4 perspective.
In RAN2#105 [1], whether to support dormant state was discussed, but not concluded:
To support or not support dormant state

-
Samsung thinks that there are different solutions to speed up activation and the dormant state may not be needed.  LG, Intel agrees with Samsung. 

-
ZTE has shown that the gain we can have in NR are better than LTE 

-
Mediatek supports the dormant state but the question is how to realize it.    

-
Oppo, Qualcomm, CATT supports the dormant state.  

-
Nokia agrees with both views and we should allow CQI report and how it is done can be further discussed.  

-
Huawei is not that much supporting of this but still discussing in RAN1.   Ericsson also doesn’t support a similar dormant state as in LTE and we should consider power saving.  

-
NEC thinks Nokia approach is good and we can forget about the concept of the dormant state and focus the reporting.  

=>
Next meeting discuss what the UE is required to do to speed up activation and how to do it.  

It seems different companies had quite different opinions on how to speed up activation via fast CQI reporting, i.e. whether to support dormant state. In the contribution, we discuss how to achieve fast SCell activation in NR.
2 Discussion  
Before we discuss different solutions, we need to first understand the solutions specified in LTE euCA, and then understand RAN4/RAN1 requirements on NR SCell activation delay requirement for deactivated SCell.
2.1 Fast SCell activation solution specified in LTE euCA

Basically, two solutions were specified in LTE euCA for fast CQI reporting: dormant SCell and short CQI reporting
2.1.1 Dormant SCell
As shown in Figure.1, the dominant contributor of LTE SCell activation latency is the latency to obtain the “initial valid CQI reporting” after the UE is ready to monitor SCell PDCCH at subframe n+8. Specifically, it lasts from n+8 to n+24 (i.e. up to 16ms) for case of known SCell, and includes two parts: 
· CQI estimation warm-up time: duration for UE’s pre-requisites of CRS and initial CQI measurement to build CQI tracking loop. It depends on UE implementation.
· CQI reporting time: it depends on configured periodicity of CQI reporting. 
In Rel-15, besides activated and deactivated SCell state, a new dormant SCell state is introduced, characterized by UE not monitoring PDCCH but continuing with CQI/RRM measurements and reporting. Specifically, with dormant state, the UE keeps CQI measurement and reporting for the dormant SCell, so that both CQI warm-up time and CQI reporting time can be performed before the slot n+8. Thus for dormant to active state transition, as shown in Figure 1, delay for first scheduling can be reduced to n+8 from n+24, compared to activation from deactivated state. 
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Figure 1: illustration of LTE SCell activation latency
Although dormant SCell can significantly reduce LTE SCell activation latency, it introduces new state transitions based on MAC-CE [2]. In euCA WI, there was quite lot of discussion about whether to adopt MAC-CE base design vs. PDCCH based design. MAC-CE based design was adopted to align legacy MAC-CE based state transition design to avoid any L1 PDCCH changes and also simplifies eNB implementation requiring no changes to L1.
Observation 1: in LTE euCA, dormant SCell can eliminate both initial CQI warm-up time and CQI reporting time, by allowing UE not monitoring PDCCH but continuing with CQI measurements and reporting.
Observation 2: dormant SCell also introduces new state transitions based on MAC-CE to align with legacy MAC-CE based SCell state transitions. 
2.1.2 Short CQI reporting

SCell can be configured with a “short CQI” reporting periodicity to be used after Scell activation. This reporting periodicity is valid from n+8 to n+34. However, please note that this solution can only reduce the CQI reporting interval, but it does not help to reduce the initial CQI warm-up time. Thus, there is no latency reduction gain when compared with dormant SCell. In our understanding, short CQI reporting was introduced as alternative solution of dormant SCell. 
Observation 3: in LTE euCA, short CQI reporting was introduced as alternative solution of dormant SCell. It can only reduce CQI reporting interval but does not help UE to reduce initial CQI warm-up time, which is the real bottleneck for LTE SCell activation. 
2.2 Analysis of NR SCell activation latency
In TS 38.133 [3], 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 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 2, 
· 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 [4]. It is indicated in part H of Figure 2.
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Figure 2: 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)
For Table 1, we need to emphasize two points:

· 20ms SMTC is assumed. We think it is a typical configuration in NR. 5ms SMTC is allowed but it incurs high overhead in NW side. We should not discuss based on 5ms SMTC.
· CQI reporting latency of 1.57ms can be achieved based on following two assumptions (details in appendix 2):

· Aperiodic CQI is used. If only periodic CQI is allowed, then at 4ms is required.

· According to RAN1 discussion, 22 symbols (1.57ms in 15KHz) 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, it can’t be ignored.
It looks 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 4: 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.  
Since the SCell activation latency is even longer than LTE, NR SCell activation reduction solution should address the above issues.

