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1 Introduction 
[bookmark: _GoBack]RAN2 discussions on Efficient SCG deactivation/activation in MR-DC in the previous RAN2 meeting (RAN2 #112-e) achieved good progress through agreements on some key proposals regarding UE and network behaviour in SCG deactivated state. The proposals were on the following issues: performing PDCCH monitoring, performing RRM measurements and reporting measurement results, PSCell mobility, and performing SRS transmissions. The following are the set of agreements from the RAN2 #112-e meeting [1] after email discussions and online meeting [2], [3].Agreements
· The work will focus on a single deactivated SCG.
· Continue RAN2 work with the assumption that when the SCG is deactivated, the UE does not monitor PDCCH on the PSCell. This assumption can be reconsidered if issues are found.
· As a baseline, MN-configured RRM measurement/reporting procedures do not depend on the SCG activation state (deactivated or activated). Further optimisations are not precluded.
· While the SCG is deactivated, PSCell mobility is supported. MN- and SN-configured measurements are supported for deactivated SCG. 
· RAN2 assumes that UE will not perform SRS transmission while the SCG is deactivated. This assumption can be reconsidered if issues are found.
· SCG activation state (activated/deactivated) can be configured at PSCell addition/change, RRC resume or HO.
· When the SCG is in deactivated state, the UE sends MeasurementReport messages for measurement results of SN-configured measurements embedded in the E-UTRA (if the MCG is EUTRA) or in the NR (if the MCG is NR) ULInformationTransferMRDC message via SRB1.
· When the SCG is in deactivated state, the UE can receive an SCG RRCReconfiguration message embedded in an MCG RRC(Connection)Reconfiguration message on SRB1, like when the SCG is activated, and then the UE:
· processes the SCG RRCReconfiguration message according to Rel-15/16 procedures (FFS if any restriction/difference);
· sends an SCG RRCReconfigurationComplete message in the MCG RRC(Connection)ReconfigurationComplete message according to Rel-15/16 procedures.
· The SCG RRCReconfiguration can change the PSCell.  FFS if the UE does RACH towards the target PSCell, in that case.
· While the SCG is deactivated:
· there can be SCG SCells in deactivated state;
· there cannot be SCG SCells in activated state.


In this contribution paper we discuss further proposals on UE behaviour in SCG deactivated state.

2 [bookmark: _Ref535308766][bookmark: _Ref535492080]RLM and BFD in SCG deactivated state
Our previous position has been that UE does not need to perform RLM on the PSCell in SCG deactivated. The reason is that RRM measurements and reports, e.g., based on event A2, should suffice for the network to command the UE to perform PSCell change before PSCell radio conditions deteriorate significantly. 
However, many companies have indicated that RRM measurements may not be able to reliably detect if the UE goes out of coverage of the PSCell. We are now open to consider UE performing RLM to enable it to detect out of coverage situations. 
Observation 1. If majority understanding is that RLM is required to enable UE to detect PSCell out of coverage, we are open to the proposal that UE performs RLM on PSCell in SCG deactivated.      
Proposal 1. UE supports performing RLM on PSCell while in SCG deactivated.
Beam Failure Detection (BFD) is another mechanism by which UE can detect out of coverage – in this case detecting whether or not UE is being covered by the set of serving beams. 
Observation 2. Similar to Observation 1, if majority understanding is that BFD is required because UE needs to detect loss of coverage of serving beams, we are open to the proposal that UE performs BFD on PSCell in SCG deactivated.
If UE performs RLM, it is natural to ask whether UE needs to perform BFD also. If UE performs RLM then it should be enough to detect out of coverage situations and BFD should not be required. RLM seems to be a more robust mechanism than BFD because it involves further checking whether radio conditions have improved (in-sync indications) so that temporary degradation (resulting in out-of-sync indications) does not trigger RLF. However, there might be scenarios where performing both may be useful. We therefore leave it up to the network to configure the UE to perform BFD in SCG deactivated state.
[bookmark: _Hlk61418576]Proposal 2. Network may configure the UE to perform BFD in SCG deactivated state.
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. It has already been agreed in the previous RAN2 #112-e meeting [1] that UE performs RRM measurements on the SCG while in SCG deactivated state.
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: _Ref61416438]Figure 1: UE power consumption for RRM, RLM, and BFD measurements
[bookmark: _Hlk61418598]Observation 3. In SCG deactivated, UE performing RLM and/or BFD on the PSCell should not result in significant additional power consumption if RRM measurements are already being performed.
[bookmark: _Hlk47300720][bookmark: _Hlk54135794]We discuss some further proposals on RLM. Before doing so, we note the following facts regarding the existing RLM procedure:
· The RLM procedure consists of the UE measuring DL RLM RSs configured to be either SSB/PBCH or periodic 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 upon the carrier frequency (see Table 2‑1).
Consequently, a moving UE may need to be provided with updated RLM RSs (beams) to monitor as it moves since different beams provide coverage in different parts of a cell.


