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1 	Introduction
In RAN4 #101bis-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
In last meeting, we have reached the agreement that a parameter measCyclePSCell will be introduced for relaxation of RRM measurement on deactivated PSCell and the minimum value and range of measCyclePSCell will be discussed further. In our understanding, as PSCell is more important than SCell, the minimum value of measCyclePSCell should be no larger than measCycleSCell to ensure that deactivated PSCell is measured no less than SCell in any cases. In addition, considering that CSSF of PSCell is no larger than CSSF of SCell and the goal of introducing measCyclePSCell is for power saving, we suggest the minimum value of measCyclePSCell to be 160ms which is the same as measCycleSCell and the maximum value of SSB period. Regarding the range, we suggest to follow the range of measCycleSCell as well, i.e.: 
measCycleSCell                   ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  
Proposal 1: Use the same minimum value and range of measCycleSCell for the parameter measCyclePSCell.
Furthermore, measurement requirements for deactivated SCG can be relaxed like RRM measurement on deactivated SCell by replacing measCycleSCell with measCyclePSCell. 
[bookmark: _Hlk91857541]Proposal 2: Measurement requirements for deactivated SCG can be specified as deactivated SCell by replacing measCycleSCell with measCyclePSCell.
2.2 SCG Activation/deactivation delay
As both RACH-based and RACH-less SCG activation are supported in RAN2, RAN4 needs to discuss the requirements for both the two cases respectively. 
· RACH based SCG activation
RAN4#101bis-emeeting has achieved the agreement on the framework of RACH based PSCell activation delay, while the value of Tprocessing and T∆ remain open.
	Issue 2-2-4: Requirements for RACH based PSCell activation delay
· Agreements
The value of Tprocessing and T∆ depends on Issue 2-2-2 and Issue 2-2-3. This issue focus on the framework of RACH based PSCell activation delay.
· RACH based PSCell activation delay can be defined as 
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆+ TPSCell_ DU + 2 ms
Where TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. 



Some companies proposed that PSCell change and PSCell activation command may happen at the same time and some companies including us pointed out that PSCell parameters may be modified during PSCell activation. We try to make it clear when PSCell change happens and when PSCell parameter modification happens. According to 38.331, the field “physCellId”, “downlinkConfigCommon” and “ssbSubcarrierSpacing” only present upon SpCell change and upon serving cell (PSCell/SCell) addition. It seems if any of these parameters are different, it is PSCell change. And for PSCell parameter modification, at least initial UL BWP of the PSCell may be modified. So for PSCell activation, SW processing time and RF adjusting time are both needed in UE and Tprocessing can be 20ms.
ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                          OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                                OPTIONAL,   -- Cond HOAndServCellAdd
    uplinkConfigCommon                  UplinkConfigCommon                                                  OPTIONAL,   -- Need M
    supplementaryUplinkConfig           UplinkConfigCommon                                                  OPTIONAL,   -- Need S
    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                                   OPTIONAL,   -- Need S
    ssb-PositionsInBurst                CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
        longBitmap                          BIT STRING (SIZE (64))
    }                                                                                                       OPTIONAL, -- Cond AbsFreqSSB
    ssb-periodicityServingCell          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                            OPTIONAL, -- Need M
    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern   OPTIONAL, -- Need N
    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId OPTIONAL, -- Need N
    ssbSubcarrierSpacing                SubcarrierSpacing                                                   OPTIONAL, -- Cond HOAndServCellWithSSB
    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                              OPTIONAL, -- Cond TDD
    ss-PBCH-BlockPower                  INTEGER (-60..50),
    ...,
    [[
    channelAccessMode-r16               CHOICE {
        dynamic                             NULL,
        semiStatic                          SemiStaticChannelAccessConfig-r16
    }                                                                                                       OPTIONAL, -- Cond SharedSpectrum
    discoveryBurstWindowLength-r16          ENUMERATED {ms0dot5, ms1, ms2, ms3, ms4, ms5}                   OPTIONAL, -- Need R
    ssb-PositionQCL-r16                     SSB-PositionQCL-Relation-r16                                    OPTIONAL, -- Cond SharedSpectrum
    highSpeedConfig-r16                     HighSpeedConfig-r16                                             OPTIONAL  -- Need R
    ]]
}

	Conditional Presence
	Explanation

	HOAndServCellAdd
	This field is mandatory present upon SpCell change and upon serving cell (PSCell/SCell) addition. Otherwise, the field is absent.

	HOAndServCellWithSSB
	This field is mandatory present upon SpCell change and upon serving cell (SCell with SSB or PSCell) addition. Otherwise, the field is absent.



