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1 Introduction 
On specifying UE behavior in SCG deactivated, good progress has been made in the previous R17 RAN2 meetings. Following the email discussion [AT113-e][230][eDCCA] [1] and online discussion in the previous RAN2 #113-e meeting [2], the following agreements were made, which laid out the various options on the table on remaining issues regarding UE behavior in SCG deactivated. Agreements
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).

 
In this contribution paper, we discuss whether UE should perform DL measurements and monitoring, e.g., RLM and BFD related measurements, while in SCG deactivated and whether UE should provide related information and reports to the network. 
2 RLM, BFD, and radio link failure recovery in SCG deactivated
[bookmark: _Ref535308766][bookmark: _Ref535492080]It has been agreed in RAN2 #112-e [3] that MN and SN configured RRM measurements should be performed and reported by the UE while in SCG deactivated. 
RRM measurements and reports, e.g., based on configured event A2, may be able to assist the network to detect that the UE has gone out of coverage of the PSCell. However, a number of companies expressed concern about relying on RRM measurements to detect PSCell out of coverage and thought that RLM is the right mechanism for this since it was designed to detect out of coverage. We also think that RLM is a more reliable mechanism.
Proposal 1. UE supports performing RLM on PSCell while in SCG deactivated.  
BFD enables UE to detect whether it is being provided coverage by the configured serving beams. If BFD is detected it means UE is not being provided coverage by any of the configured serving beams. 
Upon SCG activation, if a usable beam is available UE can use it to perform RACH instead of performing RACH as in initial access. Also, UE can use it to perform SR upon SCG activation, e.g, if the TA timer is still running at SCG activation. Both of the above are possible ways to lower the SCG activation delay. We therefore think that in SCG deactivated UE should perform BFD on the PSCell as well. 
Proposal 2. UE supports performing BFD on PSCell while in SCG deactivated.
Observation 1. Performing RLM and BFD on PSCell while in SCG deactivated can enable UE to determine upon SCG activation if it has a usable beam for performing RACH or SR, which has the potential to reduce SCG activation delay.
Regarding power consumption concerns due to UE performing RLM and/or BFD in SCG deactivated, our understanding is that RLM or BFD measurements does not result in significant additional power consumption if RRM measurements are already being performed (UE performing RRM measurements in SCG deactivated has been agreed in RAN2 #112-e [3]).
Our understanding is based on a computational analysis of the power consumption due to UE performing RRM, RLM, and BFD on a PSCell, based on the power consumption models in TR 38.840 [4]. The PSCell is assumed to be an FR2 cell.
Figure 1 shows plots of power consumption for a UE performing RRM only, RRM and RLM, and RRM, RLM, and BFD, as the CSI-RS (SSB) periodicity is varied. The power consumption shown is over a period of time in which two CSI-RS (SSB) are received by the UE, and the units are as defined in TR 38.840 [4].
The analysis involves the following assumptions and is based on the power consumption models in TR 38.840 [4]:
· RRM, RLM, and BFD measurements are done based either on SSB or on CSI-RS.
· Same periodicity values are assumed for both SSB and CSI-RS transmissions (in Figure 1).
· RRM measurements: It is assumed that measurements are carried out on 4 intra-frequency and 2 inter-frequency cells.
· For inter-frequency measurements, gap pattern ID = 0 defined in TS 38.133 is assumed (i.e., measurement gap length of 6 ms and measurement gap periodicity of 40 ms); see TR 38.840 [4].
· SMTC window periodicity is assumed to be 4 times the SSB periodicity.
· SMTC window duration: 2 ms.
The figure shows that RLM or BFD measurements should not result in significant additional power consumption if RRM measurements are already being performed.
[image: ]
[bookmark: _Ref67656978]Figure 1: UE power consumption for RRM, RLM, and BFD measurements on PSCell
Observation 2. In SCG deactivated, UE performing RLM and BFD on the PSCell does not result in significant additional power consumption if RRM measurements on the PSCell are already being performed.
