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Introduction
In the previous RAN2 meetings, there was a lot of discussion on UE behaviour in the deactivated SCG but as the company’s views are quite diverse on some issues, there is no clear and complete solutions agreed yet.
In this contribution we give our view on the left FFS points related to UE behaviours in deactivated SCG, i.e. TAT timer maintenance, beam management, beam failure detection and recovery, CSI measurement and reporting, RLM as well as PUCCH transmission.
Discussion
In the last RAN2 meeting, related to UE behaviours on deactivated SCG, the following agreements were achieved. 
Agreements
1 	Confirm that there is no PUSCH transmission on deactivated SCG. FFS if any other UL is allowed towards SCG.
2 	Confirm that there is no PDCCH monitoring on PSCell of the deactivated SCG.
3 	Confirm that there is no support of SCell dormancy for SCG SCells within a deactivated SCG.

2	The UE behaviour when the SCG activation is indicated to the UE via the MCG is one or more of the following options:
option 1)	similar to reconfiguration with sync, i.e. the UE always initiates random access to the PSCell.
option 2)	in certain cases:
-	the UE does not initiate random access and monitors PDCCH on the PSCell (at the latest after the specified processing time).
-	the SCG can schedule data transmission on the PDCCH
The UE decides not to perform random access (one option to be selected):
option 2a) if the TA timer is still running and possibly other conditions (FFS how TAT starts)
option 2b) based on the contents of the SCG activation indication
FFS for option 2a): in the SCG deactivated state, the UE monitors some DL beams (FFS if the same as BFD or RLM) and, if the UE sees that the beams are not good enough (details FFS), the UE either (one of the options to be selected):
-	will perform random access upon reception of the next SCG activation indication from the MCG
-	reports measurement results (details FFS) via the MCG and wait for reconfiguration.

5	Continue to discuss whether some kind of beam monitoring (similar to RLM/BFD) should be supported when the SCG is deactivated. FFS if this only applies to when TAT is running.
6	Clarify the meaning of "the UE maintains DL sync while the SCG is deactivated" (e.g. whether that is a consequence of doing RRM measurements of the PSCell or something more is needed).
· FFS if in absence of PDCCH monitoring and UL transmission, and it is possible to assume that TA is valid when the TA timer has not expired.

To sum up, the following UL/DL UE behaviours in deactivated SCG were agreed:
· UL: no PUSCH reception. FFS PUCCH.
· DL: no PDCCH monitoring. RRM measurement is supported. FFS beam monitoring (RLM/BFD like). FFS measurement reporting. FFS TAT handling.
In this contribution, we try to address these FFS aspects.
TAT handling and beam measurement/reporting
As we analyse in annex, according to Rel-15 RAN4 specification, the NR PSCell addition delay includes TRRC_delay , Tprocessing , Tsearch , T∆ and TPSCell_ DU, while for SCG fast activation,
· The SCG activation delay components of TRRC_delay, Tprocessing, Tsearch and T∆ can be reduced or eliminated based on RRM measurement or RLM on PSCell;
· TPSCell_ DU can be reduced if RACH procedure could be avoid if possible.
Proposal 1: In order to reduce the SCG activation delay, RACH procedure should be avoided if possible.
In normal EN-DC PSCell addition case, performing RACH towards PSCell has two purposes. One is to obtain UL TA, and the other one is to indicate network the DL beam. In order to avoid RACH delay component, the above two issues should be addressed. 
Regarding UL TA, one question raised during last RAN2 meeting is if it can still be assumed TA is valid when the TA timer has not expired in absence of PDCCH monitoring and UL transmission. 
· For normal UL transmission, a UE will receive the initial Timing Advance (TA) value in RAR, and then start a Time Alignment Timer (TAT). When the TAT is running, the UE may receive a Timing Advance Command MAC CE so that the UE applies the TA and restart the TAT. Upon the TAT expires, the UE will attempt to regain UL sync by initiating RACH procedure for a valid TA. The TA received in TAC MAC CE is a relative value compared to the formal TA. 
