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1. Introduction
In RAN2#106[1], it was agreed that both dormancy behavior and temporary RS resources at Scell activation will be studied as solution for fast SCell activation. A LS is sent to RAN1 for further input on feasibility and benefit.
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.
This contribution provides delay reduction analysis based on RAN1 and RAN4 reply LS[], and provide consideration on how to implement dormancy per RAN2 point of view.
2. Discussion
2.1. Delay reduction analysis
In NR R15, the SCell activation delay can be illustrated as following figure where SCell activation is assumed to be completed between n+k and n+M.


Figure 1, timeline for SCell activation in NR R15

The value of k in figure 1 is slots According to 38.321[4, 5.3], which is more than 3ms and varies according to k1 and slot duration. The value of M represents the minimum requirement for SCell activation. 
According to 38.133[5], the value of M equals to [THARQ + Tactivation_time + TCSI_Reporting]. This value varies depending on different conditions, e.g. whether the SCell belongs to FR1 or FR2, the value of SMTC configuration of the SCell to be activated or active SCell, SCell measurement cycle and whether the SCell is known or unknown, CSI resource configuration and CSI report configuration.
The value of Tactivation_time is largely affected by SMTC periodicity. For SCell belonging to FR1 and is known, this value varies from 15ms to 325ms. For SCell belonging to FR1 and is unknown, its value varies from 45ms to 645ms. For SCell belongs to FR2 and intra-band CA, its value varies from 15ms to 165ms. The 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. The maximum delay of SCell activation is at least as large as values summarized as following table.
	Conditions \ Tactivation_time
	SMTC=5ms
	SMTC=160ms

	FR1, known SCell, 
SCellMeasureCycle<=160ms
	TSMTC+5ms 
= 15ms
	TSMTC+5ms 
165ms

	FR1, known SCell, 
SCellMeasureCycle>160ms
	TSMTC_MAX + TSMTC_SCell + 5ms
= 5+10+5=20ms
	TSMTC_MAX + TSMTC_SCell + 5ms
=160+160+5ms=325ms

	FR1, Unknown SCell
	2*TSMTC_MAX + 2*TSMTC_SCell + 5ms
= 2*5+2*10+5=35ms
	2*TSMTC_MAX + 2*TSMTC_SCell + 5ms
=2*160+2*160+5=645ms

	FR2, intra band CA
	TSMTC_SCell + 5ms 
= 10+5=15ms
	TSMTC_SCell + 5ms 
=160+5 = 165ms



The delay for direct SCell activation via RRC message is different from via SCell activation command. We can assume the total delay comprises of [RRC message handling delay + Tactivation_time + TCSI_Reporting]. According to 38.331 [2], the minimum requirement for RRC message handling delay is 10ms/16ms depending on the content of RRC reconfiguration. Tactivation_time is the same as in the case of SCell activation via MAC CE case.
RAN4 confirms Tactivation_time is the main contributor to SCell activation delay[3]:
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.
Observation 1. SCell activation via MAC CE and direct SCell activation via RRC message share the same delay component Tactivation_time, which is main delay contributor.
Further, RAN1[2] and RAN4[3] confirms SCell activation delay can be reduced with dormancy behavior solution:
 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.
According to RAN4 and RAN1 answer, the long SCell activation delay [THARQ + Tactivation_time + TCSI_Reporting] is no longer needed due to keeping CSI measurement and beam management in dormancy. Instead, an additional L1 signaling delay be introduced to switch from dormancy behavior to normal state.
In last RAN1 meeting, it was agreed L1 based signaling will be employed for transition between dormancy-like and non-dormancy like behavior. One of the candidate solution is DCI indicating the BWP switching in SCell. Thus we can assume, if use BWP switch solution, the transition delay is same as BWP switching delay.
	Agreements 1:
From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported
‘dormancy-like’ => sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting 


As specified in TS38.133[5], the BWP switching delay varies from 0.75ms to 3ms depending on UE capability and numerology. 
Table 8.6.2-1: BWP switch delay
	[image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wps864F.tmp.png]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.