We discuss some further proposals on RLM and BFD. The RLM procedure consists of the UE measuring DL RLM RSs configured to be either SSB/PBCH or CSI-RS transmitted on a beam. UE is configured with a set of RLM RSs that are transmitted in currently used and neighbor beams (see Figure 2). A certain maximum number of RLM RSs can be configured, which depends on the DL carrier frequency of the cell (see Table 2‑1).
Consequently, as is well known, a moving UE may need to be provided with updated RLM RSs (beams) to monitor since different beams provide coverage in different parts of a cell.


[bookmark: _Ref67670616]Figure 2: Set of beams (and associated RLM RSs) providing coverage to a UE
[bookmark: _Ref67670973]Table 2‑1: Maximum number of RLM RSs configured for a UE
	Carrier frequencies
	Maximum number of RLM RSs

	Below 3 GHz
	2

	3 GHz-6 GHz
	4

	Above 6 GHz
	8



UE may experience RLF on a serving cell because the current and neighbor beams as configured through RLM and BFD are no longer providing coverage, e.g., if the UE has moved relative to those beams, or because there is some obstruction between the UE and the base station. Upon detection of RLF on the PSCell, UE should report this to the network. This enables the network to then possibly reconfigure the UE with an updated set of beams and RSs to monitor.
Proposal 3. UE transmits RRC SCGFailureInformation message to MN upon detecting RLF on PSCell while in SCG deactivated.   
Upon detection of BFD, the legacy recovery procedure is that UE initiates BFR (Beam Failure Recovery) by performing RACH on the cell. However, performing RACH for BFR while in SCG deactivated may result in additional power consumption. The alternative is to report the occurrence of BFD to the MN. 
Proposal 4. Upon detecting BFD on the PSCell while in SCG deactivated, UE reports the occurrence of BFD to the network via the MCG.  
A simple way to report BFD to the MN is to reuse SCGFailureInformation. An advantage of reusing SCGFailureInformation is that the message includes the available results of measurements performed by the UE that were configured by MN and SN. The measurement results can assist the network to reconfigure the UE. A new failure type can be introduced in the message to indicate that the procedure was triggered due to BFD in SCG deactivated.
Proposal 5. Upon detecting BFD on the PSCell in SCG deactivated UE reports BFD by transmitting SCGFailureInformation to the MN (a new failure type can be introduced in the message for this purpose).  
Upon receiving the SCGFailureInformation message, MN may decide to keep, change, or release the SN/SCG. 
Case 1: Upon receiving SCGFailureInformation, MN decides to change or release the SN.
In this case, MN transmits an RRC reconfiguration message to the UE and, in case the SN is changed, the RRC reconfiguration also indicates whether the activation state of new SCG is deactivated or activated. This was agreed in RAN2 #112-e [3]. 
Observation 3. Upon receiving SCGFailureInformation, in case MN decides to release the SN or change the PSCell, MN transmits RRC reconfiguration to the UE, and if PSCell is changed, the included SN RRC reconfiguration also indicates whether the activation state of new SCG is deactivated or activated.  
Case 2: Upon receiving SCGFailureInformation, MN decides to keep the SN and change or keep the SCG configuration.
In this case also, MN transmits RRC reconfiguration to the UE and, if the PSCell is changed, the RRC reconfiguration also indicates whether the activation state of new SCG is deactivated or activated [3]. Also, MN forwards the information in SCGFailureInformation to the SN, i.e., the measurement results according to the SN configuration and the SCG failure type (see TS 37.340). Based on the information in SCGFailureInformation, MN and SN may provide a reconfiguration to the UE. 
Proposal 6. Upon receiving SCGFailureInformation, in case MN decides not to change the PSCell, MN and SN may optionally provide a reconfiguration to the UE in response. In particular, SN may provide in an RRC reconfiguration an updated set of beams, RLM RSs, BFD RSs, and additional RSs for UE to measure on the PSCell while in SCG deactivated. 
SN can provide the updated set of beams, RLM RSs, BFD RSs, and additional RSs using the IE RadioLinkMonitoringConfig.
