[bookmark: _Hlk54275161]3GPP TSG-RAN WG2 #115	Tdoc R2-2108389
[bookmark: _Hlk66718036]Electronic meeting, August 9th – 27th, 2021

Agenda Item:	8.2.2.2
Source:	Ericsson
Title:	UE measurements and reporting in deactivated SCG
Document for:	Discussion, Decision
1	Introduction
In RAN2#113bis-e, the following agreements were made:
5	Only the MN can generate an RRC message with SCG (de)activation.
1	Indication of SCG deactivation to the UE via the SCG is not supported.
7	During handover preparation, the target MN can indicate the SCG state in the RRCReconfiguration message to be sent to the UE by the source MN.
8	The MN RRC reconfiguration message used to deactivate SCG and the embedded SN RRC reconfiguration message can reconfigure any parameter (any restriction requires an explicit decision).
9	While the SCG is deactivated, the MN RRC reconfiguration message and the embedded SN RRC reconfiguration message can reconfigure any parameter (any restriction requires an explicit decision).
2	The UE can indicate to the MN that the UE would like the SCG to be deactivated. FFS on the details (e.g. reusing UAI or existing messages, information included, etc.). Network can configure whether UE is allowed to do the indication.

At RAN2#114-e, Efficient SCG (de)activation was down-prioritized and no agreements were made. This contribution discusses remaining issues for UE measurements and reporting for deactivated SCG. 
[bookmark: _Ref178064866]2	Discussion
In the WI status report to plenary [4], the rapporteur listed some remaining open issues, including the following:
"certain aspects of UE behaviour for deactivated SCG e.g.
· Whether there is RLM/BFD
· Whether there are L1 measurements/reporting 
· Need for RACH at PSCell change
· [bookmark: _Hlk78362496]RRM measurement details"
Moreover, in RAN2#113bis-e, there was unfortunately no time to discuss the proposals of the summary document for AI 8.2.2.2: UE measurements and reporting in deactivated SCG [1], except for RRM relaxations, for which there was an at-meeting offline discussion [2]. 
As the area of UE measurements and reporting has not been discussed very much for a couple of RAN2 meetings, we think there are multiple potentially "easy agreements" that can be made in this area, including proposals in the summary document [1].