Proposal 1: NR fast SCell activation solution should target to reduce the latency caused by AGC, initial CQI warm up, beam management (for FR2) and MIB reading (for unknown SCell) all of which require SSB monitoring. 
2.3 Dormant BWP

As analysed in Section 2.1, the key design principle of dormant SCell is to allow the UE to perform continuous CQI estimation and reporting even when no PDCCH/PDSCH is monitored, so that Network can schedule the UE in n+8 upon SCell activation from SCell dormant state. Compared with deactivated state, additional small delta UE power consumption is expected due to the CSI measurement and reporting (as function of CSI reporting periodicity), but it will help to significantly reduce power consumption than SCell active state. Thus, a separate CSI reporting cycle can be configured to balance the UE power consumption and latency reduction. For bursty traffic applications, by performing fast state transitions between active and dormant states will result in net UE power reduction along with reduced latency benefit.
In NR, the concept of ‘dormancy’ is still useful to reduce SCell activation latency: the time-consuming parts (i.e. AGC, initial CQI warm up, beam management and MIB reading) can also be performed when the UE doesn’t monitor PDCCH/PDSCH, to reduce SCell activation latency. Note that AGC, initial CQI warm up, beam management and MIB reading can be all performed based on SSB. Thus, a separate SMTC monitoring cycle can also be configured to balance the UE power consumption and latency reduction.

Observation 5: In NR, AGC, initial CQI warm up, beam management and MIB reading can be all performed based on SSB monitoring.  

Proposal 2: Similar ‘dormancy’ behaviour in LTE euCA can be supported in NR, i.e. the UE can be configured to measure SSB with a separate SMTC monitoring cycle for AGC, initial CQI warm up, beam management and MIB reading when no PDCCH/PDSCH is expected, to achieve trade-off between activation latency reduction and UE power consumption.  
Note that introducing ‘dormancy’ behaviour doesn’t mean we need to introduce SCell dormant state. As we analysed in Section 2.1, one of main issue of dormant SCell is the state transition based on MAC-CE. It requires new MAC-CE and new procedures in MAC layer. In [5] [6], a new “dormancy” behaviour achieved in BWP level was proposed without introducing SCell dormant state, which is illustrated in Figure 3. Specifically, the dormant BWP requires:
· 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.

· No new SCell state (i.e. SCell dormant) is introduced, and thereby no MAC-CE state transition is required. All the state transitions in dormant BWP framework are shown in Table 2 and Figure 3. 
· The only new signalling or behaviour proposed for Rel-16 is for the transition from dormant BWP to active BWP with PDCCH/PDSCH configuration because the UE is not expected to receive DCI in dormant BWP. We have two alternatives to address it: 
· Alt-1 (new signalling): DCI for cross-carrier BWP switch from PCell / PSCell 
· It requires RAN1 input. One feasible solution can be found in our RAN contribution [13].
· 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.4. 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 state transitions. 
· The SCell activation latency (i.e. latency of switch from dormant BWP to active BWP with PDCCH/PDSCH configuration) can be further reduced since the BWP switching delay is shorter compared with SCell state transition, which is only 1/3ms in 15KHz depending on UE capability (type1 or type2 UE) [3]. 

[image: image3.emf]Deactivated 

State

Activated State

Dormant 

BWP

Active BWP 

with PDCCH/

PDSCH

M

A

C

-

C

E

M

A

C

-

C

E

 

o

r

 

s

C

e

l

l

D

e

a

c

t

i

v

a

t

i

o

n

T

i

m

e

r

Legacy DCI 

Or

bwp-InactivityTimer 

DCI for cross-carrier 

BWP switch

Or

Implicit BWP switch


Figure 3: illustration of state transition in dormant BWP framework
	          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
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Figure 4: illustration of BWP switch (implicit or explicit cross-carrier signaling) in dormant BWP framework
Observation 6: With dormant BWP, no new SCell state is required to be introduced, and thereby no MAC-CE based state transition is required.  
Observation 7: With dormant BWP, the only required new signalling or behaviour is for 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.  
Observation 8: The SCell activation latency (i.e. latency of switch from dormant BWP to active BWP with PDCCH/PDSC configuration) can be further reduced since the BWP switching delay is shorter compared with MAC-CE based SCell state transition, which is only 1/3ms in 15KHz depending on UE capability. 
Proposal 3: In NR, it is not required to introduce new SCell dormant state like LTE euCA. Instead, ‘dormancy’ behaviour can be supported by configuring a particular BWP without PDCCH/PDSCH (i.e. dormant BWP). 