In addition, there are quite a number of parameters that may be modified in the PSCell activation command. The parameters contained in “ServingCellConfigCommon” are only part of them. It is difficult to identify Tprocessing needed for each parameter or each combination. As suggested by some company in last meeting, we agree not to distinguish cases to simplify the discussion.
As for when PSCell change happens and when PSCell parameter modification happens, we propose not to discuss this in RAN4. We can define Tprocessing to be 20ms for PSCell activation which is the same as existing PSCell change requirement when FR is not changed. Regarding the case that PSCell change and PSCell activation command happen at the same time, the difference from the existing PSCell change lies in that the old PSCell to be released is deactivated. But the delay requirement is the same for PSCell release regardless of it is activated or not. Therefore the existing PSCell change delay requirement applies.
[bookmark: _Hlk95402277]Proposal 3: For the case that PSCell change and PSCell activation command happen simultaneously, the existing PSCell change delay requirement applies.
[bookmark: _Hlk95402620]Proposal 4: For RACH based PSCell activation from deactivated state, Tprocessing is 20ms.
T∆ 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. Firstly, we hold the opinion that RLM/BFD measurement on deactivated PSCell should be relaxed, and the measurement cycle can be longer than 160ms. Even Te requirement is specified under the condition that at least one SSB is available at the UE during the last 160 ms, not to mention T/F fining tracking. Secondly, time/frequency fine tracking is not always necessary for RLM/BFD. We suggest not to force UE to do T/F fining tracking quite frequently which complicates UE behavior and is not good for power saving. Thirdly, if the accuracy of time/frequency fine tracking cannot be guaranteed, the subsequent demodulation performance will be affected. Therefore T∆ = 1*Trs ms is neccessary.
Proposal 5: For RACH based PSCell activation from deactivated state, T∆ remains 1*Trs ms.
· RACH-less SCG activation
In last meeting, RAN4 discussed the delay requirement for RACH-less SCG activation quite a lot. There are two main diverges. One is whether BFD configuration is necessary or not. Another is whether TCI state should be known or not for RACH-less SCG activation. We copy some agreements in RAN2 for information.
	RAN2#117-e
1   upon SCG RLF while the SCG is deactivated, the UE reports SCGFailureInformation (legacy procedure) and the network can reconfigure the UE to release the SCG, change the PSCell or keep the PSCell and reconfigure RLM RS.
Upon BF while the SCG is deactivated: UE indicates BF to NW via RRC (e.g. so the network can reconfigure the UE to keep the PSCell and allow RACH-less activation (by changing BFD RS), or change the PSCell or release the SCG). If the network does not reconfigure the UE and activates the SCG, RACH will be used (FFS how this will be captured).

RAN2#116bis-e
6: Discuss at the next meeting whether the UE can perform RACH-less activation if the UE is not configured to perform RLM/BFD while the SCG is deactivated.
5: Upon reception of a network SCG activation command, the UE shall perform RACH towards the SCG if any of the following condition is true:
-    reconfigurationWithSync is included in the SCG activation command
-    TA timer for the PSCell is expired
-    RLF is declared
-    BF is declared
7: When the UE is configured to perform RLM/BFD when the SCG is deactivated, upon reception of a network activation command not including reconfigurationWithSync while the TA timer associated with the PSCell is running and BF/RLF is not declared, the UE shall activate the SCG without performing RACH towards the SCG.

RAN2#115-e
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.



Regarding whether BFD configuration is necessary or not, as this is in discussion in RAN2, we are fine to wait for RAN2. 
Proposal 6: Regarding whether BFD configuration is necessary for RACH-less based SCG activation, we can wait for RAN2.
BFD is also discussed in known TCI state conditions, and RAN4#101bis-emeeting reached the following way forward on known conditions for a TCI state.
	Issue 2-5-3: Known and Unknown TCI state for deactivated PSCell
During 1st round discussion, companies have concern on the L1-RSRP bullet as L1-RSRP is not supported for deactivated PSCell. Legacy known conditions in section 8.10.2 are duplicated in below.
	The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
-	The TCI state remains detectable during the TCI state switching period
-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.


· Option 1 (Nokia, Ericsson): Existing known conditions for a TCI state as defined in section 8.10.2 can apply also for a deactivated PSCell.
· Option 2 (MTK, vivo): the known conditions for a TCI state at RACH-less SCG activation can be “BFD for the TCI state is configured and no BF is detected”