2.1	Maintaining TA while the SCG is deactivated 
In order to reduce the SCG activation delay, we think that it should be possible for the UE to maintain some level of DL sync, using RRM measurements as discussed in section 2.3 further below. 
Maintaining also the UL sync can reduce the SCG activation delay by avoiding random access. In our view, actively maintaining the TA will require more complex solutions as the TA command would have to be transmitted to the UE via MCG and furthermore the network would probably need to receive some transmission from the UE in the SCG in order to determine the need for TA command, which would also increase UE power consumption. However, keeping the TA timer running when SCG is deactivated, and assume valid time alignment while TA timer is running (to possibly avoid random access if the SCG is to be activated) seems a good compromise. This way of passively maintaining the TA will also result in lower power consumption at the UE, since no UL transmissions are needed for tracking and correcting the time alignment.
In the summary document [1], there was rather wide support among companies for maintaining the TA timer for deactivated SCG, thus we repeat here the following proposals from the summary:
[bookmark: _Toc79093510]TA timer of PSCell is kept running after SCG deactivation, if TA timer is running.
[bookmark: _Toc79093511]UE does not need to perform any procedure, e.g. RACH, to maintain UL timing alignment with SN if TAT timer expires.
[bookmark: _Toc79093512]Upon SCG activation, if TA timer of the PSCell has already expired or stop, UE performs RACH on the PSCell to obtain UL timing information.
[bookmark: _Toc79093513]RAN2 confirms that when deactivated SCG PSCell is changed UE does not initiate RACH until there is need to activate SCG.
2.2	Whether there is RLM/BFD
A legacy UE operating in MR-DC performs both MCG RLM (M-RLM) and SCG RLM (S-RLM). If an S-RLF (RLF triggered on the PSCell) is triggered while the MCG link is not suspended, the UE transmits an SCG failure information message including available measurements. 
To summarize our view, we believe it is important that the UE continues to perform S-RLM while the SCG is deactivated. Performing S-RLM can also help UE to maintain DL synchronization, which will reduce the activation delay for the SCG.
In the summary document [1], there was rather wide support among companies for supporting RLM on deactivated SCG.  We agree and simply echo the proposal here: 
[bookmark: _Toc79093514]RLM is performed for the deactivated SCG and legacy SCGFailureInformation message and reporting procedure can be reused after RLF is detected.
There was an equally wide support for performing BFD for deactivated SCG, and in our view BFD is an important factor to achieve readiness for SCG transmission / reception while the SCG is deactivated. The UE should be as ready as possible to be scheduled in the SCG after the SCG is deactivated, otherwise SCG deactivation would not present significant gains compared to a legacy SCG release and add procedure. If BFD is not supported, and at the same time, beam management / CSI is not supported, the UE would always require random access upon activation, since even if the TA timer would be running, the UE may have lost the beam alignment. Always resorting to random access is not preferred, taking into account the time needed for resource / beam selection. 
Supporting BFD on top of already agreed RRM measurements for deactivated SCG is not expected to be very costly in terms of UE power consumption. There can be different possible alternatives to handle BFD while SCG is deactivated. A first alternative is to follow the behaviour defined while the SCG is activated i.e. upon BFD the UE performs BFR, which leads to a random access to the PSCell. The benefit of this alternative is that beam alignment would always be assumed while SCG is deactivated. The drawback is however increased UE power consumption, similar to the case of maintaining the UL Time Alignment and the need to support random access to the PSCell while the SCG is deactivated. A second alternative agreed as a possibility in RAN2#113e is the reporting of PSCell BFR via the MCG e.g. in an RRC message. The benefit of this alternative is that the network can decide to take some action or not e.g. trigger an SCG re-configuration and/or SCG activation. 
As the beam failure report via MCG, we think the SCGFailureInformation message can be used and whether new information needs to be added to the message can be FFS for the time being.
[bookmark: _Toc79093515]BFD is performed for the deactivated SCG and SCGFailureInformation message and reporting procedure can be used when beam failure is detected.
In response, the network can transmit an RRCReconfiguration to release the SCG, or trigger SCG mobility, activate the SCG, provide new BFD configuration, etc. However, there should be no requirement for the network to transmit such a message. Hence, upon BFD the UE simply becomes aware that when it is time to activate the SCG it needs to perform random access.
[bookmark: _Toc68178817][bookmark: _Toc79093516]If the SCG is to be activated but BFD has been declared, random access is needed when the UE activates the PSCell.
In other words, when the SCG is deactivated, the UE performs BFD and keeps TA timer running. If the SCG is to be activated and TA timer is still running and BFD was not declared, the UE activates the PSCell without random access.
[bookmark: _Toc79093517]TA timer is not stopped due to BFD/RLM detection.
2.3	RRM measurement details
In the summary document [1], there were at least five companies proposing that RRC message can reconfigure RRM configuration at SCG activation/deactivation. At RAN2#113bis it was agreed that:
8	The MN RRC reconfiguration message used to deactivate SCG and the embedded SN RRC reconfiguration message can reconfigure any parameter (any restriction requires an explicit decision).
9	While the SCG is deactivated, the MN RRC reconfiguration message and the embedded SN RRC reconfiguration message can reconfigure any parameter (any restriction requires an explicit decision).

The above agreements imply that the SCG RRM measurements can be reconfigured with the MN RRCReconfiguration message performing SCG activation/deactivation. 
[bookmark: _Toc79093505]The RRC message which activates/deactivates the SCG, can also reconfigure SCG RRM measurements.
During  SCG activation/deactivation we think explicit SCG RRM measurement reconfiguration between a "full set" and a "limited set" of RRM measurements works well, assuming the reconfiguration of the SCG measConfig can be provided by the SN and sent in the same RRC message which triggers the SCG (de)activation in the UE.
One potential drawback of relying on explicit reconfiguration of SCG RRM measurements is if the activation/deactivation can be performed without an SCG RRCReconfiguration message (such as an MN RRCReconfiguration message). In those cases, the network may of course provide the reconfiguration of the SCG measConfig separately, after (or even before) the activation/deactivation is performed. This adds extra signalling and may prolong the time the UE switches between a "limited set" and "full set" of RRM measurements. Even if the activation/deactivation is done by normal RRC signalling, it causes extra overhead to reconfigure the measurements every time the SCG is activated / deactivated, especially since the measurements while the SCG is activated are likely to the same every time, and same can be expected also for the measurements while the SCG is deactivated. It would therefore be beneficial if the network could configure measurements for activated or deactivated SCG respectively, so that reconfiguration of measurements is normally not needed when the SCG is activated or deactivated. The measurements for deactivated SCG may be configured as a subset of the measurements for activated SCG, to avoid unnecessary signalling overhead. 
[bookmark: _Toc68195683][bookmark: _Toc79093518]The network can configure separate measurement configurations for activated and deactivated SCG, respectively, where the measurements for deactivated SCG may be a subset of the measurements for activated SCG.
During RAN2#113bis, there was an email discussion about RRM relaxations [2] followed by an online discussion, with the following conclusion:
RRM requirements for deactivated PSCell may be different than for activated PSCell. What they could be are FFS pending RAN4 work.

