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1. Introduction

The WI on Further Multi-RAT Dual-Connectivity enhancements was approved in [1]. The discussion on efficient SCG activation/deactivation was discussed in the last RAN4 meeting. Some progress and open issues are captured in the approved WF [2]. This paper provides the further discussion on the efficient activation/de-activation mechanism for one SCG from RRM perspective.
2. Discussion
2.1. Measurement requirements for deactivated SCG
· RRM measurement on PSCell after SCG deactivation
It is a common understanding that RRM measurement is supposed to be performed on the deactivated PSCell. However whether the RRM measurement shall be relaxed or not is not decided as far. In last meeting, some schemes in RAN4 are proposed for deactivated PSCell measurement relaxation:“measCycleSCell” like scheme on deactivated PSCell or updating CSSF. In RAN2, there is still no conclusion on whether meascyle for PSCell is introduced or not. Considering the limited meeting cycles for completing the WI, we suggest the relaxed measurement on deactivated PSCell is not considered in R17. Regarding updating CSSF, on one hand, any change of CSSF will change the measurement scheduling strategy and reorder the implementation algorithms. On the other hand, the benefit from prioritize the measurement opportunities on active SCells are not outstanding from mobility performance perspective. Therefore we suggest the relaxation on L3 measurement requirements on deactivated PSCell is not considered in R17.
Proposal 1: The relaxations on L3 measurement requirements on deactivated PSCell including “measCycleSCell” like scheme on deactivated PSCell or updating CSSF are not considered in R17.
Regarding the issue on MCG measurement, the open issue is captured in [2].
	Issue 2-1-4: MCG measurement requirements

· Option 1(Qualcomm, Apple, MTK, Huawei, vivo, Ericsson): RAN4 doesn’t need to specifically define new requirement for MCG measurement. However MCG measurement requirement can be adjusted if any impact due to deactivated SCG is identified.
· Option 2(Nokia): There is no impact on MCG measurement requirements due to deactivated PSCell if MCG and SCG are in different FR.


Regarding MCG measurement requirements, if CSSF related enhancement is not introduced, there is no any impact on MCG regardless MCG and SCG in the same or different FR.
Proposal 2: RAN4 doesn’t need to specifically define new requirement for MCG measurement for both the cases: MCG and SCG in the same or different FR.
In last meeting, there is still no conclusion on whether existing measurements reporting requirements can apply for measurement on deactivated PSCell. As we know that the legacy measurement accuracy can apply for measurement on deactivated PSCell [2]. The accuracy conditions have no changes for deactivated PSCell. Moreover as pointed out in [R4-2117768], the measurement quantity, e.g. SS-RSRP, SS-RSRQ and SS-SINR, and some reporting type, e.g. periodic report, event triggered report and event triggered period report are not precluded for high speed scenario. Therefore the existing measurement reporting requirements can be used as baseline for measurement on deactivated PSCell. Some specific wording update can be developed if needed.
Proposal 3: The existing measurement reporting requirements can be used as a baseline for measurement on deactivated PSCell. Some specific wording update can be developed when drafting CR, if needed.

2.2. PSCell addition/change delay when SCG state is configured as deactivated
In legacy PSCell addition and change delay, the ending point is UE transmitting PRACH as PSCell enters to activated state. The requirements are defined as below.
	8.9.2
PSCell Addition Delay Requirement

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 [image: image2.png]—con/ig pscel
Fryra——
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where:


Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms


For R17 efficient activation/deactivation of SCG, it is agreed in RAN2 that at PSCell addition/change/HO/RRC resume, in case SCG state is configured as deactivated, the UE does not perform random access. 
	· RACH while the SCG is deactivated
· The UE does not perform RACH after TAT expires while the SCG is deactivated.

· At PSCell addition/change/HO/RRC resume, in case the SCG state is configured as deactivated, the UE does not perform random access. If the network wants the UE to perform random access, it can indicate the SCG as activated and deactivate it after the random access by RRC or MAC CE if supported.


From UE behaviour perspective, when the RRC signalling indicating SCG addition/change is received, some RRC processing time (eg., SW parameter loading) are needed and then PSCell enters to deactivated state. This procedure resembles SCell addition. As we know there is no delay requirement for SCell addition in legacy specification. As there are no RACH and no data reception/transmission, then from test perspective it is no way to verify the procedure. Therefore following the same logic as SCell addition, the PSCell addition/change delay when SCG state is configured as deactivated is suggested not to specify as well.
Proposal 4: Not to specify PSCell addition delay when SCG state is configured as deactivated.
2.3. SCG Activation/deactivation delay
In RAN4#100 e-meeting, an LS from RAN4 is sent to RAN2 to ask if RRC reconfiguration for selecting SCG activation state is limited to the three cases (PSCell addition/change, RRC resume, and HO) and whether MAC CE based SCG activation is supported [3]. The LS reply discussion in RAN2 is still on-going. So far RAN4 develop SCG activation delay requirements based on RRC configuration. 
In RAN2#115E, RAN2 had reached the following agreements on RACH/ RACH-less SCG activation. It shall be noted that the following agreements are applied for the scenario that SCG is in deactivated state and then indicated to switch to activated state.
	· Support all of the following for RACH resources used in network-initiated SCG activation (at least using RRC):
· 1) common RACH resources;

· 3) dedicated RACH resources indicated in the SCG activation indication.