In order to assist SN to determine the updated set of beams and RSs to configure the UE with, UE can be configured to report PSCell beam measurements beside the usual measurement results in SCGFailureInformation. In RRCReconfiguration, there is an IE includeBeamMeasurements that indicates to the UE whether it should additionally report beam measurements in the usual RRC measurement reports. This mechanism can be reused so that UE reports PSCell beam measurement results in SCGFailureInformation while in SCG deactivated.
Observation 4. In order to assist the SN to determine the configuration of updated beams and RSs as in Proposal 6, UE should report PSCell beam measurement results in SCGFailureInformation.
Proposal 7. UE should be configured to report PSCell beam measurement results in SCGFailureInformation while in SCG deactivated.  
With regard to Proposal 6, we think UE should be configured with a larger set of RSs to measure and report than RLM and BFD RSs. For example, when UE experiences RLF on PSCell the RLM RS measurements would be quite poor, i.e., low RSRP, and so if measurements on other RSs are good and these are reported to the network, the network could consider them as candidate RLM RSs or BFD RSs to configure the UE with going ahead.
Proposal 8. Upon receiving the RRC reconfiguration message as discussed in Proposal 6, UE resumes performing RLM and BFD on the PSCell as per the provided configuration, while in SCG deactivated.  
An example timeline at the UE corresponding to Proposals 3-8 is shown in Figure 3.


[bookmark: _Ref68126605]Figure 3: An example timeline at the UE corresponding to Proposals 3-8
Upon UE detecting BFD or RLM, an option discussed in RAN2 #113-e email discussion [1] is to wait for SCG activation and upon SCG activation perform RACH on the PSCell. This option seems less preferable to us than the alternative option we have discussed in Proposals 3-8 above, in which it is possible and more likely for UE to have a usable beam to perform RACH (or SR) upon SCG activation. This can potentially reduce the activation delay and we think is useful especially when the time spent in deactivated state is somewhat long.  
Observation 5. Upon UE detecting BFD or RLM, the option in which UE reports measurements via the MCG and waits for reconfiguration (Proposals 3-8 above) seems more preferable than the option where UE waits for SCG activation and performs RACH on activation, since it is possible and more likely in the former option for UE to have a usable beam upon SCG activation.
3 Handling Time Alignment timer (TAT) of the PSCell in SCG deactivated
In the previous RAN2 #113-e meeting [2] it was left FFS whether in absence of PDCCH monitoring and UL transmission it is possible to assume that TA is valid when the TA timer is running. Our understanding is that, in general, TA is considered valid when the TA timer is running, and this should hold for the TA timer of the PSCell while UE is in SCG deactivated.
Observation 6. In general, TA is considered valid when the TA timer is running, and this holds for the TA timer of the PSCell while UE is in SCG deactivated. 
Upon UE entering SCG deactivated, if the TA timer of the PSCell is running, UE should keep the timer running (UE should not reset the timer).
Proposal 9. Upon UE entering SCG deactivated, if the TA timer of the PSCell is running, UE should keep the timer running.  
While in SCG deactivated, some companies were of the view that the UE should stop the TA timer if it is still running when BFD or RLM is detected. We think stopping the TA timer should not be coupled with detection of BFD or RLM.
Proposal 10. While in SCG deactivated, UE should not stop the TA timer of the PSCell if it is running when BFD or RLM is detected.
If TA timer of the PSCell expires in SCG deactivated, then UE has lost UL synchronization with SN. One way for the UE to regain UL synchronization is to immediately perform RACH on the PSCell. However, performing RACH results in power consumption. Therefore, we propose that UE should not perform any procedure to maintain UL timing alignment with the SN once it has lost UL timing. Furthermore, as discussed in Section 3 below, no UL transmissions seem to be required while UE is in SCG deactivated, so that maintaining UL timing alignment with SN is not required once UL timing is lost.
Proposal 11. While in SCG deactivated, if TA timer of the PSCell expires, UE does not perform any procedure, e.g., RACH on PSCell, to regain or maintain UL timing alignment with the SN.
Proposal 12. Upon SCG activation, if TA timer of the PSCell has already expired, UE performs RACH on the PSCell to obtain UL timing information.