In our understanding, option 1 is reasonable only when PSCell is activated after being deactivated in less than 1280ms and L1-RSRP report for the target TCI state is sent to network before deactivation. The use case is quite limited. From the point of UE implementation, the known conditions in option 1 actually require UE to monitor the TCI state for deactivated PSCell implicitly. Because it is difficult for UE to judge the TCI state is detectable or not correctly if the TCI state is not monitored for 1280ms completely, especially when UE is moving fast. If BFD is configured, UE shall follow BFD requirement and UE behavior will be more testable. Therefore we support option 2.
Proposal 7: The known condition for a TCI state at RACH-less SCG activation is “BFD for the TCI state is configured and no BF is detected for the TCI state”.
As RAN2’s agreements, “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. In our opinion, if TCI state is unknown, UE needs to perform L1-RSRP measurement for the TCI state during RACH-less SCG activation. The delay will be quite long and it is better to perform RACH-based SCG activation instead.    
[bookmark: _Hlk95405306]Proposal 8: One of the conditions for RACH-less based SCG activation is that TCI state is known.
Since for RACH-less based SCG activation, TCI state should be known, we propose the delay requirement as below. 
Tconfig_PSCell =TRRC_delay + Tprocessing +[Tsearch]+ T∆+TIU + 2 ms
· Tprocessing: Similar as RACH based SCG activation, Tprocessing equals to 20ms. 
· Tsearch: As known TCI state is the condition for RACH-less SCG activation, cell search is not needed. If the PSCell becomes unknown, we doubt whether TA is still valid. Therefore, we propose that 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.
[bookmark: _Hlk95405326]Proposal 9: Delay requirement for RACH-less PSCell activation can be defined as Tconfig_PSCell = TRRC_delay + Tprocessing + T∆ + TIU + 2 ms, where Tprocessing = 20ms and T∆ = 1*Trs ms.
2.3 Interruption requirements due to PSCell activation/deactivation
In RAN4#101 e-meeting, the following way forward has been reached.
	Issue 2-3-1: Baseline for interruption due to PSCell activation/deactivation
If PSCell is activated from a deactivated status
· Option 1(MTK, Ericsson, Nokia, vivo): Existing requirements for interruption due to SCell activation/deactivation can be used as a baseline.
· Option 2 (Huawei, QC, Apple, OPPO): Existing requirements for interruption due to PSCell addition/release can be used as baseline, i.e., 1ms interruption length.


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. As pointed by Section 2.2, initial UL BWP may be modified when PSCell is activated from deactivated status and parameter loading time is needed. Therefore, we change our position to option 2.
Similar to PSCell addition/release, one more slot interruption shall be considered due to asynchronous deployment compared with synchronous deployment in PSCell.
[bookmark: _Hlk95405348]Proposal 10: For PSCell deactivation or activation from deactivated status, the existing requirements for interruption due to PSCell addition/release can be used as baseline. 
[bookmark: _Hlk91857328]Proposal 11: One more slot interruption shall be considered due to asynchronous deployment compared with synchronous deployment in PSCell.
2.4 RLM/BFD on deactivated PSCell
RAN4#101bis-e meeting discussed whether RLM/BFD delay requirements on deactivated PSCell can be relaxed but with no agreement. 
	Issue 2-4-1: Whether RLM/BFD delay requirements on deactivated PSCell can be relaxed
· Option 1 (MTK, vivo, QC, Apple, Nokia, Ericsson): Yes. RLM/BFD measurements and requirements would follow the measurement cycle of the deactivated PSCell.
· Option 3(Huawei): no RLM/BFD relaxation, and revisit the details if needed after RAN2 conclusions.



[bookmark: _Hlk91857927]Since RAN4 has agreed to introduce a parameter measCyclePSCell for relaxing 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.
[bookmark: _Hlk95405376]Proposal 12: Use the parameter measCyclePSCell to relax the RLM/BFD requirements.
2.5 Interruption requirements due to RRM measurement or BFD
In RAN4#101bis-e meeting, interruption requirement due to RRM measurement, RLM and BFD on deactivated PSCell has been discussed and achieved the following way forward.
	Issue 2-3-3: Interruption due to L3 measurement on deactivated PSCell
· Option 1 (Huawei, Apple, OPPO, Nokia, Intel): 
· If RLM/BFD is not configured, the current interruption requirement during measurements on deactivated inter-band SCC applies. 
· If RLM/BFD is configured, the current interruption requirement during Scell dormancy applies([X]%).
· Option 2 (QC, OPPO): The current interruption requirement during Scell dormancy applies ([1]%).
· Option 3 (MTK, vivo, Ericsson): The current interruption requirement on deactivated inter-band SCC can be reused for L3 measurement for deactivated SCG; 
Issue 2-4-2: Interruption requirement due to RLM and BFD on deactivated PSCell
· Option 1 (Huawei, MTK, vivo, Nokia, QC, Intel): The same principle as the interruption due to SCell dormancy is applied ([X]%). (further check if 0.5% is agreeable)
· Option 2 (Ericsson): 
- RLM and BFD based on SSBs: Take the TS38.133 8.2.3.2.5.2 Interruptions during measurements on deactivated E-UTRAN SCC as baseline which both take in the x% probability as well as the interruption window.
*Moderator Note 1: the main difference between option 1 and option 2 is whether the interruption window is additionally needed;



