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1. Introduction
In email discussion 107#32, to suspend whole SCG is discussed. This contribution provides further consideration on two potential options of SCG suspension.
2. Discussion
In email discussion 107#32[1], most companies believe it is beneficial for UE consumption in the case when there is no data scheduling on SCG, UE overheating and when there is VoLTE on MCG.
Observation 1. There are cases where suspending the whole SCG is beneficial for UE power consumption.
Per our understanding, the SCG addition delay comprise delay for SN addition in network side (assuming 20ms), and the PSCell addition delay which requirement is specified in 38.133.
For NR-DC:
	Upon receiving PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards PSCell no later than in subframe n + Tconfig PSCell:
Where:
	Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms


The PSCell addition comprise [Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms] which including the delay for RRC reconfiguration procedure, SW processing time, AGC settling and PSS/SSS detection, fine time tracking and uncertainty in acquiring first PRACH occasion. AGC settling and fine time tracking time largely depends on whether the target cell is known and SMTC period.
To calculate the PSCell delay, taking following assumption:
- SMTC period is 20ms and configured to UE via RRC reconfiguration message
- PRACH delay is 10ms
- SN addition delay in network side is 20ms
Then, the PSCell addition delay for FR1 is about 88ms for an known cell, and 118ms for unknown cell. For FR2, this value is 118ms for known cell and 562ms if PSCell is unknown.
For NE-DC[2]:
	Upon receiving E-UTRAN PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards E-UTRAN PSCell no later than in subframe n+ Tconfig_EUTRAN-PSCell:
Where:
Tconfig_EUTRAN-PSCell = 20ms + Tactivation_time + 50ms + TPCell_ DU + TE-UTRAN-PSCell_ DU


Where:
- Tactivation_time is E-UTRAN PSCell activation delay. It is 20ms if assuming PSCell is known.
- TE-UTRAN-PSCell_DU is the delay uncertainty in acquiring the first available PRACH occasion in the E-UTRAN PScell.
- TPCell_ DU is the delay uncertainty due to PCell PRACH preamble transmission.
Thus, the PSCell addition delay is at least 90ms, assuming PSCell is known and no delay in acquiring PRACH occasion for preamble transmission.
Observation 2. The PSCell addition delay is significant. In NR-DC, assuming STMC period is 20ms, it varies from about 88ms to hundreds ms, depending on whether the target PSCell is known, FR1 or FR2 and SMTC period. And in NE-DC, this delay is at least 90ms.
To optimize for this scenario, one potential solution is to “suspend” the whole SCG. The basic idea is to stop or reduce PDCCH monitoring on the SCG, including PSCell, because PDCCH monitoring is assumed the main UE power consumption contributor when there is no data scheduling. There are at least potential solutions to implement SCG suspension. One is to apply dormancy behavior which is discussed for SCell activation to PSCell. And another is to transit PSCell to deactivated state. 
To evaluate different solutions, transition delay and UE power consumption are the key criteria.The SCG should be transited from suspend state quickly to meet bursty data traffic requirement. However, low latency and low UE power consumption is contradictory.
At the same time, both solutions may involve signaling across cell group, e.g. activation SCG via MCG. The impact on specification complexity should also be taken into consideration.
Proposal 1. UE power consumption, transition delay and impact on specification should be take into consideration when evaluating SCG suspension solutions.
2.1. Option 1: Apply Dormancy behavior to SCG
In previous RAN1 meeting, it is agreed to adopt dormancy behavior for fast SCell activation;
	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 