· While the SCG is deactivated, the UE cannot receive any TA command but can let the TAT continue to run (the TA timer is not restarted when moving to the deactivated SCG state. 
How to configure the TAT (long or short value) and whether/when to send TA command to adjust TA in UE side is left to network implementation. This can depend on the UE mobility, the radio environment and network strategy. In Rel-15 and later, there is no requirement for the UE to autonomously adjust the TA based on PDCCH reception and it can happen that there is no TA command and no UL transmission for a while but as long as the TAT is not expired, the UE can perform UL transmission without RACH reusing the sored TA value. If, for some reason, the network expects the TA to be valid for a shorter time while the SCG is deactivated, this could be taken into account while configuring the TAT value.
Observation 1: After SCG is deactivated, TA can be assumed as valid in absent of PDCCH monitoring and UL transmission as long as TAT has not expired.
Regarding DL beam, in order to perform DL transmission again, the question is whether the last serving DL beam is still good enough, and if not, what DL beam can be used. 
· In R15 and R16, there are two means for DL beam maintenance. One is beam management, i.e. the UE performsL1 measurement on DL beams based on network configuration (e.g. CSI measurement configuration), and reports the beam measurement results to the network. Another is beam failure detection and recovery, i.e. the UE monitors the beam failure reference signal (failureDetectionResourcesToAddModList included in RadioLinkMonitoringConfig), and, upon failure, determines the best beam from a configured set (candidate beam detection) and performs RACH using dedicated RACH resources configured in BeamFailureRecoveryConfig to indicate the new best beam. 
· The BF detection still could be performed by the UE in deactivated SCG by measuring beam failure reference signal. Regarding L1 beam information, since there is no PUSCH/PUCCH (FFS) on PSCell allowed in deactivated SCG, timely reporting is not feasible. Even if sending L1 measurement results and getting the adjustment commands via MCG would be supported, the X2/Xn interface latency on each path would make this difficult. As for RRM measurements, even though it is not adapting as quickly, for instance due to filtering, it can still be performed.
Observation 2: In deactivated SCG, it is feasible for a UE to perform BFD and RRM (beam) measurement and report BF and RRM beam results via MCG, but beam management via MCG would be difficult because of X2/Xn interface delay.
There are following cases considering TAT and DL beam status:
Case 1: TAT is running and DL beam is good. 
· In this case, the UE can access the PSCell without RACH procedure, i.e. after SCG activation command is sent the network and the UE assume the UL/DL transmission can be resumed directly in PSCell. A requirement of SCG activation delay should be specified by RAN4 for this case. After the delay time, network assumes the UE can perform normal DL/UL scheduling as normal.
Case 2: TAT has expired and no good DL beam.
· After TAT expires the TA cannot be assumed valid anymore, the RACH procedure should be performed at SCG activation. Because there is no good DL beam on PSCell, like for normal HO/SCG addition/PSCell change, the network can provide multiple dedicated RACH resources with each associated with one DL beam in reconfigurationWithSync at SCG activation.
Case 3: TAT is running but no good DL beam.
In this case, RACH is not needed for TA acquisition but another beam should be selected. As discussed before, the normal procedure in case of beam failure on the SpCell is candidate beam detection and random access, so we suggest using the same procedure for SCG activation in this case. Case 4: TAT has expired but DL beam is good.
· RACH is needed for TA acquisition but when SCG activation is indicated to the UE the UE could directly monitor PDDCH and the network could send a PDCCH order. This can allow providing dedicated RACH resources faster and initial PDSCH reception without HARQ feedback. We are open to such kind of optimization as long as theg specification impactis limited..
To determine the UE behaviour at SCG activation, the UE should: 
· Maintain the TAT until the TAT expires (no restart).
· Perform BFD, and report BF via MCG if failure is detected. Reconfiguration of BFD should be allowed, which could occur even without beam failure, e.g. based on RRM measurement reports. 
[bookmark: _GoBack]At SCG activation, depending whether the TAT is expired or not and whether BFD was reported or not, the network will provide RACH configuration in reconfigurationWithSync for case2/case3/case4 (FFS) to trigger UE to perform RACH.