Proposal 4: With dormant BWP, the SCell activation latency can be further reduced by switching from dormant BWP to an active BWP with PDCCH/PDSCH configuration via DCI. 
Proposal 5: With dormant BWP, the transition from active BWP with PDCCH/PDSCH configuration to dormant BWP can be achieved via legacy DCI signalling for BWP switch or bwp-InactivityTimer.
Proposal 6: Signalling / Behaviour changes of introducing dormant BWP are only required for the transition from dormant BWP to an active BWP with PDCCH/PDSCH configuration. FFS exact mechanism (e.g. DCI based cross-carrier BWP switch or UE implicit BWP switch). Send LS to RAN1 if required.
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	k0
	K1+A
	B
	C+D+E
	F
	I
	G
	H
	Sum
	Gain

	0
	0
	0


	1ms - 3ms

(BWP switch delay)


	0

(performed in dormancy)
	1.57ms 

(assume 22 symbol)
	2.57/4.57ms

(depending on UE capability)
	10x/6x


                    Figure 5: NR SCell activation latency performance of dormant BWP
SCell activation latency performance of dormant BWP is illustrated in Figure 5. 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. 
Observation 9: By using dormant BWP, NR BWP activation latency gain is approximately 10x to 6x.
Besides significant benefit in reduction of NR SCell activation latency, dormant BWP can also achieve good power saving performance. During period of low traffic activity, activated SCell(s) can have its active BWP switched to the dormant BWP; The UE would continue monitoring DL control channel on the PCell, but not on the SCell(s) with dormant BWP being active. With fast L1 signalling for transitions in-and-out of dormant BWP, the SCell can quickly adapt to short-term traffic variations for power saving. In contrast, SCell activation/deactivation via MAC-CE / SCellDeactivationTimer, with its higher overhead and latency, is used much less frequently and only on a much large time scale. Support for dormant BWP on SCell provides additional flexibility and power saving on top of C-DRX which applies to PCell and SCell jointly. Figure 6 illustrates an example of the relative timeline.
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Figure 6: Timeline example of SCell state, BWP, traffic, and C-DRX operation.
It should be emphasized that quick adaptation of PDCCH monitoring is only one aspect for SCell power saving and enabling fast re-activation of SCell (i.e. switch from dormant BWP to active BWP with PDCCH/PDSCH configuration). Other aspects include periodic operations, e.g. CSI, beam management, also can be relaxed by separate duty cycle in dormant BWP to achieve good tradeoff between power consumption and re-activation latency. Therefore, we think that BWP adaptation is a suitable framework to support the switching between ‘dormancy’ (i.e. low power) and fully active operations, compared to adapting different aspects with separate mechanisms.

Observation 10: Dormant BWP facilitates quick adaptation based on DCI-signalling of SCell operations (e.g. PDCCH monitoring) to short-term traffic variations, which otherwise would not be feasible with existing MAC-CE based SCell activation/deactivation mechanism due to high overhead and latency. This also provides power saving benefits and additional flexibility for SCell operations.
2.4 Discussion of Rel-16 solutions
Besides dormant BWP, we have other 3 solutions on the table [5-12], which are summarized in table 3. Through comparison, we think dormant BWP can achieve better latency reduction performance without introducing new SCell state. The only required new signalling is DCI for cross-carrier BWP switch from PCell / PSCell in case of transition from dormant BWP to active BWP with PDCCH/PDSCH configuration. Thus, we think it is preferred.
For other solutions, our considerations are:

· Alt-2: dormant SCell
· We don’t see any benefit over dormant BWP, but introducing new MAC-CE, new MAC behavior and BWP switch design.  
· Alt-3: short CQI reporting
· We think that it doesn’t really help because it can only reduce CQI reporting interval but does not help to reduce latency of AGC, CQI estimation warm up, beam management and MIB reading. CQI reporting interval can be as short as 1.57ms in NR if aperiodic CQI or semi-persist CQI are used. So, if dormant BWP is introduced, it is quite useless.
· Alt-4: CQI configuration in deactivated state
· Our concern is that if UE CQI measurements are always required as long as SCell is configured and deactivated, it is bad for UE power saving. Typically, SCell is configured upon RRC connection setup and SCell is kept in deactivated state as long as there is no more data to schedule and SCell gets activated for scheduling data. For bursty data, lower latency is required, and dormant BWP is more suitable. 
Proposal 7: It is not required to introduce following solutions for fast SCell activation in NR: dormant SCell, short CQI reporting and CQI configuration in deactivated state.

