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1 	Introduction
In RAN4 #101-e meeting, a WF [1] was agreed on further discussions of efficient activation/de-activation mechanism for SCG. There are still some remaining issues. In this paper, we provide some analysis on the remaining issues.
2 Discussion
2.1 Measurement requirements for deactivated SCG
One of the goals of introducing deactivated SCG is for power saving. To achieve this goal, RRM measurement on deactivated PSCell should be relaxed. There are several ways for relaxing RRM measurement on deactivated PSCell:
· introduce a “measCycleSCell”-like parameter or reuse “measCycleSCell”
· use a hypothetical DRX cycle
· update the current definition of CSSF for PSCell
From our perspective, the first and the second bullets are the same in essential. We prefer to follow RRM measurement on deactivated SCell and introduce a parameter which may be “measCyclePSCell”. As for the DRX cycle applied to measurement on deactivated PSCell, we suggest to follow the current requirement. If SCG DRX cycle is configured, then use SCG DRX cycle. Otherwise, assume no DRX cycle. The proponents of the last bullet proposed to lower the priority of deactivated PSCell and define CSSF in a way that deactivated PSCell and SCells share a common search equally. But only changing CSSF in this way may not save power as the measurement on deactivated PSCell is relaxed while the measurement on deactivated SCells becomes more frequently. 
Therefore, we hold the opinion that measurement requirements for deactivated SCG can be relaxed like RRM measurement on deactivated SCell. The interruption due to L3 measurement on deactivated SCG also use the interruption due to L3 measurement on deactivated SCell as a baseline.
[bookmark: _Hlk91857541]Proposal 1: Introduce a parameter measCyclePSCell for relaxation of RRM measurement on deactivated PSCell.
Proposal 2: If SCG DRX cycle is configured, then SCG DRX cycle applies to the measurement on PSCell. Otherwise, no DRX cycle is assumed.
Proposal 3: Do not consider modifying deactivated PSCell measurement in terms of CSSF.
Proposal 4: Use the interruption due to L3 measurement on deactivated SCell as a baseline of the interruption due to L3 measurement on deactivated SCG.
2.2 SCG Activation/deactivation delay
In RAN4#101-e meeting, the following agreements have been achieved.
	Issue 2-2-4: Whether to consider unknown PSCell in PSCell activation delay
Both known and unknown PSCell are considered in PSCell activation delay.
Issue 2-2-5: PSCell deactivation delay
· RRC based PSCell de-activation delay requirements follow the PSCell release delay requirements as defined in section 8.9.3., i.e.,
Upon receiving SCG deactivation command in slot n, the UE shall accomplish the SCG deactivation actions specified in TS 38.331 [2] no later than in slot :
· MAC CE based (if RAN2 agree with MAC CE based PSCell deactivation) PSCell de-activation delay requirements follow the legacy SCell deactivation delay can be used as a baseline., i.e.,
Upon receiving SCG deactivation command in slot n, the UE shall accomplish the deactivation actions for the SCG being deactivated no later than in slot n +.
Issue 2-2-6: Direct SCG activation delay
· PSCell activation delay can reuse the legacy requirement of PSCell addition.
· FFS if multiple cells (PSCell+SCell(s)) in the deactivated SCG are directly activated.



Two main issues remain unsettled. One is the delay requirement of PSCell activation from deactivated state. Another is whether to define requirements for multiple cells (PSCell+SCell(s)) activation.
· Delay requirements for PSCell activation from deactivated state

In RAN2#115e, RAN2 had reached the following agreements on RACH-less SCG activation.
	Network-triggered SCG activation:
· 1: The TAT associated with the PSCell continues running when the SCG is switched from activated to deactivated state and the UE considers the TA as valid as long as it is still running.
· 2: If instructed by the network in the SCG activation indication, the UE performs random access towards the PSCell (even if the TAT is still running). 
· [bookmark: _Hlk91839364]3: The SCG activation indication can indicate the TCI state (with or without BWP switching) for PDCCH/PDSCH reception. Otherwise, the UE uses the previously activated TCI states and the network should ensure that the relevant TCI states are configured and activated for the UE to monitor PDCCH at RACH-less SCG activation. 
· 4: The UE performs RLM and BFD on PSCell while the SCG is deactivated if network configures it.