In Proposal 12, UE can make use of a usable beam if one is available to perform RACH, instead of performing RACH as in initial access.
3 CSI-RS measurements and reporting and beam management in SCG deactivated
CSI-RS measurements and reporting in SCG deactivated
Configuration of CSI-RS resources for CSI-RS measurements is provided in CSI-MeasConfig in RRC reconfiguration message. We think that performing CSI-RS measurements on the PSCell for the purpose of CSI reporting should not result in significant additional power consumption if RRM measurements are already being performed, i.e., if RRM measurements involve measuring CSI-RS. However, there are two issues that need to be addressed:
Issue 1: How to transmit CSI reports in SCG deactivated.
Issue 2: Whether performing CSI-RS measurements and reporting after SCG activation impacts SCG activation delay.
On Issue 1, for UE to be able to perform CSI reporting, UE needs to maintain UL timing with SN. After TA timer of the PSCell expires, maintaining UL timing requires UE to be able to receive TA commands from SN through either of the following means, one of which impacts power savings and the other involves significant specification changes.
· MAC CE commands sent on the SCG, which will require UE to monitor PDCCH.
· TA commands received via MCG, that may involve significant specification changes (impacts on Xn/X2 and MAC specifications).  
Observation 7. Transmission of CSI reports on PSCell UL impacts power savings and if TA timer of the PSCell expires, requires UE to maintain UL timing with SN while in SCG deactivated.
On Issue 2, CSI reports transmitted by the UE on PSCell UL can be used by the network to schedule the UE on the DL upon SCG activation with lower delay.  
In case UE performs RACH on SN upon activation in order to acquire UL timing, then since the RACH procedure delay is expected to be higher, CSI-RS measurements and reporting after activation may not contribute significantly to the delay. 
In case UE does not perform RACH on SN upon activation, a temporary RS mechanism together with SCG activation can enable the UE to quickly perform CSI-RS measurements and transmit CSI report to the SN upon SCG activation.
[bookmark: _Hlk61418776]Observation 8. CSI-RS measurements and reporting after SCG activation do not contribute significantly to the delay for SN to begin scheduling the UE on the DL.
Because of the above reasons (Observations 7, 8), we are leaning towards the following.
Proposal 13. In SCG deactivated, UE does not perform CSI-RS measurements on the PSCell and CSI reporting based on these measurements.  
Beam management in SCG deactivated
The following constitute DL and UL beam management: DL Tx-side and UL Rx-side beam adjustment on the network side, and DL Rx-side and UL Tx-side beam adjustment at the UE.  
· For DL Tx-side beam adjustment at the SN, UE has to provide periodic beam (L1) measurements reports to the SN. The DL RSs to measure, corresponding to the set of beams, are configured CSI-RS or SSB resources. In SCG deactivated, the beam measurement reports may be transmitted on PSCell PUCCH or via the MCG. 
· An issue with transmitting the beam measurement reports on PSCell PUCCH is the negative impact on UE power savings, besides the fact that PUCCH resources will have to be reserved for this purpose. In case of significant UE movement relative to the serving beams, more frequent reports may need to be transmitted to keep track of the beams, which results in even more UE power consumption. Moreover, if PSCell TA timer expires, UL timing alignment with the SN is required to be maintained.
· Transmitting through the MCG also involves delays which might reduce the usefulness and relevance of the beam measurements.      
· For DL Rx-side beam adjustment at the UE, no signalling is required – UE can perform this based on its own measurements.   
· Uplink beam adjustment can be done by the SN if SRS is transmitted on PSCell. A Working Assumption in RAN2 #112-e [3] is that SRS on the PSCell is not supported in SCG deactivated. The primary concern was power consumption.
Based on the above discussion, we think that beam management should not be supported in SCG deactivated.
Observation 9. DL and UL beam management procedures involve periodic beam (L1) measurement reports on the UL or SRS transmissions, which could result in increased UE power consumption in SCG deactivated.  
Proposal 14. In SCG deactivated, UE does not support DL or UL beam management procedures.     
4 Conclusion
Based on the above discussions, we recommend that RAN2 discuss the following observations and proposals.
