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Introduction
In RAN2#105 meeting, whether to support ‘dormant state’ for SCell was briefly discussed and there is no conclusion. It was suggested that:
=>	Next meeting discuss what the UE is required to do to speed up activation and how to do it.  
In this contribution, we justify the necessity of ‘dormancy’ behavior with CSI measurement/report and discuss how to realize it. 
Discussion
2.1 SCell ‘Dormant State’ in LTE euCA 
In LTE euCA, the concept of ‘dormancy’ is introduced for SCell, i.e. a new ‘Dormant SCell state’ is supported in addition to ‘activated’ and ‘deactivated’ state.  For the SCell in dormant state, UE doesn’t monitor PDCCH and only perform period CSI report sparsely.  
Without dormant SCell state, the SCell should be deactivated when there is no data to be scheduled. Then the SCell will be activated again by MAC CE later when additional radio resources are required. The SCell activation delay from deactivated to activated state is long, during which UE initiates CSI measurement and sends CSI reports. The network can start scheduling on the SCell only after the initial CSI report is received. The frequent transition between activated state and deactivated state is not efficient to offload the bursty traffic. 
If the SCell is kept in dormant state, the SCell activation delay can be reduced to 8ms, since the delay for initial CSI measurement and reporting is reduced by continuous CSI report.  Compared with the deactivated state, more UE power consumption is expected due to the continuous CSI measurement and report. So the resources for CSI report is configured sparsely to balance the UE power consumption. 
Observation 1: The dormant state in LTE euCA can help to reduce the SCell activation delay by continuous CSI measurement and reporting. UE power consumption can be balanced by sparse CSI resource allocation.  
2.2 SCell Activation Delay in NR
In Rel-16 DC/CA enhancement, early measurement is supported, which can decrease the overall DC/CA setup latency dramatically, since the measurement can be performed earlier before UE transition from IDLE/INACTIVE to CONNECTED. 
In RAN2#105 meeting, RAN2 further agreed that the configured SCells (MCG and SCG) can be configured in deactivated or activated state by RRC upon addition or after a handover.  It can further reduce the latency for initial SCell activation by skipping the reception of the MAC CE for SCell activation. 
Although early measurement and direct SCell state configuration can reduce the overall latency of initial DC/CA setup, those methods can’t help to reduce SCell activation delay in the following SCell state transitions from deactivated to activated state. 
Observation 2: After the initial DC/CA setup and SCell activation, early measurement and direct SCell state configuration can’t help to reduce SCell activation latency in the following SCell state transitions from deactivated to activated state.
The SCell activation delay is illustrated in Figure 1. 