· FFS if we support also 2) (proponents are requested to provide CRs next time to illustrate how this can be done) 

· We will support RACHless SCG activation in Rel-17:

· 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.

· 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). 

· 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.

· 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, RAN4 need to discuss the requirements respectively. 
· For RACH based SCG activation

RACH based SCG activation procedure resembles the existing PSCell addition delay procedure. In existing requirement, the PSCell addition delay in NR-DC is specified in clause 8.9.2 in TS38.133.
	
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.


For PSCell activation, the following aspects can be further analysed: 

· When PSCell activation is indicated by RRC, the existing TRRC_delay can be reused. If RAN2 informed the PSCell activation command can be indicated by MAC CE, the TRRC_delay would be correspondingly modified.
· Tprocessing was discussed during last meeting. The case where PSCell is added and directly enters to activated state is the same as legacy PSCell addition procedure. The corresponding requirements are already specified in clause 8.9.2. For the scenario that SCG is added in deactivated state and then activated to be activated state, as the SW loading has already performing when SCG is added, the time period may be reduced. However we don’t think Tprocessing shall be 0, because at least UE shall need to warm up RF chain when switching to “active” state. As a compromise, we propose Tprocessing here can be improved to 10ms.
· T∆ (time/frequency tracking time) (T∆) during PSCell activation was discussed in last meeting. As we know, T∆ is used to achieve the fine timing for the consequent RACH access. The fining timing shall be maintained when UE is configured to perform RLM/BFD on deactivated PSCell, therefore in this case T∆ can be 0. For other cases, T∆ shall be remained.
Proposal 5: RACH based PSCell activation delay can be defined as 

Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
· Tprocssing is 10ms when a deactivated PSCell is being activated.
· 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∆ =1*Trs ms for a known or unknown PSCell. T∆ = 0 when UE is configured with RLM/BFD measurements in 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.

· For RACH-less SCG activation

As per RAN2’s agreements, RACH-less based SCG activation shall meet the following conditions:

-TAT is running and is regarded as valid when the SCG is switched from activated to deactivated state;
-TCI state for PDCCH/PDSCH reception is indicated in SCG activation indication, or the previous activated TCI states is valid and can be used.
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, to the point upon transmitting PUSCH on the PSCell.
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. Tiu is coming from TS 36.133.
	In TS 36.133  RACH-less handover (Clause5.1.2.1.2.2), Tiu is specified as below:

5.1.2.1.2.2
Interruption time for RACH-less handover

When intra-frequency or inter-frequency RACH-less handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + 20 ms

Where:

Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.


Proposal 6: RACH-less PSCell activation delay can be defined as 

Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TIU + 2 ms
where 
· Tprocssing is 10ms when a deactivated PSCell is being activated.
· 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∆ =1*Trs ms for a known or unknown PSCell. T∆ = 0 when UE is configured with RLM/BFD measurements in PSCell.
· TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less SCG.
2.4. Interruption requirements
·   Interruption due to SCG addition
For the case that PSCell is added and indicated as “activated” state, the interruption requirements are achieved as below [4].
	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.


For the case that PSCell is added as “deactivated” state, the interruption requirements are achieved as below [4].
	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.


·   Interruptions due to SCG activation/deactivation

In existing requirements, the interruption length between 
PSCell addition/release and SCell activation/deactivation has 0.5ms difference. The interruption length difference results from whether the additional parameter loading need or not. Regarding SCG activation/deactivation, if the SCG is added indicated as “activated” state at PSCell initial addition, the time required for parameter loading is required. If SCG is indicated as “activated” state from deactivated state, UE can either load SW parameters during previous SCG addition procedure or perform software loading at this moment. It is up to UE implementation. To consider the worst case, we think 1ms interruption length is preferred. 
Proposal 7: For SCG activation/deactivation, the existing requirements for interruption due to PSCell addition/release can be used as baseline, i.e., 1ms interruption length.
The issue on whether to define interruption due to PSCell activation/deactivation in asynchronous deployment was discussed. There are two options in RAN4#101 emeeting [4]. 

	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.




Option 1 and revised option 2 are not contradictory as interruption in clause 8.2.4.2.1 in TS38.133 mentioned in Revised option2 considers sync and Async scenarios.

For SCG activation/deactivation in ENDC,
· When SCG is activated (i.e., PSCell is activated), there are no active serving cells in the SCG. Similarly when SCG is deactivated, all serving cells in the SCG enters to deactivated state. Therefore only the interruptions on LTE MCG need to be considered. 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, where sync and async scenario has different interruption length.
Proposal 8: For interruption due to SCG activation/deactivation, revised option 2 is reasonable.
· Interruptions due to RRM measurement on deactivated SCG

The existing interruption due to RRM measurement on deactivated SCell is defined as 0.5% probability of missed ACK/NACK and interruption length when the configured measCycleSCell [2] is 640 ms or longer. The existing interruptions due to SCell dormancy includes the interruptions due to CQI measurements and RRM measurements wherein the interruption due to RRM measurement on dormancy SCell is defined as 1% probability of missed ACK/NACK without specifying interruption length. It shall be noted that the measurement on dormancy SCell is based on SMTC periodicity which is far smaller than 640ms.