	Solution
	Pros
	Cons
	Note

	Alt-1: dormant BWP
	· No new SCell state is introduced

· No new MAC-CE signaling for transition from/to “dormancy” to/from activated state

· SCell activation latency can be further reduced because of short BWP switching delay (1/3ms)
	Need to introduce cross-carrier BWP switch for the transition from dormant BWP to active BWP with PDCCH/PDSCH configuration.
	QC [5],
MTK [6]

	Alt-2: dormant SCell


	Less spec efforts (LTE euCA specified)


	· State transition: require new MAC-CE and corresponding UE behaviour change

· Needs further spec efforts on how to handle BWP transition, e.g. 

· which BWP to start with dormant SCell 

· whether BWP switch allowed in state transition
	ZTE [7], 

CATT [8],

OPPO [9]

	Alt-3: short CQI reporting
	Less spec efforts (LTE euCA specified)


	· No latency reduction (CQI warm up time can’t be eliminated)

· Semi-persistent CQI or Aperiodic CQI may work better
	Huawei [10],
CATT [8],

Samsung [11]

ZTE [7]

	Alt-4: CQI configuration in deactivated state
	Less spec efforts since it is simple

	UE CQI measurement behavior in deactivated will be totally up to NW control, which is bad for UE power saving. Especially, SCell is typically configured as deactivated state upon RRC connection setup. 
	Nokia [12]


 Table 3: Comparison of Rel-16 solutions for NR fast SCell activation
3 Summary
In the contribution, we discuss how to achieve fast SCell activation based on dormant BWP in NR. We propose:  

Observation 1: in LTE euCA, dormant SCell can eliminate both CQI estimation warm-up time and CQI reporting time, by allowing UE not monitoring PDCCH but continuing with CQI measurements and reporting.

Observation 2: dormant SCell also introduces new state transitions based on MAC-CE. It is quite complex and limits the use scenario of dormant SCell. 
Observation 3: in LTE euCA, short CQI reporting was introduced as alternative solution of dormant SCell. It can only reduce CQI reporting time. If dormant SCell can be supported, it is useless. 
Observation 4: 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 is much sparser than CRS in LTE, it results in longer NR SCell activation latency than LTE.  
Observation 5: In NR, AGC, initial CQI warm up, beam management and MIB reading can be all performed based on SSB monitoring.  

Observation 6: With dormant BWP, no new SCell state is required to be introduced, and thereby no MAC-CE based state transition is required.  
Observation 7: With dormant BWP, the only required new signalling or behaviour is for 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.  
Observation 8: The SCell activation latency (i.e. latency of switch from dormant BWP to active BWP with PDCCH/PDSC configuration) can be further reduced since the BWP switching delay is shorter compared with MAC-CE based SCell state transition, which is only 1/3ms in 15KHz depending on UE capability. 
Observation 9: By using dormant BWP, NR BWP activation latency gain is approximately 10x to 6x.

Observation 10: Dormant BWP facilitates quick adaptation based on DCI-signalling of SCell operations (e.g. PDCCH monitoring) to short-term traffic variations, which otherwise would not be feasible with existing MAC-CE based SCell activation/deactivation mechanism due to high overhead and latency. This also provides power saving benefits and additional flexibility for SCell operations.
Proposal 1: NR SCell activation latency should target to reduce the latency caused by AGC, CQI estimation warm up, beam management (for FR2) and MIB reading (for unknown SCell) all of which require SSB monitoring. 
Proposal 2: Similar ‘dormancy’ behaviour in LTE euCA can be supported in NR, i.e. the UE can be configured to measure SSB with a separate SMTC monitoring cycle for AGC, initial CQI warm up, beam management and MIB reading when no PDCCH/PDSCH is expected, to achieve trade-off between activation latency reduction and UE power consumption.  
Proposal 3: In NR, it is not required to introduce new SCell dormant state like LTE euCA. Instead, ‘dormancy’ behaviour can be supported by configuring a particular BWP without PDCCH/PDSCH (i.e. dormant BWP). 
Proposal 4: With dormant BWP, the SCell activation latency can be further reduced by switching from dormant BWP to an active BWP with PDCCH/PDSCH configuration via DCI. 
Proposal 5: With dormant BWP, the transition from active BWP with PDCCH/PDSCH configuration to dormant BWP can be achieved via legacy DCI signalling for BWP switch or bwp-InactivityTimer.
Proposal 6: Signalling / Behaviour changes of introducing dormant BWP are only required for the transition from dormant BWP to an active BWP with PDCCH/PDSCH configuration. FFS exact mechanism (e.g. DCI based cross-carrier BWP switch or UE implicit BWP switch). Send LS to RAN1 if required.

Proposal 7: It is not required to introduce following solutions for fast SCell activation in NR: dormant SCell, short CQI reporting and CQI configuration in deactivated state.
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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: image14.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: image22.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
-
[image: image24.png](Z;.23)



 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.
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