Regarding the interruption due to RRM measurement on deactivated SCG, some company proposed to define different requirements based on RLM/BFD configured or not. We suggest not to distinguish cases to simplify the discussion. The current interruption requirement during Scell dormancy can apply regardless RLM/BFD configured or not.
For the interruption due to RLM/BFD on deactivated SCG, we don’t think the requirement is complete as RLM/BFD RS resource can be SSB or CSI-RS in option 2. For the loss rate in option 1, we agree to use 0.5%.
[bookmark: _Hlk95405399]Proposal 13: Use the current interruption requirement due to L3 measurement on SCell dormancy for the interruption due to L3 measurement on deactivated SCG.
Proposal 14: The same principle as the interruption due to SCell dormancy is applied for Interruption requirement due to RLM and BFD on deactivated PSCell. The loss rate is 0.5%.
2.6 Others
RAN4#101bis-e meeting discussed whether UE shall meet the existing Te and Tq when PSCell is deactivated and achieved the way forward below. 
	Issue 2-5-1: whether UE shall meet the existing Te and Tq when PSCell is deactivated
· Option 1b (Huawei, MTK, Apple, vivo): Timing requirements including Te and Tq don’t need to be specified when PSCell is deactivated.
· Option 3 (Ericsson, Nokia): The existing UE initial transmit timing error (Te) and gradual timing adjustment requirements are met at least until the TAT is running.



The existing requirement of UE initial transmission timing error is specified as below. 
	38.133 7.1.2
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission.



It is applicable for all the initial transmissions from UE as long as at least one SSB is available at the UE during the last 160 ms. As there is no uplink data transmission on deactivated PSCell, Te requirement don’t need to be specified for deactivated PSCell. But since UE will send a PUSCH transmission when performing RACH-less based SCG activation, a bit modification is needed as follows and a corresponding CR is written [2].
	38.133 7.1.2
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission, or it is the first transmission of RACH-less based SCG activation on PSCell.



[bookmark: _Hlk95749572]As there is no uplink data transmission on deactivated PSCell, we propose not to specify gradual timing adjustment requirement for deactivated PSCell. 
Proposal 15: The existing Te requirement applies for the first transmission of RACH-less based SCG activation on PSCell. 
[bookmark: _Hlk95405428]Proposal 16: Don’t specify Te or gradual timing adjustment requirement for 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: Use the same minimum value and range of measCycleSCell for the parameter measCyclePSCell.
Proposal 2: Measurement requirements for deactivated SCG can be specified as deactivated SCell by replacing measCycleSCell with measCyclePSCell.
Proposal 3: For the case that PSCell change and PSCell activation command happen simultaneously, the existing PSCell change delay requirement applies.
Proposal 4: For RACH based PSCell activation from deactivated state, Tprocessing is 20ms.
Proposal 5: For RACH based PSCell activation from deactivated state, T∆ remains 1*Trs ms.
Proposal 6: Regarding whether BFD configuration is necessary for RACH-less based SCG activation, we can wait for RAN2.
Proposal 7: The known condition for a TCI state at RACH-less SCG activation is “BFD for the TCI state is configured and no BF is detected for the TCI state”.
Proposal 8: One of the conditions for RACH-less based SCG activation is that TCI state is known.
Proposal 9: Delay requirement for RACH-less PSCell activation can be defined as Tconfig_PSCell = TRRC_delay + Tprocessing + T∆ + TIU + 2 ms, where Tprocessing = 20ms and T∆ = 1*Trs ms.
Proposal 10: For PSCell deactivation or activation from deactivated status, the existing requirements for interruption due to PSCell addition/release can be used as baseline. 
Proposal 11: One more slot interruption shall be considered due to asynchronous deployment compared with synchronous deployment in PSCell.
Proposal 12: Use the parameter measCyclePSCell to relax the RLM/BFD requirements.
Proposal 13: Use the current interruption requirement due to L3 measurement on SCell dormancy for the interruption due to L3 measurement on deactivated SCG.
Proposal 14: The same principle as the interruption due to SCell dormancy is applied for Interruption requirement due to RLM and BFD on deactivated PSCell. The loss rate is 0.5%.
Proposal 15: The existing Te requirement applies for the first transmission of RACH-less based SCG activation on PSCell. 
Proposal 16: Don’t specify Te or gradual timing adjustment requirement for deactivated PSCell. 
4 Reference 
R4-2202688, WF on R17 further Multi-RAT Dual-Connectivity enhancements, Huawei, HiSilicon. 
R4-2204345, CR on 38.133 for Te requirement for first transmission of RACH-less SCG activation, Mediatek.