Observation 2. Delay for transition from dormancy behavior to non-dormancy behavior is L1 signaling delay, e.g. BWP switching delay which ranges from 0.75 to 3ms.
For the temp RS solution, RAN1[2] and RAN4[3] answers as following:
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.
According to RAN4 answer, Tactivation_time and TCSI_reporting can also be reduced if additional reference signals are provided immediately after the SCell activation MAC CE command, and temporary CSI-RS when UE is ready for CSI-RS reporting. 
For unknown SCell, additional delay is required for UE to acquire SSB. For known SCell, the delay can be reduced greatly since the main delay component Tactivation_time can be reduced.
Observation 3. With Temp RS, SCell activation delay can be reduced significantly for both SCell activation via MAC CE and activation via RRC configuration, due to the elimination of Tactivation_time and TCSI_reporting.
In our understanding, the dormancy behavior and temp RS solution are suitable to different scenarios.
With dormant behavior, there will be less chances to transit a SCell to deactivated state due to traffic inactivity. Transition delay from dormancy behavior to non-dormancy behavior is quite low. However, the cost is UE power consumption for keeping CSI measurement/reporting and beam management. It is preferable to transit it to deactivated state for further UE power saving after a period of time inactivity.
Further, RAN2 has agreed to support direct configuration of an SCell in activated state during handover, SCell addition, SCG change and FFS resume procedure. As analysis above, direct SCell activation via RRC message share the similar SCell activation delay as SCell activation via MAC CE.
Per our understanding, dormancy behavior solution reduces the chances to transit SCell to deactivated state. However, it cannot reduce the delay in SCell activation from deactivated state and the delay in direct activation via RRC configuration.
Observation 4. With dormancy behavior solution, the chances of transition from deactivated to activated SCell state is reduced. However, dormancy behavior solution cannot cover SCell activation via MAC CE and direct RRC configuration which is still frequent even if dormancy behavior solution is applied. 
Thus, we propose:
Proposal 1. Adopt both dormancy behavior and temp RS solutions for R16 NR.
2.2. Dormancy solution
Per RAN1 agreement, ‘dormancy-like’ behavior is “sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting”. In current RAN1 discussion, there are various candidate L1 signaling solutions. However, from RAN2 point of view, the straight forwarding way is to configure a BWP with sparse or no PDCCH occasions.
In downlink, PDCCH, PDSCH, SPS and RLM configuration are all optionally configurable per BWP. The CSI resource for measurement is also configured based on BWP. 
BWP-DownlinkDedicated information element
-- ASN1START
-- TAG-BWP-DOWNLINKDEDICATED-START

BWP-DownlinkDedicated ::=           SEQUENCE {
    pdcch-Config                        SetupRelease { PDCCH-Config }                   OPTIONAL,   -- Need M
    pdsch-Config                        SetupRelease { PDSCH-Config }                   OPTIONAL,   -- Need M
    sps-Config                          SetupRelease { SPS-Config }                      OPTIONAL,   -- Need M
    radioLinkMonitoringConfig        SetupRelease { RadioLinkMonitoringConfig }    OPTIONAL,   -- Need M
    ...
}

-- TAG-BWP-DOWNLINKDEDICATED-STOP
-- ASN1STOP

Thus, dormancy can be implemented by a downlink BWP with sparse/no PDCCH configuration, and a CSI reporting configuration which is associated with downlink BWP. To implement dormancy behavior with current BWP mechanism provides more flexibility than other options. Sparse PDCCH and no PDCCH monitoring differs merely in PDCCH configuration.
In this way, the transition between dormancy behavior and non-dormancy behavior can be regarded as BWP switching between a normal configured BWP to the BWP with sparse/no PDCCH configuration.
Proposal 2. Dormancy behavior is implemented by configuring a downlink BWP with sparse/no PDCCH configuration and a CSI reporting configuration associated with the downlink BWP.
Till now, there is no discussion on the uplink behavior when current active downlink BWP is in dormancy. For unpaired spectrum, a downlink BWP is linked to a uplink BWP which share same BWP ID. While for paired spectrum, BWP operation for downlink and uplink are independent.
In LTE euCA dormant SCell state solution, all uplink transmission on the dormant SCell is stopped. However, we think it is not necessary for dormancy behavior in NR. We see no reason UE cannot transmit PUCCH and SRS on the uplink BWP when SCell is in dormancy. While for PUSCH, PRACH and configure grant, they should not be transmitted if there is no PDCCH configuration on the dormancy downlink BWP. However, it is unclear whether PUSCH and configured grant can be transmitted if the PDCCH configuration is ‘sparse’. Thus, we think the uplink behavior should be more flexible than dormant SCell state in LTE euCA.
Following are the uplink BWP configuration IE, dedicated part:
BWP-UplinkDedicated information element
-- ASN1START
-- TAG-BWP-UPLINKDEDICATED-START