[bookmark: _Ref61277207]Figure 2: Set of RLM RSs (beams) providing coverage to a UE
[bookmark: _Ref61277303]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



[bookmark: _Hlk61418619]Observation 4. A UE may need to be provided with updated set of RLM RSs and beams, e.g., as the UE moves, for the UE to perform RLM measurements in SCG deactivated.
If UE detects RLF, it means that the measured quality (e.g., RSRP) of most RLM RSs and the associated beams is quite poor, which implies that the UE should be provided with an updated set of RLM RSs. 
If UE detects RLF on the PSCell, UE initiates SCG Failure Information procedure by transmitting RRC SCG Failure Information message to the MN to inform the network about the occurrence of SCG RLF. Upon receiving this message from the MN, SN can provide the UE with an updated set of RLM RSs and beams in an RRCReconfiguration message.  
The above discussion motivates the following set of proposals.
Proposal 3. UE transmits RRC SCG Failure Information message to MN upon detecting RLF on PSCell while in SCG deactivated.
Network may configure UE to also initiate SCG Failure Information procedure upon detecting BFD.
Proposal 4. Network may configure UE to transmit RRC SCG Failure Information message to MN upon detecting BFD on PSCell while in SCG deactivated.
Proposal 5. In SCG Failure Information message, beside the usual measurement results UE may be configured to report beam measurement results.
Observation 5. MN forwards the SCG Failure Information message to the SN using RRC Transfer procedure.
Proposal 6. Upon receiving SCG Failure Information, SN transmits an RRCReconfiguration message in response including an IE that is defined specifically for measurements for RLM and beam measurements and reporting in SCG deactivated state. The IE contains the following information:
· Set of RLM RSs to measure;
· Set of BFD RSs to measure;
· Set of RSs to measure in addition to RLM and BFD RSs;
· Indication whether UE includes beam measurement results in SCG Failure Information message transmitted when UE is in SCG deactivated;
· Set of beam measurements (measurements on RSs) to report in SCG Failure Information message;
· Indication whether UE transmits SCG Failure Information upon detection of BFD and includes beam measurements results in the message.
In the RRCReconfiguration message, there is an IE includeBeamMeasurements which is used to indicate to the UE whether it should report beam measurement results in RRC measurement reports. This mechanism can be reused here.   
UE should be configured with a larger set of RSs to measure and report in SCG Failure Information than the set of RLM RSs or BFD RSs. When UE experiences RLF for example, the measured RLM RSs are poor, e.g., RSRP is low, and so if measurements on other RSs are good and these are reported to the SN, the SN could consider them as candidate RLM RSs or BFD RSs to configure the UE with going ahead.
[bookmark: _Hlk61418684]Observation 6. UE should be configured with a larger set of RSs to measure and report in SCG Failure Information than the set of RLM RSs or BFD RSs.
Proposal 7. The RRCReconfiguration message (in Proposal 6) may also provide the UE with updated RACH configuration, e.g., available CFRA resources (preambles), that can be used if UE performs RACH upon SCG activation.
We assume, in what follows, that the TA timer associated with the PSCell is kept running when UE enters SCG deactivated state.  
Proposal 8. Upon SCG activation, if TA timer associated with the PSCell has not expired, UE does not need to perform RACH on the PSCell.
Proposal 9. Upon SCG activation, if TA timer associated with the PSCell has expired, UE performs RACH selecting and using one of the configured beams and the associated RACH parameters.
A beam can be selected based on various considerations:
· Measured quality, e.g., RSRP;
· Whether CFRA resources are configured for it;
· Whether there is a nearby RACH occasion.
The set of Proposals 6 through 9 can contribute to lower SCG activation delay with some power consumption cost incurred due to RLM and BFD measurements and because of UE performing SCG failure recovery procedure. The reasons for the lower delay are:
· UE is provided during the procedure with an updated set of beams that provide coverage, as required. Then, as Proposal 9 indicates, if UE performs RACH upon SCG activation, then UE can select and use one of the configured beams instead of using a procedure similar to initial access where UE listens to multiple SSB/PBCH blocks (beams) before selecting one to perform RACH.
· Also, UE can perform a CFRA or a 2-step RACH procedure which would decrease the RACH procedure delay during SCG activation.     
3 CSI-RS measurements and reporting in SCG deactivated state
We think that performing CSI-RS measurements on PSCell for the purpose of CSI reporting should not result in significant additional power consumption if RRM measurements are already being performed, e.g., if RRM measurements already 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: Does performing CSI-RS measurements and reporting in SCG deactivated.
On Issue 1, for UE to be able to perform CSI reporting, UE needs to maintain UL timing with the SN while in SCG deactivated. If TA timer 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 specifications as well as MAC specification).  
Observation 7. Transmission of CSI reports on PSCell UL has an impact on power savings and requires UE to maintain UL timing with the SN while in SCG deactivated.
On Issue 2, CSI reports transmitted by the UE on PSCell UL while in SCG deactivated can be used by the network to schedule the UE on the DL upon SCG activation with minimum 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 in conjunction 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 the SN to begin scheduling the UE on the DL.
Because of the above reasons, we are leaning towards the following proposal.
[bookmark: _Hlk61418796]Proposal 10. In SCG deactivated, UE does not perform CSI-RS measurements on the PSCell and CSI reporting based on these measurements.
While the UE is in SCG deactivated, since it has been agreed (working assumption) that there will be no SRS transmissions [1] and our proposals above indicate that CSI reporting is also not required, there are no UL transmissions.
Observation 9. In SCG deactivated, since there are no UL transmissions on SCG, upon expiry of the TA timer associated with the PSCell there is no need for the UE to actively maintain UL timing with the SN.