As both RACH and RACH-less SCG activation are supported in RAN2, RAN4 needs to discuss the requirements for both the two cases respectively. Since RAN2 has not decided to introduce MAC CE based PSCell activation yet. We focus on RRC based PSCell activation only.
· RACH based SCG activation
RACH based SCG activation procedure resembles the existing PSCell addition delay procedure. The existing requirement for PSCell addition delay in NR-DC is specified as follows:
	38.133 clause 8.9.2
Upon receiving PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards PSCell in FR2 no later than in subframe n + Tconfig_PSCell Upon receiving PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards PSCell in FR2 no later than in slot :
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 = 40 ms.
	Tsearch is the time for AGC settling and PSS/SSS detection. If the target cell is known, Tsearch = 0 ms. If the target cell is unknown and the target cell Ês/Iot ≥ -2dB, Tsearch = 24* Trs ms.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = 1*Trs ms for a known or unknown PSCell.
	TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TPSCell_ DU is up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in Table 8.1-1 of TS 38.213 [3].
	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 clause is applied with Trs = 5 ms assuming the SSB transmission periodicity is 5 ms. There is no requirement if the SSB transmission periodicity is not 5 ms.


We analyse each part of the delay requirement one by one.
· TRRC_delay: Now we are only discussing RRC based PSCell activation. The existing TRRC_delay can be reused. 
· Tprocessing: In this part we focus on the delay requirement for PSCell activation from deactivated mode. As the activation command is indicated in RRC, some parameters for PSCell can be modified. If any parameter for PSCell is modified, SW processing time is needed in UE and Tprocessing can be 20ms. Otherwise Tprocessing can be 0ms.
· Tsearch: Follow the same methodology of the existing PSCell addition. If the target cell is known, Tsearch = 0 ms. If the target cell is unknown, Tsearch = 3*Trs ms for FR1 and 24*Trs ms for FR2.
· T∆: It is the time for time/frequency fine tracking. Even if RRM and RLM/BFD measurement on deactivated PSCell is ongoing, accurate time/frequency tracking may not be well guaranteed. Therefore T∆ = 1*Trs ms is needed.
· TPSCell_DU: We see no difference between the existing PSCell addition and PSCell activation from deactivated mode in RACH procedure. This part can be the same as the existing PSCell addition.
Proposal 5: Delay requirement for RACH based PSCell activation from deactivated state can be defined as 
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
· Tprocessing can be 20ms if any PSCell parameter is modified, and 0ms otherwise.
· T∆ remains unchanged and is 1*Trs ms.
· RACH-less SCG activation
As RAN2’s agreements, one of the conditions for RACH-less SCG activation is that TAT is running and TA is regarded as valid. RAN2 also reached the agreement “The SCG activation indication can indicate the TCI state (with or without BWP switching) for PDCCH/PDSCH reception. Otherwise, the UE uses the previously activated TCI states and the network should ensure that the relevant TCI states are configured and activated for the UE to monitor PDCCH at RACH-less SCG activation.”. In our understanding, if network does not know the TCI state status, it is not possible for network to active a suitable TCI state or ensure the previously activated TCI state still suitable. So known TCI state at both UE and network should be another condition for RACH-less SCG activation. To get to know the TCI state, we think BFD should be configured and no BF is detected. 
In summary, RACH-less based SCG activation shall met the following conditions
· TAT is running and TA is regarded as valid,
· TCI state is known for both UE and network,
· BFD should be configured and no BF is detected.