For a SCell transited to dormancy behavior, UE power consumption is reduced due to sparse/no PDCCH monitoring. And the delay required for transition from dormancy behavior to non-dormancy behavior is believed to be similar to BWP switch delay, i.e. less than 3ms.
It seems natural to align SCG suspension with this SCell dormancy behavior to achieve a common solution. However, dormancy behavior is still not clear till now, .e.g. whether dormancy means no PDCCH monitoring or allow sparse PDCCH monitoring, and whether PUCCH is allowed on a SCell in dormancy behavior. 
Further, dormancy behavior is designed for fast SCell activation till now. There are issues to be considered if extend dormancy behavior to PSCell.
Issue 1: How to activate PSCell from dormancy behavior
Per RAN1 agreement, L1 signaling will be used to activate a dormancy SCell from a serving cell with the same cell group. If the whole SCG including PSCell is transited to dormancy behavior, how to activate PSCell to non-dormancy behavior?
This issue depends whether there is sparse PDCCH configuration on PSCell when it is in dormancy. If there is no PDCCH configuration on the PSCell dormancy BWP, activation signaling has to be transmitted via MCG. If there is sparse PDCCH configuration on the PSCell in dormancy, activation signaling can be transmitted via the PSCell if delay is acceptable. 
If activation signaling is to be transmitted via MCG, L1 signaling may be preferred to achieve a common solution as dormancy for SCell. In summary:
Alternative 1: Activate PSCell via MCG, either L1 signaling, MAC CE or RRC signaling. The activation delay may include SN->MN signaling delay and activation signaling delay.
Alternative 2: Activate via PSCell which is configured with sparse PDCCH in dormancy behavior. The delay depends on the period of PDCCH occasions and L1 signaling delay.
Issue 2: How to activate PSCell in dormancy behavior upon UL data arrival
This issue is related to how to notice network upon UL data arrival. There are following alternatives:
Alternative 1: Transmit SR if PUCCH can be configured on PSCell in dormancy behavior. As analysis in our another contribution[3], we see no problem in supporting PUCCH transmission on serving cell in dormancy.
Alternative 2: If PUCCH is not configured on PSCell in dormancy behavior, UE initiate PRACH on PSCell and perform BWP switch to initial BWP autonomously. Current MAC specification already support this.
Alternative 3: To define new signaling via MCG, either MAC CE or RRC message. This alternative brings additional delay used for MN->SN notification on UL data arrival.
Issue 3: whether CSI reporting is required and how to report it when SCG is in dormancy
Per our understanding, it is unclear till now whether CSI reporting is mandatory for SCell in dormancy behavior. Keeping CSI reporting is helpful in reducing delay required for CSI reporting upon activating SCG. However, when PSCell can be transited to dormancy, whether CSI reporting is mandatory depends needs further discussion.
If PUCCH can be configured for PSCell in dormancy behavior, there is no difference to non-dormancy behavior on CSI reporting. Otherwise, additional specification effort is needed to support CSI reporting for SCG serving cells via MCG. Further, it is not clear whether the CSI reporting is valid due to MN->SN transmission delay since CSI reporting is used for fast data scheduling.
Issue 4: measurement to support mobility and signal quality variation
In email discussion[1], issue is raised whether UE perform RRM measurement, beam management and RLM for PSCell in dormancy behavior. Per our understanding, RRM measurement is helpful for UE mobility. The network can reconfigure SCG or release SCG based on the measurement report. Beam management and RLM is also helpful to avoid SCG invalid due to mobility or signal quality. On the other side, these measurement consumes more UE power. This is contradictory to UE power saving intention.
Issue 5: whether and how to maintain TA alignment for PSCell in dormancy
If PUCCH and SRS are not configured or stopped on PSCell in dormancy, there is no need to maintain time alignment. However, if TA is not maintained, additional delay is required for to restore TA alignment upon transition PSCell to non-dormancy. Thus it is worthy to discuss whether Time alignment is maintained for PSCell in dormancy and how to maintain it.
Observation 3. To implement SCG suspension with dormancy behavior, there are several issues to be discussed: e.g. transition from dormancy to non-dormancy for PSCell, whether CSI reporting is needed and how to perform it, whether RLM/beam management is needed and how to perform it, and whether TA is required to maintain and how to do it. Different solutions to these issues have different impact on transition delay, UE power consumption and specification complexity.
2.2. Option 2: SCG in deactivated or INACTIVE
This option includes two alternatives: transition all serving cell into deactivated state, or keep SCG in INACTIVE (store SCG configuration but not apply it). They are very similar in activation delay.
According current 38.321 specification, when a SCell in deactivated state, there is no DL/UL transmission and no PDCCH monitoring. RRM measurement on the SCell can be still performed if it is configured.
	1>	if the SCell is deactivated:
2>	not transmit SRS on the SCell;
2>	not report CSI for the SCell;
2>	not transmit on UL-SCH on the SCell;
2>	not transmit on RACH on the SCell;
2>	not monitor the PDCCH on the SCell;
2>	not monitor the PDCCH for the SCell;
2>	not transmit PUCCH on the SCell.