At RAN4#99-e, it was agreed that RAN4 should further discuss potential RRM impacts due to (de)activation of SCG as documented in the RAN4 way forward document [5] and copied below:
	· RAN4 are to discuss the potential RRM impacts due to efficient activation/de-activation mechanism for one SCG
· L3 RRM measurement on PSCell after SCG deactivation (Issue 3-1-1)
· what RRM measurements are needed for UE maintaining downlink synchronization to allow a quick transition from deactivated to active SCG state
· FFS: reporting requirements for deactivated PSCell
· FFS: measurement accuracy requirements for deactivated SCG
· The requirements of SCG activation/deactivation delay requirements (Issue 3-1-3)
· The requirements for RLM/BFD/BFR/beam management on deactivated PSCell, if RAN2 decides to do so (Issue 3-1-6)
· Any interruption requirements related to activation/deactivation of SCG (Issue 3-1-7)
· FFS: whether existing MCG measurement requirements apply for the MCG when the SCG is deactivated (Issue 3-1-2)
· FFS: Requirement for SCG deactivation delay requirement when one or more Scells in SCG are active or dormant (Issue 3-1-4)
· FFS: Additionally define minimum delay requirements for direct activation of SCG (Issue 3-1-5)
· FFS: Reduced physical layer processing delay for SCG activation use case (Issue 3-1-8



[bookmark: _Toc79093506]RAN4 has agreed to discuss potential RRM impacts due to (de)activation of SCG, including L3 RRM measurements
For deactivated SCell, it is currently possible to configure a relaxed measurement cycle by RRC using measCycleSCell. A corresponding concept can be used to configure relaxed RRM measurements for deactivated SCG.
When the UE continues to perform RRM measurements on the PSCell while the SCG is deactivated, some level of downlink synchronization can be achieved, and if this level of DL sync is "good enough", it may speed up the SCG activation . However, as the RRM requirements when the SCG is deactivated may be relaxed, there will be a trade-off between power saving and the level of DL sync. 
As part of the discussion at RAN2#113bis on RRM relaxations [2], some companies expressed that the concept of “DL fine sync” is not clear for RAN2.
Our understanding is that, when the SCG is deactivated, as definition of a "good enough" level of DL sync on the PSCell, is that the UE needs to maintains fine DL synchronization to the extent that it is able to receive a command to activate the SCG and “immediately” start monitoring the PSCell’s PDCCH/CORESET or, to access the PSCell e.g. by transmitting a random access preamble at the next available PRACH occasion on the PSCell or a PUCCH scheduling request (if the UL is also assumed to be synchronized). This should be possible if PSCell RRM measurements are dense enough to maintain DL fine synchronization. However, exactly how, and under which side conditions, to meet the requirement on maintained downlink synchronization, e.g. whether it would be required to introduce shorter measurement cycles for measurements on the PSCell frequency than currently defined for measurements on deactivated SCell frequency, needs to be studied by RAN4. 
In addition to performing PSCell RRM measurements, the UE also needs to keep track of SSB and MIB of the PSCell, to keep SFN timing such that the UE is ready to transmit the random access preamble or Scheduling Request (SR) at the next available PRACH or SR/PUCCH occasion when the SCG is to be activated. In this context, keeping track of an SSB means the UE knows at least one suitable SSB (whose SS-RSRP is above the suitability threshold) that maps to a PRACH occasion.
[bookmark: _Toc61544827][bookmark: _Ref68071204][bookmark: _Toc68195685][bookmark: _Toc79093519]There should be at least one RRM configuration which enables the UE to maintain DL fine sync on the PSCell while the SCG is deactivated (e.g. including SFN timing and SSB selection).
[bookmark: _Toc79093520]Maintaining DL fine sync on the deactivated SCG means that the UE is ready to transmit in next PRACH or SR occasion having processed the SCG activation command. FFS possible dependency on the measurement configuration.
2.4	Whether there are L1 measurements/reporting
When the SCG is activated, beam alignment is achieved by the UE performing CSI measurements, reporting these to the network and receiving MAC CEs indicating the TCI state(s) to be activated i.e. indicating the beams the UE should assume to monitor PDCCH and/or to transmit on PUCCH/PUSCH.
According to the summary document [1], it seems there is no clear majority proposing to support or not support CSI measurement/reporting for SCG deactivation. The summary proposes it to be left for RAN2 to discuss. 
While the SCG is deactivated, as we state above, BFD is an important factor to achieve readiness for SCG transmission / reception while the SCG is deactivated. Assuming that CSI is disabled while SCG is deactivated, using BFD seems to be a good compromise between readiness for activation and power consumption. We therefore propose:
[bookmark: _Toc79093521]Assuming the UE performs BFD while the SCG is deactivated, it does not perform CSI measurement on PSCell and CSI reporting. 
2.5	Mobility for deactivated SCG
At RAN2#113bis it was agreed that:
9	While the SCG is deactivated, the MN RRC reconfiguration message and the embedded SN RRC reconfiguration message can reconfigure any parameter (any restriction requires an explicit decision).