BWP-UplinkDedicated ::=             SEQUENCE {
    pucch-Config                        SetupRelease { PUCCH-Config }                 OPTIONAL,   -- Need M
    pusch-Config                        SetupRelease { PUSCH-Config }                 OPTIONAL,   -- Need M
    configuredGrantConfig             SetupRelease { ConfiguredGrantConfig }       OPTIONAL,   -- Need M
    srs-Config                          SetupRelease { SRS-Config }                    OPTIONAL,   -- Need M
    beamFailureRecoveryConfig        SetupRelease { BeamFailureRecoveryConfig }  OPTIONAL,   -- Cond SpCellOnly
    ...
}

-- TAG-BWP-UPLINKDEDICATED-STOP
-- ASN1STOP
Because PUSCH, PUCCH, PRACH, SRS and configured grant are configurable per BWP, the flexibility in uplink behavior can be implemented by configuring an uplink BWP which is applied when downlink BWP is switched to the dormancy downlink BWP. Thus this is no need to specify the uplink behavior explicitly in specification.
Proposal 3. Uplink behavior for a SCell in dormancy is implement by configuring a proper uplink BWP.
As analyzed above, for PUCCH SCell, the network can configure a downlink BWP with dormancy behavior. Per our understanding, this will not impact PUCCH transmission on this SCell. Applying dormancy behavior to PUCCH SCell is beneficial to further UE power saving. 
Proposal 4. Dormancy behavior can be applied to any SCell, including PUCCH SCell.
In theory, any configured downlink BWP on a SCell can be configured with dormancy, including initial downlink BWP and first active downlink BWP. However, we cannot see necessity to do so. Per our understanding, the network will transit a SCell to dormancy when it is not needed for data scheduling, i.e. UE traffic volume becomes low. This is very similar to the condition when switching active BWP to default BWP. Thus it is reasonable to configure default BWP as the dormancy BWP. 
If default BWP is used to implement dormancy behavior, current BWP inactivity timer is also used to transit non-dormancy to dormancy behavior.
Proposal 5. It is preferred that default BWP is used to implement dormancy behavior by configuring default BWP with sparse/no PDCCH configuration.
3. Summary
Observation 1. SCell activation via MAC CE and direct SCell activation via RRC message share the same delay component Tactivation_time, which is main delay contributor.
Observation 2. Delay for transition from dormancy behavior to non-dormancy behavior is L1 signaling delay, e.g. BWP switching delay which ranges from 0.75 to 3ms.
Observation 3. With Temp RS, SCell activation delay can be reduced significantly for both SCell activation via MAC CE and activation via RRC configuration, due to the elimination of Tactivation_time and TCSI_reporting.
Observation 4. With dormancy behavior solution, the chances of transition from deactivated to activated SCell state is reduced. However, dormancy behavior solution cannot cover SCell activation via MAC CE and direct RRC configuration which is still frequent even if dormancy behavior solution is applied. 
Proposal 1. Adopt both dormancy behavior and temp RS solutions for R16 NR.
Proposal 2. Dormancy behavior is implemented by configuring a downlink BWP with sparse/no PDCCH configuration and a CSI reporting configuration associated with the downlink BWP.
Proposal 3. Uplink behavior for a SCell in dormancy is implement by configuring a proper uplink BWP.
Proposal 4. Dormancy behavior can be applied to any SCell, including PUCCH SCell. 
Proposal 5. It is preferred that default BWP is used to implement dormancy behavior by configuring default BWP with sparse/no PDCCH configuration.
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