We propose that the RACH-less SCG activation delay can be specified as below. The starting point of the delay is defined upon receiving the SCG activation command, and the ending point upon transmitting PUSCH on the PSCell.
Tconfig_PSCell =TRRC_delay + Tprocessing +[Tsearch]+ T∆+TIU + 2 ms
· Tprocessing: Similar as RACH based SCG activation, if any parameter for PSCell is modified, SW processing time is needed in UE and Tprocessing can be 20ms. Otherwise Tprocessing can be 0ms.
· Tsearch: As known TCI state is the condition for RACH-less SCG activation, cell search is not needed. Therefore Tsearch = 0ms.
· T∆: It is the time for time/frequency fine tracking. Even if RLM/BFD measurement on deactivated PSCell is ongoing, accurate time/frequency tracking may not be well guaranteed. Therefore T∆ = 1*Trs ms is needed.
· TIU: It is the uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less SCG.
Proposal 6: RACH-less based SCG activation shall meet the following conditions
· TAT is running and TA is regarded as valid,
· TCI state is known for both UE and network,
· BFD should be configured and no BF is detected.
Proposal 7: Delay requirement for RACH-less PSCell activation can be defined as 
Tconfig_PSCell = TRRC_delay + Tprocessing + T∆ + TIU + 2 ms
· Tprocessing can be 20ms if any PSCell parameter is modified, and 0ms otherwise.
· T∆ = 1*Trs ms.

· Requirements for multiple cells (PSCell+SCell(s)) activation
In RAN4#101-e meeting, whether to specify the requirement for direct SCG activation with multiple cells (PSCell+SCell(s)) has been discussed but without consensus. There are several scenarios involving multiple cells, such as:
· Direct PSCell activation and direct SCell (in MCG or/and SCG) activation simultaneously
· Direct PSCell activation and SCell (in MCG or/and SCG) addition simultaneously
· PSCell activation from deactivated state and direct SCell (in MCG or/and SCG) activation simultaneously
· PSCell activation from deactivated state and SCell (in MCG or/and SCG) addition simultaneously
[bookmark: _Hlk91851304]The first two bullets are already supported by signaling but the requirement is missing in R16. The last two bullets are new scenarios turning up by introducing SCG activation/deactivation. There may be quite some work to specify the requirements for all the scenarios involving multiple cells. Considering limited time, we suggest focusing on activation of PSCell alone at first and coming back to multiple cells scenarios afterwards if time permits. 
Proposal 8: Focus on activation of PSCell alone at this stage and come back to multiple cells scenarios afterwards if time permits.
2.3 Interruption requirements due to PSCell activation/deactivation
In RAN4#101 e-meeting, the following way forwards have been reached.
	Issue 2-3-1: Baseline for interruption due to PSCell activation/deactivation
If PSCell is added and directly enter the activated status
· Existing requirements for interruption due to PSCell addition/release can be used as baseline, i.e., 1ms interruption length.
If PSCell is activated from a deactivated status
· Option 1: existing requirements for interruption due to PSCell addition/release can be used as baseline, i.e., 1ms interruption length.
· Option2: interruption requirement for Scell activation can be reused (Table 8.2.4.2.2-1)
Issue 2-3-2: Whether to define interruption due to PSCell activation/deactivation in asynchronous deployment.
· Option 1 (MTK, vivo, Nokia, Ericsson): additional interruption shall be allowed due to PSCell activation/deactivation in asynchronous deployment.
· Revised option 2 (Qualcomm, MTK, Huawei, Apple):
For SCG activation/deactivation in ENDC,
-When SCG is activated/deactivated, there are no active serving cells in the SCG. The interruption on LTE MCG can refer to clause 7.32.2.4 (Interruptions at SCell addition/release) in TS 36.133.
For SCG activation/deactivation in NR-DC, the interruption requirements can refer to existing interruptions at PSCell addition/release specified in clause 8.2.4.2.1 in TS38.133.
Issue 2-3-4: Interruption due to SCG addition/release
SCG addition (where PSCell in deactivated state) and release interruption requirements can re-use the requirements defined for SCell addition/release.