Proposal 11. Upon expiry of the TA timer associated with the PSCell, UE does not maintain UL timing with the SN. 
4 Conclusions
Based on the above discussions, we recommend that RAN2 discuss the following observations and proposals:

Observation 1. If majority understanding is that RLM is required to enable UE to detect PSCell out of coverage, we are open to the proposal that UE performs RLM on PSCell in SCG deactivated.      
Proposal 1. UE supports performing RLM on PSCell while in SCG deactivated.
Observation 2. Similar to Observation 1, if majority understanding is that BFD is required because UE needs to detect loss of coverage of serving beams, we are open to the proposal that UE performs BFD on PSCell in SCG deactivated.
Proposal 2. Network may configure the UE to perform BFD in SCG deactivated state.
Observation 3. In SCG deactivated, UE performing RLM and/or BFD on the PSCell should not result in significant additional power consumption if RRM measurements are already being performed.
Observation 4. A UE may need to be provided with updated set of RLM RSs and beams, e.g., as the UE moves, for the UE to perform RLM measurements in SCG deactivated.
Proposal 3. UE transmits RRC SCG Failure Information message to MN upon detecting RLF on PSCell while in SCG deactivated.
Proposal 4. Network may configure UE to transmit RRC SCG Failure Information message to MN upon detecting BFD on PSCell while in SCG deactivated.
Proposal 5. In SCG Failure Information message, beside the usual measurement results UE may be configured to report beam measurement results.
Observation 5. MN forwards the SCG Failure Information message to the SN using RRC Transfer procedure.
Proposal 6. Upon receiving SCG Failure Information, SN transmits an RRCReconfiguration message in response including an IE that is defined specifically for measurements for RLM and beam measurements and reporting in SCG deactivated state. The IE contains the following information:
· Set of RLM RSs to measure;
· Set of BFD RSs to measure;
· Set of RSs to measure in addition to RLM and BFD RSs;
· Indication whether UE includes beam measurement results in SCG Failure Information message transmitted when UE is in SCG deactivated;
· Set of beam measurements (measurements on RSs) to report in SCG Failure Information message;
· Indication whether UE transmits SCG Failure Information upon detection of BFD and includes beam measurements results in the message.
Observation 6. UE should be configured with a larger set of RSs to measure and report in SCG Failure Information than the set of RLM RSs or BFD RSs.
Proposal 7. The RRCReconfiguration message (in Proposal 6) may also provide the UE with updated RACH configuration, e.g., available CFRA resources (preambles), that can be used if UE performs RACH upon SCG activation.
Proposal 8. Upon SCG activation, if TA timer associated with the PSCell has not expired, UE does not need to perform RACH on the PSCell.
Proposal 9. Upon SCG activation, if TA timer associated with the PSCell has expired, UE performs RACH selecting and using one of the configured beams and the associated RACH parameters.
Observation 7. Transmission of CSI reports on PSCell UL has an impact on power savings and requires UE to maintain UL timing with the SN while in SCG deactivated.
Observation 8. CSI-RS measurements and reporting after SCG activation do not contribute significantly to the delay for the SN to begin scheduling the UE on the DL.
Proposal 10. In SCG deactivated, UE does not perform CSI-RS measurements on the PSCell and CSI reporting based on these measurements.
Observation 9. In SCG deactivated, since there are no UL transmissions on SCG, upon expiry of the TA timer associated with the PSCell there is no need for the UE to actively maintain UL timing with the SN.

Proposal 11. Upon expiry of the TA timer associated with the PSCell, UE does not maintain UL timing with the SN. 
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