RLM, BFD, and radio link failure recovery in SCG deactivated
Proposal 1. UE supports performing RLM on PSCell while in SCG deactivated.
Proposal 2. UE supports performing BFD on PSCell while in SCG deactivated.
Observation 1. Performing RLM and BFD on PSCell while in SCG deactivated can enable UE to determine upon SCG activation if it has a usable beam for performing RACH or SR, which has the potential to reduce SCG activation delay.
Observation 2. In SCG deactivated, UE performing RLM and BFD on the PSCell does not result in significant additional power consumption if RRM measurements on the PSCell are already being performed.
Proposal 3. UE transmits RRC SCGFailureInformation message to MN upon detecting RLF on PSCell while in SCG deactivated.
Proposal 4. Upon detecting BFD on the PSCell while in SCG deactivated, UE reports the occurrence of BFD to the network via the MCG.
Proposal 5. Upon detecting BFD on the PSCell in SCG deactivated UE reports BFD by transmitting SCGFailureInformation to the MN (a new failure type can be introduced in the message for this purpose).
Observation 3. Upon receiving SCGFailureInformation, in case MN decides to release the SN or change the PSCell, MN transmits RRC reconfiguration to the UE, and if PSCell is changed, the included SN RRC reconfiguration also indicates whether the activation state of new SCG is deactivated or activated.
Proposal 6. Upon receiving SCGFailureInformation, in case MN decides not to change the PSCell, MN and SN may optionally provide a reconfiguration to the UE in response. In particular, SN may provide in an RRC reconfiguration an updated set of beams, RLM RSs, BFD RSs, and additional RSs for UE to measure on the PSCell while in SCG deactivated.
Observation 4. In order to assist the SN to determine the configuration of updated beams and RSs as in Proposal 6, UE should report PSCell beam measurement results in SCGFailureInformation.
Proposal 7. UE should be configured to report PSCell beam measurement results in SCGFailureInformation while in SCG deactivated.
Proposal 8. Upon receiving the RRC reconfiguration message as discussed in Proposal 6, UE resumes performing RLM and BFD on the PSCell as per the provided configuration, while in SCG deactivated.
Observation 5. Upon UE detecting BFD or RLM, the option in which UE reports measurements via the MCG and waits for reconfiguration (Proposals 3-8 above) seems more preferable than the option where UE waits for SCG activation and performs RACH on activation, since it is possible and more likely in the former option for UE to have a usable beam upon SCG activation.
Handling Time Alignment timer (TAT) of the PSCell in SCG deactivated
Observation 6. In general, TA is considered valid when the TA timer is running, and this holds for the TA timer of the PSCell while UE is in SCG deactivated.
Proposal 9. Upon UE entering SCG deactivated, if the TA timer of the PSCell is running, UE should keep the timer running.
Proposal 10. While in SCG deactivated, UE should not stop the TA timer of the PSCell if it is running when BFD or RLM is detected.
Proposal 11. While in SCG deactivated, if TA timer of the PSCell expires, UE does not perform any procedure, e.g., RACH on PSCell, to regain or maintain UL timing alignment with the SN.
Proposal 12. Upon SCG activation, if TA timer of the PSCell has already expired, UE performs RACH on the PSCell to obtain UL timing information.
CSI-RS measurements and reporting in SCG deactivated
Observation 7. Transmission of CSI reports on PSCell UL impacts power savings and if TA timer of the PSCell expires, requires UE to maintain UL timing with SN while in SCG deactivated.
Observation 8. CSI-RS measurements and reporting after SCG activation do not contribute significantly to the delay for SN to begin scheduling the UE on the DL.
Proposal 13. In SCG deactivated, UE does not perform CSI-RS measurements on the PSCell and CSI reporting based on these measurements.
Beam management in SCG deactivated
Observation 9. DL and UL beam management procedures involve periodic beam (L1) measurement reports on the UL or SRS transmissions, which could result in increased UE power consumption in SCG deactivated.  
Proposal 14. In SCG deactivated, UE does not support DL or UL beam management procedures.
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