One issue needs further discussion, that is the interruption due to PSCell deactivation or activation from deactivated status. Last meeting, we had discussed which one to be used as a baseline for the interruption due to PSCell activation from deactivated status: PSCell addition/release or SCell activation/deactivation. In existing requirements, the interruption length between PSCell addition/release and SCell activation/deactivation has a 0.5ms difference. The difference comes from additional parameter loading which is needed for PSCell addition/release but not for SCell activation/deactivation. If PSCell is to be activated from deactivated state, UE does not need to perform parameter loading because the related preparation has been done during previous PSCell addition procedure. 
Similar to SCell activation/deactivation, one more slot interruption shall be considered due to asynchronous deployment compared with synchronous deployment in PSCell.
Proposal 9: For PSCell deactivation or activation from deactivated status, the existing requirements for interruption due to SCell activation/deactivation can be used as a baseline. 
[bookmark: _Hlk91857328]Proposal 10: One more slot interruption shall be considered due to asynchronous deployment compared with synchronous deployment in PSCell.
2.4 RLM/BFD/BFR/Beam management on deactivated PSCell
In RAN4#101-e meeting, we had reached an agreement on specifying requirements for RLM/BFD on deactivated PSCell as below. In this section, we will discuss how to relax RLM/BFD requirements and provide our view on L1-RSRP measurement.
	Issue 2-4-1: Whether to define RLM/BFD requirements on deactivated PSCell
RLM/BFD requirements on deactivated PSCell need to be specified.



[bookmark: _Hlk91857927]As stated in section 2.2, we propose to introduce a parameter measCyclePSCell for relaxating L3 measurement on deactivated PSCell. If RLM/BFD is not relaxed to the same level of L3 measurement, less power saving gain will be obtained. So we suggest to reuse the parameter measCyclePSCell to relax the RLM/BFD requirements for power saving.
Proposal 11: Use the parameter measCyclePSCell to relax the RLM/BFD requirements.
[bookmark: _Hlk91857347]The motivation of L1-RSRP reporting is to provide network the information of the quality of beams. So that network can trigger TCI-state switch to use the best beam. Such a motivation of using a better beam is very similar to CBD. However, it is still unclear whether UE has to keep looking for a better beam when SCG is deactivated. Since RAN2 is still discussing UE behavior upon BFD on deactivated PSCell, we propose to postpone the discussion on L1-RSRP measurement on deactivated PSCell and wait for RAN2’s progress.
Proposal 12: Postpone the discussion on L1-RSRP measurement on deactivated PSCell and wait for RAN2’s progress on UE behavior upon BFD on deactivated PSCell.
3 Summary
In this paper, the discussion on the remaining issues of efficient activation/de-activation mechanism for SCG is provided. We have the following proposals:
Proposal 1: Introduce a parameter measCyclePSCell for relaxation of RRM measurement on deactivated PSCell.
Proposal 2: If SCG DRX cycle is configured, then SCG DRX cycle applies to the measurement on PSCell. Otherwise, no DRX cycle is assumed.
Proposal 3: Do not consider modifying deactivated PSCell measurement in terms of CSSF.
Proposal 4: Use the interruption due to L3 measurement on deactivated SCell as a baseline of the interruption due to L3 measurement on deactivated SCG.
Proposal 5: Delay requirement for RACH based PSCell activation from deactivated state can be defined as 
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
· Tprocessing can be 20ms if any PSCell parameter is modified, and 0ms otherwise.
· T∆ remains unchanged and is 1*Trs ms.
Proposal 6: RACH-less based SCG activation shall met the following conditions
· TAT is running and TA is regarded as valid,
· TCI state is known for both UE and network,
· BFD should be configured and no BF is detected.
Proposal 7: Delay requirement for RACH-less PSCell activation can be defined as 
Tconfig_PSCell = TRRC_delay + Tprocessing + T∆ + TIU + 2 ms
· Tprocessing can be 20ms if any PSCell parameter is modified, and 0ms otherwise.
· T∆ = 1*Trs ms.
Proposal 8: Focus on activation of PSCell alone at this stage and come back to multiple cells scenarios afterwards if time permits.
Proposal 9: For PSCell deactivation or activation from deactivated status, the existing requirements for interruption due to SCell activation/deactivation can be used as baseline. 
Proposal 10: One more slot interruption shall be considered due to asynchronous deployment compared with synchronous deployment in PSCell.
Proposal 11: Use the parameter measCyclePSCell to relax the RLM/BFD requirements.
Proposal 12: Postpone the discussion on L1-RSRP measurement on deactivated PSCell and wait for RAN2’s progress on UE behavior upon BFD on deactivated PSCell.
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