We think that there is no need to put restriction on any SCG SCell addition/change when SCG is deactivated, except that any added or changed SCells also have to be in deactivated state when the SCG is deactivated (as also previously agreed). We observe:
[bookmark: _Toc79093507]It is up to network to perform SCG SCell addition/release/modification while SCG is deactivated.
RAN2 has agreed the following:
While the SCG is deactivated, PSCell mobility is supported. MN- and SN-configured measurements are supported for deactivated SCG. 
1	SCG RRC reconfiguration can select the SCG activation state (activated/deactivated) can be configured at PSCell addition/change, RRC resume or HO.

Further in RAN2#113bis-e it was agreed that:
7	During handover preparation, the target MN can indicate the SCG state in the RRCReconfiguration message to be sent to the UE by the source MN.

In this section, we discuss some aspects to consider based on the above agreements, such as the implications of when the network sets the SCG target state to "SCG deactivated" at PSCell addition/change or HO.
2.5.1	Need for RACH at PSCell addition/change
In the figures below, the procedures for PSCell addition and PSCell change (both MN-initiated) are illustrated. RAN3 has agreed that the SN Addition inter-node procedure will support the SCG deactivated state and also that the SCG activation state (details FFS) is indicated in the SN Addition Request and the corresponding response messages. 
[bookmark: _Toc79093508]During SN addition procedure, the MN can request the SCG to be deactivated and the SN has a possibility to confirm the setting of SCG activation state.