Figure 1 SCell Activation Delay
The SCell activation delay includes following elements:
1. Timing between DL data transmission and acknowledgement (THARQ), 
2. SCell activation time (Tactivation_time): It consists of the time duration for RF preparation, ACG tuning, cell search, fine time tracking as well as the extra margin for post-processing.
3. CSI reporting delay (TCSI_reporting). 
Observation 3: In NR, the SCell activation delay consists of MAC CE decoding for HARQ ACK, SCell activation delay for RF preparation, ACG tuning, cell search, fine time tracking etc. and CSI reporting delay. 
In NR, the SCell activation delay is mainly determined by N times of SMTC periodicity. For FR1, N equals to 1 or 2 for the cases that the SCell is known and unknown respectively. For FR2, N has not been completely decided for all cases. CSI reporting delay mainly consider the time duration for CSI measurement, processing and waiting for the first available UL resource. 
In LTE the SCell activation delay is fixed, which is 24ms or 34ms depending on whether the prior SCell measurements are available or not. In NR, the SCell activation delay is variable, mainly determined by SMTC periodicity, FR1 or FR2, as well as the different scenarios, which can be much longer than the delay in LTE. The dominate contributor to the SCell activation delay is the activation time for RF preparation, ACG tuning, cell search, fine time tracking as well as the extra margin for post-processing. Taking FR1 with SMTC periodicity of 20ms as example, if the SCell is known, the SCell activation delay can be as long as 85ms. 
Observation 4:  In NR, the SCell activation delay is variable and can be much longer than the delay in LTE in certain scenarios. The dominate contributor is SCell activation time for RF preparation, ACG tuning, cell search, fine time tracking etc. determined by SMTC periodicity, FR1 or FR2 and the different scenarios. 
2.3 ‘Dormancy’ in NR
The SCell activation delay in NR will be long in certain scenarios. It can be reduced if the individual element especially the dominant factor i.e. SCell activation time can be reduced.  In LTE euCA, the ‘dormant state’ can help to further reduce the SCell activation delay, it is worthwhile to consider whether to support the ‘dormancy behavior’ in NR to reduce SCell activation delay.  The dormancy behavior means UE doesn’t need to monitor PDCCH and only performs CSI measurement and reporting. In order to reduce SCell activation time, UE should prepare RF in advance and continues ACG, cell search, fine time tracking etc. when performing CSI measurement and reporting. Therefore, the SCell activation delay can be significantly reduced. 
Observation 5:  The SCell activation delay can be reduced significantly if UE prepares RF in advance, continues ACG, cell search, fine time tracking etc. and perform CSI measurement/reporting before the SCell is effectively activated for data transmission.
In NR, BWP operation is supported. Data transmission/reception are performed per BWP on top of the activated serving cells.  The BWP switching for a serving cell is used to activate an inactive BWP and deactivate an active BWP. So all the physical channels including PDCCH, PDSCH, PUCCH, PUSCH, PRACH, etc are configured per BWP instead of per cell. The BWP switching is controlled by DCI, by the bwp-InactivityTimer, by RRC signalling, or by the MAC entity itself upon initiation of Random Access procedure. 
Observation 6: In NR, BWP operation is introduced and data transmission/reception are performed per BWP on top of the activated serving cells.  
If the concept of ‘Dormancy’ is introduced in NR, how to realize it and make it compatible with BWP operation should be considered.  One option is to define the ‘dormancy’ on the level of serving cell, same as LTE. In NR, the first active BWP is defined, which is the BWP UE perform data transmission/reception upon SCell activation. If the SCell is in dormant state, where to monitor the CSI-RS should be clarified.   In this option, the state transitions among activated, dormant and deactivated should be supported. It will requires new MAC CEs and new procedures in MAC layer, which is very complicated.
Observation 7: If dormant state is introduced on the level of serving cells (e.g. dormant SCell), new MAC CEs and new procedures in MAC layer to support state transitions among activated, dormant and deactivated should be specified. 
The other option is to realize the ‘dormancy’ behaviors on the level of BWP.  Actually, suspending PDCCH monitoring doesn’t necessarily need to create a new SCell state in NR. A particular BWP without PDCCH/PDSCH configuration can be configured to effectively realize the same behavior as in dormant state. When the network intends to make UE only perform CSI measurement and reporting without PDCCH monitoring, BWP switching to the particular BWP can be performed.
Basically, only a particular BWP without PDCCH/PDSCH is configured by RRC. BWP switching with DCI can be used to send UE to the particular BWP. No new MAC CE and state transition procedure from activated to dormant state need to be defined.  
Observation 8: If dormancy behavior is introduced on the level of BWPs (i.e. configuring a particular BWP without PDCCH/PDSCH), state transition from activated to dormant state can be supported by BWP switching. 
2.4 Latency Analysis with Particular BWP
The latency benefit of BWP switching delay over SCell activation delay is illustrated in Figure 2. In BWP switching to the particular BWP, at least THARQ to send HARQ feedback for the MAC CE and TCSI_reporting for CSI reporting can be avoided. 
Observation 9:  With configuration of the particular BWP, the latency can be reduced at least by THARQ and TCSI_reporting for sending HARQ feedback for the MAC CE and CSI reporting.
In the optimum case, the BWP switching delay is only 2-3 ms, which is much shorter than the SCell activation delay, which can be as long as tens of ms. In order to get the full latency benefit of BWP switching, it may require UE to keep RF on and performs cell search and fine time tracking incessantly. The side effect is additional power consumption at the UE side. 
Observation 10: In order to get the full latency benefit of BWP switching, UE may be required to keep RF on and performs cell search and fine time tracking incessantly in the particular BWP. 
Since UE needs to keep RF on, continues ACG, cell search, fine time tracking, CSI measurement/reporting etc. on the particular BWP, additional UE power may be consumed compared with when the SCell is deactivated. Considering the tradeoff between UE power consumption and SCell activation delay, the additional UE power consumption compared with SCell deactivation needs to be evaluated and determine whether the expense is acceptable to obtain the benefit of latency reduction. Table 1 illustrates the power consumption in the following cases with FTP traffic in different DRX configuration:
· Case 1: PCell+ SCell deactivated (basic CA operation);
· Case 2: PCell+ SCell only performs CSI measurement/reporting;
· Case 2: PCell+SCell activated.  
Table 1 Simulation results for Power Consumption for different cases/traffic
	FTP traffic
Average power (units)
	Case 1
	Case 2 (power increment)
	Case 3

