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Introduction
In RAN4#101e meeting, a WF [1] on MR-DC further enhancement was approved. In this contribution, we provide our views on the remaining issues of efficient activation/de-activation mechanism for one SCG. 
Discussion
In the last meeting RAN4 sent LS to RAN2 in order to get some further clarification related to the activation and deactivation signalling for the SCG. RAN2 is still discussing whether to introduce MAC CE signalling since RAN2 has already agreed that RRC signalling can be used. Thus, RAN4 can progress the work using RRC signalling as such requirements would be needed anyway.
RAN4 can start to develop the SCG activation and deactivation requirements based on RRC signaling.
SCG activation delay 
Based on the principle of trying to re-use existing PSCell addition requirements, we initially focus on the RRC based SCG activation, 
	The components used in the for defining the PSCell addition:
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


For RACH based PSCell activation, the delay uncertainty in acquiring the first available PRACH occasion in the PSCell should be considered. For RACH-less PSCell activation, the delay uncertainty can be considered as interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less SCG. Thus, for issue 2-2-3, we think option 1 could be supported as the baseline for PSCell activation delay requirements.
	Issue 2-2-3: Requirements for PSCell activation delay
· Option 1 (Apple, MTK, Huawei, vivo): 
· 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.
· RACH-less PSCell activation delay can be defined as 
Tconfig_PSCell = TRRC_delay + [Tprocessing] + Tsearch + [T∆]+ TIU + 2 ms
where TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less SCG.
                                   Note: the value of Tprocessing and T∆ depends on Issue 2-2-1 and Issue 2-2-2. 
· Option 2 (Nokia): 
· Tconfig_PSCell = TRRC_delay + [Tsearch] + TRF_start + T∆ + [TPSCell_ DU] + 2 ms
· Option 3(Ericsson): 
· Tactivate_SCG = TRRC_delay + T∆ + TPSCell_ DU + 2 ms


Proposal 1: 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.
RACH-less PSCell activation delay can be defined as 
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆+ TIU + 2 ms
where TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less SCG.
For other components, we can further discuss one by one:
	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.
T∆ is time for fine time tracking and acquiring full timing information of the target cell.
Tsearch is the time for AGC settling and PSS/SSS detection.
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.
	Issue 2-2-1: UE processing time (Tprocessing) in PSCell activation delay
· Option 1: 
Tprocessing = 20ms NR PSCell is in FR1 in EN-DC. 
Tprocessing = 40 ms if NR PSCell is in FR2 in EN-DC or NR-DC
· Option 2: Tprocessing = 0ms
· Option 3a: Tprocessing defined in PSCell addition can be reused if PSCell is added and directly enter the activated status; otherwise, Tprocessing = 0 can be expected when PSCell/SCell is activated from a deactivated status
· Option 3b: Tprocessing = 0 shall be assumed at least for the case where PSCell being activated is same cell as previously being deactivated, irrespective of whether RA is carried out as part of the activation. FFS regarding SCG mobility (PSCell change) during deactivated SCG state.
· Other options are not precluded.
Issue 2-2-2: time/frequency tracking time (T∆) in PSCell activation delay
· Option 1: time/frequency tracking time (T∆) in PSCell activation delay is needed
· Option 2: Time/frequency tracking time defined in PSCell addition can be reused if PSCell is added and directly enter the activated status; otherwise, time/frequency tracking time defined in SCell activation can be removed when PSCell/Scell is activated from a deactivated status
· Option 3:time/frequency tracking time (T∆) in PSCell activation delay is needed 
· T∆ = 0 is to be assumed when UE is configured with RLM/BFD measurements in PSCell in addition to RRM measurements.
· Other options are not precluded.
Issue 2-2-4: Whether to consider unknown PSCell in PSCell activation delay
Both known and unknown PSCell are considered in PSCell activation delay.



For UE processing time (Tprocessing) and time/frequency tracking time (T∆), whether the PSCell to be activated is the old deactivated PSCell should be considered for EN-DC, NR CA and NR-DC. Even if PSCell is activated from the deactivated status, Tprocessing is still needed for software processing. Considering latency reduction is not the main motivation of this feature, we suggest to compromise to the worst requirements to cover all scenarios
Observation 1:  Whether the PSCell to be activated is the same as the original deactivated one should be considered.
For EN-DC (specified in TS 36.133) or NR CA and NR-DC (specified in 38.133), if PSCell is added and directly enter the activated status, Tprocessing defined in PSCell addition can be reused:
Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms if NR PSCell is in FR1, Tprocessing = 40 ms if NR PSCell is in FR2.
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = 0 can be expected when PSCell is activated from a deactivated status and RLM/BFD measurements is being performed in this PSCell; otherwise, T∆ = 1*Trs ms for a known or unknown PSCell. 
Proposal 2: if PSCell is added and directly enter the activated status, Tprocessing defined in PSCell addition can be reused:
· Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms if NR PSCell is in FR1, Tprocessing = 40 ms if NR PSCell is in FR2
Proposal 3: if PSCell is added and directly enter the activated status, T∆ defined in PSCell addition can be reused: 
· T∆ = 0 can be expected when PSCell is activated from a deactivated status and RLM/BFD measurements is being performed in this PSCell; otherwise, T∆ = 1*Trs ms for a known or unknown PSCell.
As RAN4 has agreed that both known and unknown PSCell are considered in PSCell activation delay, Tsearch can also re-use that in existing PSCell addition requirements.
For EN-DC (specified in TS 36.133), or NR CA and NR-DC (specified in 38.133), Tsearch is the time for AGC settling and PSS/SSS detection.
-	For NR PSCell in FR1: if the target cell is a known cell, Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms;
-	For NR PSCell in FR2: if the target cell is a known cell, Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms.
Proposal 4: Tsearch is the time for AGC settling and PSS/SSS detection.
-	For NR PSCell in FR1: if the target cell is a known cell, Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms;
-	For NR PSCell in FR2: if the target cell is a known cell, Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms.