To implement SCG suspension by keeping all serving cells of SCG in deactivated, following issues should be considered:
Issue 1: How to activate PSCell from dormancy behavior
Because there is no PDCCH monitoring for deactivated service cell, activation signaling has to be transmitted via MCG. Either MAC CE or RRC signaling is feasible.
Alternative 1: new MAC CE used for PSCell activation via MCG. Signaling delay is specified in 38.213.
Alternative 2: new RRC message used for PSCell activation via MCG. RRC procedure delay replace HARQ delay in alternative 1.
In both alternatives, there is addition SN-> MN signaling delay upon DL data arrival in SN.
Issue 2: How to activate PSCell in deactivated upon UL data arrival
Alternative 1: UE initiate RACH procedure on PSCell to notify UL data arrival. The delay is RACH delay.
Alternative 2: To define new signaling via MCG, either, MAC CE or RRC message. This alternative brings additional delay used for MN->SN signaling.
Issue 3: measurement support mobility and signal quality
Only RRM measurement can be supported in this option. Network should be able to reconfigure SCG based on measurement report.
Issue 4: activation delay and UE power consumption
Different to option 1, UE will not perform CSI measurement/reporting for deactivated serving cell, i.e. AGC and fine T/F tracking is not maintained. Thus, the activation delay is similar to PSCell addition which is summarized in 2.1 of this contribution.
However, as discussed in previous RAN2 meeting, temp RS solution is considered for delay reduction in SCell activation via MAC CE and RRC configuration. If temp RS solution is applied to PSCell activation, the activation delay can be reduced. It seems it is more fair to evaluate option 2 after discussion of temp RS.
On the other hand, UE power consumption is much lower due to there is no CSI measurement and reporting/RLM/beam management.
Observation 4. To implement SCG suspension with deactivated/RRC INACTIVE like solution, the transition delay is similar to PSCell addition delay if no optimization is adopted, e.g. temp RS solution for SCell activation. Further, how to activate SCG from deactivated on DL and UL data arrival also has impact on activation delay and specification complexity.
Based on the observation, we think it is reasonable to defer SCG suspension to later release due to the very limited time unit and complexity to implement SCG suspension. 
Proposal 2. Postpone SCG suspension discussion to later release.
3. Summary
Observation 1. There are cases where suspending the whole SCG is beneficial for UE power consumption.
Observation 2. The PSCell addition delay is significant. In NR-DC, assuming STMC period is 20ms, it varies from about 88ms to hundreds ms, depending on whether the target PSCell is known, FR1 or FR2 and SMTC period. And in NE-DC, this delay is at least 90ms.
Observation 3. [bookmark: _GoBack]To implement SCG suspension with dormancy behavior, there are several issues to be discussed: e.g. transition from dormancy to non-dormancy for PSCell, whether CSI reporting is needed and how to perform it, whether RLM/beam management is needed and how to perform it, and whether TA is required to maintain and how to do it. Different solutions to these issues have different impact on transition delay, UE power consumption and specification complexity.
Observation 4. To implement SCG suspension with deactivated/RRC INACTIVE like solution, the transition delay is similar to PSCell addition delay if no optimization is adopted, e.g. temp RS solution for SCell activation. Further, how to activate SCG from deactivated on DL and UL data arrival also has impact on activation delay and specification complexity.
Proposal 1. UE power consumption, transition delay and impact on specification should be take into consideration when evaluating SCG suspension solution.
Proposal 2. Postpone SCG suspension discussion to later release.
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5. ANNEX: PSCell addition delay in NR-DC
	8.9.2	PSCell Addition Delay Requirement
The requirements in this section shall apply for the UE configured with only PCell.
Upon receiving PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards PSCell no later than in subframe n + Tconfig PSCell:
Where:
	Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
	TRRC_delay is the RRC procedure delay as specified in TS 38.331 [2].
	Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms if PSCell is in FR1, Tprocessing = 40 ms if PSCell is in FR2.
	Tsearch is the time for AGC settling and PSS/SSS detection.
	For NR PSCell in FR1: if the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 3* Trs ms;	
	For PSCell in FR2: if the target cell is a known inter-frequency cell, Tsearch = 0 ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ [-2]dB, then Tsearch = 24* Trs ms.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = 1*Trs ms.
	TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TPSCell_ DU is up to x*10 +10 ms. x is defined in the table 6.3.3.2-2 of TS 36.133 [6].
	Trs is the SMTC periodicity of the target cell if the UE has been provided with an SMTC configuration for the target cell in PSCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this section is applied with Trs = [5] ms assuming the SSB transmission periodicity is [5] ms. There is no requirements if the SSB transmission periodicity is not 5 ms.
The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].



6. ANNEX: PSCell addition delay in NE-DC
	[bookmark: _Toc5952666]8.8.2	E-UTRAN PSCell Addition Delay Requirement
The requirements in this section shall apply for the UE which is configured with PCell, and may also be configured with one or more SCells.
Upon receiving E-UTRAN PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards E-UTRAN PSCell no later than in subframe n+ Tconfig_EUTRAN-PSCell:
Where:
Tconfig_EUTRAN-PSCell = 20ms + Tactivation_time + 50ms + TPCell_ DU + TE-UTRAN-PSCell_ DU
Tactivation_time is the E-UTRAN PSCell activation delay. If the E-UTRAN PSCell is known, then Tactivation_time is 20ms. If the E-UTRAN PSCell is unknown, then Tactivation_time is 30ms provided the E-UTRAN PSCell can be successfully detected on the first attempt.
TPCell_ DU is the delay uncertainty due to PCell PRACH preamble transmission. TPCell_ DU is up to 20ms if E-UTRAN PSCell activation is interrupted by a PCell PRACH preamble transmission, otherwise it is 0.
TE-UTRAN-PSCell_DU is the delay uncertainty in acquiring the first available PRACH occasion in the E-UTRAN PSCell. TE-UTRAN-PSCell_DU is up to 30ms.
E-UTRAN PSCell is known if it has been meeting the following conditions:
During the last [5] seconds before the reception of the E-UTRAN PSCell configuration command:
-	the UE has sent a valid measurement report for the E-UTRAN PSCell being configured and
-	the E-UTRAN PSCell being configured remains detectable according to the cell identification conditions specified in clause 8.8 of TS 36.133 [15],
-	E-UTRAN PSCell being configured also remains detectable during the E-UTRAN PSCell configuration delay according to the cell identification conditions specified in clause 8.8 of TS 36.133 [15].
otherwise it is unknown.
The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].