	Config1*
	52.33 
	53.15
	+1.5%
	81.21
	+55%

	Config2 (320ms periodicity)
	41.40 
	44.77
	+8.1%
	65.56
	+58%

	Config3 (80ms, inactivity timer 50ms)
	45.87
	51.88
	13.1%
	73.23
	59.6%

	VoIP**
	41.47
	47.50 
	14.5%
	68.86 
	66%

	Instant Messaging***
	10.94
	14.29
	30.6%
	18.51
	69.2%

	* FTP traffic model: Packet size 0.5 Mbyte, Mean packet arrival time 200 ms, default DRX setting (Period, inactivity timer, OnDuration) = (160 ms, 100 ms, 8 ms) as described in TR38.840 
** VoIP traffic model: As defined in R1-070674 with DRX setting (Period, inactivity timer, OnDuration) = (40 ms, 10 ms, 4 ms) as described in TR38.840
*** Instant messaging traffic model: Packet size 0.1 Mbyte, Mean packet arrival time 2000 ms, DRX setting (Period, inactivity timer, OnDuration) = (320 ms, 80 ms, 10 ms) as described in TR38.840


For FTP traffic, the power increment in case 2 that UE performs CSI measurement/reporting is 1.5%, 8.1% and 13.1% for different DRX configurations compared with the basic CA operation that the SCell is deactivated; the average power is increased by 55%, 58% and 59.6% for different DRX configurations if the SCell is always in activated state. 
For VoIP traffic, the power increment in case 2 is 14.5% compared with the basic CA operation that the SCell is deactivated; the average power is increased by 66% in case 3. For instant messaging, the power increment in case 2 is 30.6% compared with the basic CA operation; the average power is increased by 69.2% if the SCell is always in activated state. 
Although the percentage of power increment depends on what baseline power consumption is considered, the absolute value of the power increment is small. 
Observation 11:  The absolute value of power increment to prepare RF in advance, continues ACG, cell search, fine time tracking etc. and perform CSI measurement/reporting before the SCell activation is marginal.
Proposal 1: The ‘dormancy’ behavior, that UE doesn’t monitor PDCCH and performs CSI measurement and reporting, is supported for SCell in Rel-16 to reduce the SCell activation delay. 
Proposal 2: A particular BWP without PDCCH/PDSCH can be configured for the SCells. The SCell dormancy is realized by BWP switching to the particular BWP. 
If SCell dormancy can be realized by BWP switching to the particular BWP without PDCCH/PDSCH, there is no need to support SCell dormant state as in LTE euCA for the same purpose. 
 Proposal 3:  New ‘dormant state’ for SCell in MAC layer is not supported in Rel-16 DCCA enhancement. 