[bookmark: _Ref61199786]Figure 1: PSCell addition procedure - MN initiated



Figure 2: PSCell change procedure - MN initiated
During PSCell addition and PSCell change, the MN should be able to request the SCG to be activated or deactivated, e.g. based on user data traffic, system load and/or power saving. On the other hand, according to MR-DC principles, the target SN is in charge of its own resources:
· The target SN should have possibility to accept the SN Addition but set the SCG as deactivated, e.g. when resources are limited, even if the MN requested the SCG to be activated.
· The target SN should have the possibility to accept the SN Addition but set the SCG as activated, e.g. when there is traffic on SN-terminated bearers the MN is not aware of, even if the MN requested the SCG to be deactivated.
These aspects should also be studied by RAN3. We propose:
[bookmark: _Toc79093522]In the SN Addition procedure during PSCell addition/change, the target SN should be able to set the SCG activation state in the response message to the MN.
What is also left to discuss is whether the UE performs random access in the target PSCell during PSCell addition/change. RAN2 has already agreed that SCG activation can be performed without random access and will speed up the activation on those cases when random access is not needed upon activation. However, at the point of addition or changing a PSCell, a random access is performed (as per legacy) in the target PSCell. So if the SCG activation target state is SCG activated, the UE performs random access in target PSCell (as per legacy).
[bookmark: _Toc79093523]At PSCell addition/change, if the SCG activation target state is SCG activated, the UE performs random access in target PSCell (as in legacy).
The question is then whether the UE performs random access in the target PSCell during PSCell addition/change or not in case the SCG activation target state is SCG deactivated. There are pros and cons with performing random access in this case. The main advantage with random acccess when SCG activation target state is SCG deactivated is that the UE establishes time alignment which may avoid need for random access upon subsequent activation. But there are disadvantages:
· Restricts network implementation flexibility: A network implementation may use an "opportunistic" SCG addition/change strategy where a deactivated SCG is configured in the UE but not necessarily with PSCell coverage all the time. And according to such a strategy, the network activates the SCG only when the PSCell becomes in coverage and traffic demand requires,. If adding/changing a deactivated SCG when the PSCell is out of coverage, if only temporarily, a random access may trigger an SCG failure.
· Additional complexity: When UE performs random access, the SCG becomes in practice activated. We think this would may tricky to specify the UE behaviour in RRC in that case and it may imply that the SCG activation target state upon PSCell/change would always be SCG activated and network would need to explicitly deactivate the SCG after the PSCell addition/change.
We think there are stronger arguments for not using random access, than the other way around. Therefore we propose:
[bookmark: _Toc79093524]At PSCell addition/change, if the SCG activation target state is SCG deactivated, the UE does not perform random access in target PSCell.
2.5.2	Handover
The figure below illustrates a simplified version of the inter-MN handover procedure (based on 37.340, some parts omitted not relevant for this discussion).


[bookmark: _Ref61198449]Figure 3: Inter-MN handover with/without MN initiated SN change procedure
For handover, at RAN2#113bis we agreed: 
7	During handover preparation, the target MN can indicate the SCG state in the RRCReconfiguration message to be sent to the UE by the source MN.