SCG de-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 SCG deactivation actions for the SCG being deactivated no later than in slot n +.


It was agreed to re-use the de-activation delay requirements for an SCell as defined in section 8.3.3 or PSCell release delay requirements as defined in section 8.9.3. Which requirements to apply will depend on RAN2 discussion outcome whether only RRC signalling is supported or also other signalling like MAC CE can be used. As RAN2 only has agreement related to using RRC signalling, we suggest to agree on that part now and leave it open to add other release delay requirements according to RAN2 progress.
Proposal 5: RRC based PSCell de-activation delay requirements can be firstly defined based on the PSCell release delay requirements as defined in section 8.9.3.
	SCG deactivation delay 
The requirements in this clause shall apply for a UE which is configured with PCell and one PSCell.
Upon receiving SCG deactivation command in subframe n, the UE shall accomplish the SCG deactivation actions specified in TS 38.331 [2] no later than in slot :
where
	TRRC_delay is the RRC procedure delay as specified in TS 38.331 [2].
The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].




Direct SCell Activation
	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.


RAN4 agreed to define direct SCG activation delay requirements and legacy requirement of PSCell addition can be reused as baseline. 
For the case only PSCell are directly activated via RRC reconfiguration, the requirements of PSCell addition in section 7.31.2 (in TS 36.133) or 8.9.2 (in TS 38.133) can be reused for direct SCG activation delay. 
Proposal 6: The requirements of Direct SCell Activation apply for UE being configured in the RRC reconfiguration message in TS 38.331[2] with only PSCell in SCG for which the parameter sCellState is set to activated. 
While the RRC reconfiguration message for direct SCell activation also configures PSCell addition or PSCell change, the direct SCell activation delay may be longer than the requirements defined for direct SCell activation or direct PScell activation delay. 
The cases are complicated considering UE being configured in the RRC reconfiguration at one or more Scells addition, handover or RRC resume. We suggest to leave them to UE implementation. Longer time could be expected for Direct SCG activation delay if multiple cells (PSCell+SCell(s)) in the deactivated SCG are directly activated, compared to either direct SCell activation (in section 8.3) or direct PScell activation delay.
Proposal 7: Longer time could be expected for Direct SCG activation delay if multiple cells (i.e., PSCell+SCell(s)) in the deactivated SCG are directly activated compared to either direct one or multiple SCell activation or direct PSCell activation delay. No specific requirements would be defined.

Conclusion
In this contribution we discuss the delay requirements related to support of efficient activation/de-activation mechanism for one SCG.
Proposal 1: RACH based PSCell activation delay can be defined as 
[bookmark: _GoBack]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.
RACH-less PSCell activation delay can be defined as 
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆+ TIU + 2 ms
where TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less SCG.
Observation 1:  Whether the PSCell to be activated is the same as the original deactivated one should be considered.
Proposal 2: if PSCell is added and directly enter the activated status, Tprocessing defined in PSCell addition can be reused:
· Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms if NR PSCell is in FR1, Tprocessing = 40 ms if NR PSCell is in FR2
Proposal 3: if PSCell is added and directly enter the activated status, T∆ defined in PSCell addition can be reused: 
· T∆ = 0 can be expected when PSCell is activated from a deactivated status and RLM/BFD measurements is being performed in this PSCell; otherwise, T∆ = 1*Trs ms for a known or unknown PSCell.
Proposal 4: Tsearch is the time for AGC settling and PSS/SSS detection.
-	For NR PSCell in FR1: if the target cell is a known cell, Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms;
-	For NR PSCell in FR2: if the target cell is a known cell, Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms.
Proposal 5: RRC based PSCell de-activation delay requirements can be firstly defined based on the PSCell release delay requirements as defined in section 8.9.3.
Proposal 6: The requirements of Direct SCell Activation apply for UE being configured in the RRC reconfiguration message in TS 38.331[2], with only PSCell in SCG for which the parameter sCellState is set to activated. 
Proposal 7: Longer time could be expected for Direct SCG activation delay if multiple cells (i.e., PSCell+SCell(s)) in the deactivated SCG are directly activated compared to either direct one or multiple SCell activation or direct PSCell activation delay. No specific requirements would be defined.
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