Proposal 2: The TA timer is not affected by SCG deactivation (if running, it continues without restart).
Proposal 3: Support beam failure detection on PSCell after SCG is deactivated, and upon beam failure detection, the UE reports the failure to the SN via the MCG.
Proposal 4: At SCG activation,
· 4A: in case TAT is running and BF was not detected, the network can send SCG activation command without reconfigurationWithSync. The UE resume transmission in SCG without RACH.
· 4B: in case TAT has expired and BF was reported, the network should send SCG activation command with reconfigurationWithSync. The UE performs RACH following network configuration after SCG is activated.
· 4C: in case TAT is running but BF was reported, the network should send SCG activation command with reconfigurationWithSync. The UE perform RACH following network configuration after SCG is activated.
· 4D: in case TAT has expired but BF was not detected, the network can send SCG activation command with reconfigurationWithSync. The UE performs RACH following network configuration after SCG is activated. FFS if it is allowed the network does not provide reconfigurationWithSync, and then the UE listens to PDCCH order in PSCell using the last configured DL beam.
Proposal 5: No PUCCH on PSCell in deactivated SCG.
Proposal 6: No support of L1 measurement result reporting on PSCell in deactivated SCG.
Considerations on RRM and RLM
In the previous RAN2 meetings, the RRM on SCG was agreed to make sure the SCG mobility is still applicable based on legacy mechanisms, i.e. SN release/change/reconfiguration triggered by MN/SN based on existing RRM measurement and reporting. One question is whether the network can reconfigure RRM measurements. In our understanding, based on the existing signalling, the SN can change the MO and report configuration using SN RRC reconfiguration embedded in the MN RRC reconfiguration message, and the same is possible even if the SCG is deactivated. Furthermore, the serving cell MO of a SCell could be reconfigured/released/added by SCell addition/release/reconfiguration based on existing signalling. This means, the current RRM measurement and reporting is applicable and flexible enough for SCG (de)activation, there is no need for any specification change.
Proposal 7: Legacy SN reconfiguration message can be sent to the UE embedded in the MN RRC reconfiguration message while SCG is deactivatedand can include: 
· SCell addition/release/reconfiguration
· RRM measurement/reporting reconfiguration
Regarding RLM, there was a debate whether the UE should perform RLM on the PSCell when the SCG is deactivated. Upon SCG RLF, the UE could use the existing SCG failure reporting procedure, which can help network to handle the SCG immediately. On the other hand, other companies believe the network can be aware of SCG failure based on RRM measurement reporting, and in order to save UE power, it is better to not perform RLM on the PSCell. 
However, we understand that the RLM RS could be the same as the RS for beam failure detection (maybe with different BLER thresholds), therefore the extra power consumption on top of supporting BFD may be marginal. 
Proposal 8: RLM should be maintained on the PSCell after SCG is deactivated. After RLF is detected, the existing SCG failure reporting procedure should be initiated by the UE. 
Conclusion
In this contribution, we discuss the left FFS points related to UE behaviours in deactivated SCG, i.e. TAT timer maintenance, beam management, beam failure detection and recovery, CSI measurement and reporting, RLM as well as PUCCH transmission. The following observation and proposals are given.
Observation 0.1: The SCG activation delay components of TRRC_delay, Tprocessing, Tsearch and T∆ can be reduced or eliminated based on RRM measurement or RLM on PSCell.
Observation 0.2: TPSCell_ DU can be reduced if RACH procedure could be avoid if possible.
Observation 1: After SCG is deactivated, TA can be assumed as valid in absent of PDCCH monitoring and UL transmission as long as TAT has not expired.
 Observation 2: In deactivated SCG, it is feasible for a UE to perform BFD and RRM (beam) measurement and report BF and RRM beam results via MCG, but beam management via MCG would be difficult because of X2/Xn interface delay.
Proposal 1: In order to reduce the SCG activation delay, RACH procedure should be avoided if possible.
Proposal 2: The TA timer is not affected by SCG deactivation (if running, it continues without restart).