This RRCReconfiguration message is created by the target MN during handover preparation and included in the HandoverCommand inter-node container sent to the source MN. Moreover, the source MN will send the current UE configuration to the target MN and this configuration includes the current SCG activation state. In the example sequence above, the current SCG activation state is included in the HandoverPreparationInfo inter-node container (i.e. part of the AS-Config) but this needs also to be discussed in RAN3 (an alternative is to include the current SCG activation state outside the container in the XnAP part of the message, or both).
[bookmark: _Toc79093525]During handover preparation, source MN sends the current SCG activation state to the target MN. Whether the current SCG activation state is part of the inter-node container or in the XnAP part of the message needs also be discussed in RAN3.
This SCG activation state in the RRCReconfiguration message is in turn determined during the SN Addition procedure taking place between target MN and (target) SN.  This SN Addition procedure is used even if no PSCell addition/Change is performed during the handover. And RAN3 agreed that the SCG activation state (details FFS) is indicated in the SN Addition Request and the corresponding response messages.
During handover preparation, the target MN should be able to request the SCG to be activated or deactivated, e.g. based on user data traffic, system load and/or power saving. On the other hand, according to MR-DC principles, the (target) SN is in charge of its own resources:
· The (target) SN should have possibility to accept the SN Addition but set the SCG as deactivated, e.g. when resources are limited, even if the target MN requested the SCG to be activated.
· The (target) SN should have the possibility to accept the SN Addition but set the SCG as activated, e.g. when there is traffic on SN-terminated bearers the target MN is not aware of, even if the target MN requested the SCG to be deactivated.
These aspects should also be studied by RAN3. We propose:
[bookmark: _Toc79093526]In the SN Addition procedure during handover preparation, the (target) SN should be able to set the SCG activation state in the response message to the target MN.
What is also left to discuss here is the potential random access procedure in the target PSCell at handover execution.
For the case when the network decides to keep the SCG during handover, there are today a few cases when the UE performs a random access in the SCG. For example, in certain cases at change of AS security key, a reconfigurationWithSync for the SCG is required upon handover and therefore as a result the UE performs a random access also in the SCG. 
[bookmark: _Toc79093509][bookmark: _Hlk66956677]The SCG target state can be set to deactivated in those handover cases where reconfigurationWithSync for the SCG is required per legacy (e.g. at AS security key change).
We proposed in the previous subsection of this contribution that random access is not performed when the SCG activation target state is set to deactivated in case of PSCell addition/change. We think, for similar reasons, that for the combination above, UE does not perform random access either. This means that the UE does not perform random access in the target PSCell during handover when the SCG target state is set to deactivated, including cases such as AS security key change.
[bookmark: _Toc79093527]At handover when SCG target state is set to deactivated, the UE does not perform a random access in the target PSCell. This applies also for the handover cases where reconfigurationWithSync for the SCG is required per legacy (e.g. at AS security key change).
[bookmark: _Hlk71557911]The consequence of this is that the UE would be required to perform a random access in the PSCell at the point of SCG activation.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The RRC message which activates/deactivates the SCG, can also reconfigure SCG RRM measurements.
Observation 2	RAN4 has agreed to discuss potential RRM impacts due to (de)activation of SCG, including L3 RRM measurements
Observation 3	It is up to network to perform SCG SCell addition/release/modification while SCG is deactivated.
Observation 4	During SN addition procedure, the MN can request the SCG to be deactivated and the SN has a possibility to confirm the setting of SCG activation state.
Observation 5	The SCG target state can be set to deactivated in those handover cases where reconfigurationWithSync for the SCG is required per legacy (e.g. at AS security key change).
Based on the discussion in the previous sections we propose the following:
Proposal 1	TA timer of PSCell is kept running after SCG deactivation, if TA timer is running.
Proposal 2	UE does not need to perform any procedure, e.g. RACH, to maintain UL timing alignment with SN if TAT timer expires.
Proposal 3	Upon SCG activation, if TA timer of the PSCell has already expired or stop, UE performs RACH on the PSCell to obtain UL timing information.
Proposal 4	RAN2 confirms that when deactivated SCG PSCell is changed UE does not initiate RACH until there is need to activate SCG.
Proposal 5	RLM is performed for the deactivated SCG and legacy SCGFailureInformation message and reporting procedure can be reused after RLF is detected.
Proposal 6	BFD is performed for the deactivated SCG and SCGFailureInformation message and reporting procedure can be used when beam failure is detected.
Proposal 7	If the SCG is to be activated but BFD has been declared, random access is needed when the UE activates the PSCell.
Proposal 8	TA timer is not stopped due to BFD/RLM detection.
Proposal 9	The network can configure separate measurement configurations for activated and deactivated SCG, respectively, where the measurements for deactivated SCG may be a subset of the measurements for activated SCG.
Proposal 10	There should be at least one RRM configuration which enables the UE to maintain DL fine sync on the PSCell while the SCG is deactivated (e.g. including SFN timing and SSB selection).
Proposal 11	Maintaining DL fine sync on the deactivated SCG means that the UE is ready to transmit in next PRACH or SR occasion having processed the SCG activation command. FFS possible dependency on the measurement configuration.
Proposal 12	Assuming the UE performs BFD while the SCG is deactivated, it does not perform CSI measurement on PSCell and CSI reporting.
Proposal 13	In the SN Addition procedure during PSCell addition/change, the target SN should be able to set the SCG activation state in the response message to the MN.
Proposal 14	At PSCell addition/change, if the SCG activation target state is SCG activated, the UE performs random access in target PSCell (as in legacy).
Proposal 15	At PSCell addition/change, if the SCG activation target state is SCG deactivated, the UE does not perform random access in target PSCell.
Proposal 16	During handover preparation, source MN sends the current SCG activation state to the target MN. Whether the current SCG activation state is part of the inter-node container or in the XnAP part of the message needs also be discussed in RAN3.
Proposal 17	In the SN Addition procedure during handover preparation, the (target) SN should be able to set the SCG activation state in the response message to the target MN.
Proposal 18	At handover when SCG target state is set to deactivated, the UE does not perform a random access in the target PSCell. This applies also for the handover cases where reconfigurationWithSync for the SCG is required per legacy (e.g. at AS security key change).
[bookmark: _In-sequence_SDU_delivery]
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