Regarding the interruptions due to deactivated PSCell, both RLM/BFD if configured and RRM measurements need to be performed. This is more alike the dormancy SCell scenario. To simplify requirements and avoid duplicated discussion, we suggest the following proposal.
Proposal 9: interruption due to RRM measurement on deactivated SCG follows 

· the Interruptions due to RRM measurements on deactivated SCC if it is agreed to introduce relaxed measurements on deactivated PSCell;
· otherwise, the interruptions due to RRM measurements during SCell dormancy apply.
· Interruptions due to RLM/BFD on deactivated SCG

As UE can perform RLM and BFD on PSCell on top of RRM measurement while the SCG is deactivated if network configures it. There are some options discussed during last meeting.
	Issue 2-4-3: Interruption requirement due to RLM and BFD on deactivated PSCell

· Option 1 (QC, Apple, MTK, Nokia): The same principle as the interruption due to SCell dormancy is applied ([X]%), details are FFS.

· Option 2(Ericsson): RAN4 to consider at least the following scenarios when defining interruption requirements for deactivated SCG:

- RRM based on SSBs,

- RRM based on SSBs, RLM and BFD based on SSBs,

- RRM based on SSBs, RLM and BFD based on CSI-RS.

RAN4 to specify interruption requirements for measurements in such manner that it is taken into account whether the resources for RRM and RLM/BFD can be received within the same RF ON period, or have to be received within different RF ON periods for a reasonable trade-off between UE power consumption and system performance.

· Other options are not precluded.


The case is similar as CQI measurements during SCell dormancy, therefore option 1 is more perfered.
Proposal 10: Interruption requirement due to RLM and BFD on deactivated PSCell can reuse the interruption due to SCell dormancy ([X]%).
2.5. Others
There is no on-going discussion in RAN2 on relaxed RLM/BFD measurement on deactivated PSCell. To our knowledge RAN2 would not discuss such enhancement in the upcoming meeting. In addition, there are only two meetings left for RAN4 to define requirements, we propose not to consider RLM/BFD relaxation on deactivated PSCell in R17.
Proposal 11: Not to consider RLM/BFD relaxation on deactivated PSCell in R17.
To some extent, UE timing may need to be maintained when TAT is running, however there is no uplink data transmission on deactivated PSCell. The procedure is not able to be verified. Moreover the RACH or RACH-less based PSCell activation procedure have already been considered in the time duration for fine timing. Therefore the timing requirements including Te and Tq don’t need to be specified when PSCell is deactivated.
Proposal 12: Timing requirements including Te and Tq don’t need to be specified when PSCell is deactivated.

3. Conclusion
This contribution presents further discussion on the efficient activation/de-activation mechanism for one SCG from RRM perspective. Below we summarize our proposals:

Proposal 1: The relaxations on L3 measurement requirements on deactivated PSCell including “measCycleSCell” like scheme on deactivated PSCell or updating CSSF are not considered in R17.
Proposal 2: RAN4 doesn’t need to specifically define new requirement for MCG measurement for both the cases: MCG and SCG in the same or different FR.
Proposal 3: The existing measurement reporting requirements can be used as a baseline for measurement on deactivated PSCell. Some specific wording update can be developed when drafting CR, if needed.

Proposal 4: Not to specify PSCell addition delay when SCG state is configured as deactivated.
Proposal 5: RACH based PSCell activation delay can be defined as 

Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
· Tprocssing is 10ms when a deactivated PSCell is being activated.
· 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∆ =1*Trs ms for a known or unknown PSCell. T∆ = 0 when UE is configured with RLM/BFD measurements in 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.

Proposal 6: RACH-less PSCell activation delay can be defined as 

Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TIU + 2 ms
where 

· Tprocssing is 10ms when a deactivated PSCell is being activated.
· 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∆ =1*Trs ms for a known or unknown PSCell. T∆ = 0 when UE is configured with RLM/BFD measurements in PSCell.
· TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less SCG.

Proposal 7: For SCG activation/deactivation, the existing requirements for interruption due to PSCell addition/release can be used as baseline, i.e., 1ms interruption length.
Proposal 8: For interruption due to SCG activation/deactivation, revised option 2 is reasonable.
Proposal 9: interruption due to RRM measurement on deactivated SCG follows 

· the Interruptions due to RRM measurements on deactivated SCC if it is agreed to introduce relaxed measurements on deactivated PSCell;

· otherwise, the interruptions due to RRM measurements during SCell dormancy apply.

Proposal 10: Interruption requirement due to RLM and BFD on deactivated PSCell can reuse the interruption due to SCell dormancy ([X]%).
Proposal 11: Not to consider RLM/BFD relaxation on deactivated PSCell in R17.
Proposal 12: Timing requirements including Te and Tq don’t need to be specified when PSCell is deactivated.
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