Figure 2 SCell activation delay vs. BWP switching delay
2.5 BWP switching from particular BWP to active BWP
Since there is no PDCCH/PDSCH configured for the particular BWP, one immediate question is how to perform BWP switching from the particular BWP to an active BWP when there is large amount of data for transmission. 
One possible option is explicit BWP switching signaling through cross-carrier scheduling. From RAN2 aspect, it has minimum impact to RAN2. However, RAN1 may have concerns to utilize cross-carrier scheduling due to the control resource limitation in PCell.
Another possible option is to define implicit rules to enable BWP switching from the particular BWP to an active BWP. In the realistic network, SCell is typically utilized to offload large packets on PCell. For the case where data size is small, SCell will not be activated to be in use. Therefore, BWP switching can be bundled between PCell and SCell. 
For example, when UE adapts from a smaller BW to a larger BW in PCell, BWP adaption from the particular BWP to an active BWP for the SCells is also performed at the same time.  The set of SCells following the PCell (PScell) and the bundling relation among the BWPs of PCell and SCells can be configured by the network.  In this way, both PCell control resource overhead and SCell activation latency through BWP switching can be minimized. 
Observation 12: The implicit rule by bundling BWP switching between PCell and SCells can minimize both the PCell control resource overhead and SCell activation latency. 
Proposal 4: RAN2 consider to define the implicit rule by bundling BWP switching between PCell and SCells. 
Conclusion
Observations: 
Observation 1: The dormant state in LTE euCA can help to reduce the SCell activation delay by continuous CSI measurement and reporting. UE power consumption can be balanced by sparse CSI resource allocation.  
Observation 2: After the initial DC/CA setup and SCell activation, early measurement and direct SCell state configuration can’t help to reduce SCell activation latency in the following SCell state transitions from deactivated to activated state.
Observation 3: In NR, the SCell activation delay consists of MAC CE decoding for HARQ ACK, SCell activation delay for RF preparation, ACG tuning, cell search, fine time tracking etc. and CSI reporting delay. 
Observation 4:  In NR, the SCell activation delay is variable and can be much longer than the delay in LTE in certain scenarios. The dominate contributor is SCell activation time for RF preparation, ACG tuning, cell search, fine time tracking etc. determined by SMTC periodicity, FR1 or FR2 and the different scenarios. 
Observation 5:  The SCell activation delay can be reduced significantly if UE prepares RF in advance, continues ACG, cell search, fine time tracking etc. and perform CSI measurement/reporting before the SCell is effectively activated for data transmission.
Observation 6: In NR, BWP operation is introduced and data transmission/reception are performed per BWP on top of the activated serving cells.  
Observation 7: If dormant state is introduced on the level of serving cells (e.g. dormant SCell), new MAC CEs and new procedures in MAC layer to support state transitions among activated, dormant and deactivated should be specified. 
Observation 8: If dormancy behavior is introduced on the level of BWPs (i.e. configuring a particular BWP without PDCCH/PDSCH), state transition from activated to dormant state can be supported by BWP switching. 
Observation 9:  With configuration of the particular BWP, the latency can be reduced at least by THARQ and TCSI_reporting for sending HARQ feedback for the MAC CE and CSI reporting.
Observation 10: In order to get the full latency benefit of BWP switching, UE may be required to keep RF on and performs cell search and fine time tracking incessantly in the particular BWP. 
Observation 11:  The absolute value of power increment to prepare RF in advance, continues ACG, cell search, fine time tracking etc. and perform CSI measurement/reporting before the SCell activation is marginal.
Observation 12: The implicit rule by bundling BWP switching between PCell and SCells can minimize both the PCell control resource overhead and SCell activation latency. 
Based on the observations, we propose:
Proposal 1: The ‘dormancy’ behavior, that UE doesn’t monitor PDCCH and performs CSI measurement and reporting, is supported for SCell in Rel-16 to reduce the SCell activation delay. 
Proposal 2: A particular BWP without PDCCH/PDSCH can be configured for the SCells. The SCell dormancy is realized by BWP switching to the particular BWP. 
Proposal 3:  New ‘dormant state’ for SCell in MAC layer is not supported in Rel-16 DCCA enhancement.
Proposal 4: RAN2 consider to define the implicit rule by bundling BWP switching between PCell and SCells. 
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