Proposal 3: Support beam failure detection on PSCell after SCG is deactivated, and upon beam failure detection, the UE reports the failure to the SN via the MCG.
Proposal 4: At SCG activation,
· 4A: in case TAT was running and BF is not detected, the network can send SCG activation command without reconfigurationWithSync. The UE resume transmission in SCG without RACH.
· 4B: in case TAT has expired and BF was reported, the network should send SCG activation command with reconfigurationWithSync. The UE performs RACH following network configuration after SCG is activated.
· 4C: in case TAT is running but BF was reported, the network should send SCG activation command with reconfigurationWithSync. The UE perform RACH following network configuration after SCG is activated.
· 4D: in case TAT has expired but BF was not detected, the network can send SCG activation command with reconfigurationWithSync. The UE performs RACH following network configuration after SCG is activated. FFS if it is allowed the network does not provide reconfigurationWithSync, and then the UE listens to PDCCH order in PSCell using the last configured DL beam.
Proposal 5: No PUCCH on PSCell in deactivated SCG.
Proposal 6: No support of L1 measurement result reporting on PSCell in deactivated SCG.
Proposal 7: Legacy SN reconfiguration message can be sent to the UE embedded in the MN RRC reconfiguration message while the SCG is deactivated and can include: 
· SCell addition/release/reconfiguration
· RRM measurement/reporting reconfiguration
Proposal 8: RLM should be maintained on the PSCell after SCG is deactivated. After RLF is detected, the existing SCG failure reporting procedure should be initiated by the UE. 
Annex: Analysis on SCG activation delay
In RAN4 specification, the NR PSCell addition delay was defined for (NG)EN-DC and NR-DC in TS 36.133 and TS38.133 respectively. Taking EN-DC as an example, the NR PSCell addition delay is below. And we will discuss UE behaviour for the purpose of reduce each delay components.
	Upon receiving NR PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards NR 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 [2].
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.
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.
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 NR 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 the table 8.1-1 of TS 38.213 [39].
Trs is the SMTC periodicity of the target NR 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 requirement if the SSB transmission periodicity is not 5 ms.
In FR1 and FR2, the NR PSCell is known if it has been meeting the following conditions:
During the last 5 seconds before the reception of the NR PSCell configuration command:
-	the UE has sent a valid measurement report for the NR PSCell being configured and
-	One of the SSBs measured from the NR PSCell being configured remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50],
-	One of the SSBs measured from NR PSCell being configured also remains detectable during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].
otherwise it is unknown.



For TRRC_delay
Since the basic assumption of fast SCG (de)activation is that UE at least should maintain the RRC configuration of the SCG when it is deactivated, the RRC processing time could be reduced at least, and if MAC CE could act as activation command in case RRC reconfiguring is not needed this part of latency could be avoided. 
For Tprocessing
This latency component might relate to UE implementation, but considering at least the UE would continue some RRM measurement (already agreed) and RLM (FFS still) on PSCell while SCG is deactivated, it is expected that the processing time regarding SCG L1/L2 start-up and loading could be reduced. This should be done by RAN4, we could send LS to RAN2 once RAN2 made decision on RLM and other aspects related to measurements. 
For Tsearch
Similarly if assuming RRM measurement or RLM is performed on PSCell, then we can assume Tsearch = 0 ms.
For T∆
In normal EN-DC PSCell addition case, the initial fine tracking could be based on SSB, and the maximum delay is one SMTC of SSB of PSCell. Then in case of fast SCG activation, it makes sense that the UE can maintain fine time tracking during SSB based RRM measurement or RLM. This could be confirmed by RAN4.
Observation 0.1: The SCG activation delay components of TRRC_delay, Tprocessing, Tsearch and T∆ can be reduced or eliminated based on RRM measurement or RLM on PSCell.
For TPSCell_ DU
It is the delay uncertainty in acquiring the first available PRACH occasion in the NR PSCell, which could be more than 10msec, so one way to eliminate this component is to avoid RACH as much as possible.
Observation 0.2: TPSCell_ DU can be reduced if RACH procedure could be avoid if possible.
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