[bookmark: _Hlk40295327][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting#100                	R4-2114021
E-meeting, August 16th – 27th, 2021

Source:	Nokia, Nokia Shanghai Bell 
Title:	Discussion on Efficient activation/de-activation mechanism for one SCG
Agenda item:	9.22.2.3
Document for:	Discussion
Introduction
In last meeting RAN4#99, RAN4 had the initial discussion related to the WI LTE_NR_DC_enh2-Core in [1]. The WI includes 2 objectives: 
1. Support efficient activation/de-activation mechanism for one SCG and SCells  
· Support for one SCG  applies to (NG)EN-DC, and NR-DC [RAN2, RAN3, RAN4] 
· Support for SCells applies to NR CA, based on RAN1 leading mechanisms [RAN1, RAN2, RAN4] 
· This objective applies to FR1 and FR2 
 
2. Support of conditional PSCell change/addition [RAN2,RAN3, RAN4] 
· support scenarios which are not addressed in Rel-16 NR mobility WI 
 
And the additional RAN4 part of the WI includes: 
Specify RRM performance requirement for efficient (de)activation on SCG and SCells. 
Specify RRM performance requirement for conditional PSCell change/addition. 
 
Based on the discussion in last meeting a WF was agreed in [2]. In this contribution we discuss UE requirements related to objective 1 and the aspect of support efficient activation/de-activation mechanism for one SCG. 

Discussion
Initially we recap our view on the activation and deactivation of an SCG and where we would see the purpose and gain. Following that, we list our input to the discussion related to the actual UE requirements. 
Activation and de-activation of one SCG
In LTE and NR Rel-15 and Rel-16, once the PSCell is configured it is always activated. Hence, it is activated upon configuration and there is no concept of having a deactivated PSCell. There is the concept of conditional PSCell change (CPC), however, this is based on conditionally changing from one source PSCell to new target PSCell once the condition is fulfilled.
RAN2 has now introduced that the PSCell (and SCG) can be deactivated. Hence, RAN4 need to define UE requirement for activation and deactivation of a PSCell and in general an SCG.

Activated SCG
An activated PSCell and SCG would operate as we know from legacy. Hence, there would be no need to introduce any new requirements related to the activated SCG and existing RAN4 requirements apply for the SCG PSCell and SCell(s).
Existing UE requirements for the PSCell and SCell(s) applies for the activated PSCell and activated and deactivated SCell(s) of an activated SCG.
What needs to be defined in RAN4 are the UE requirements for the PSCell and SCells of a deactivated SCG.
Deactivated SCG
In an MR-DC type of deployment, one valid question is: 
What will happen to the SCG when the active data transmission (offloading) ends and the need for a SCG is reduced?
The obvious answer to this question would be to release the SCG and revert back to single connection operation. The UE will keep the at least the primary leg (PCell) active as this would be needed for mobility anchoring (for example) or allowing lower-intensity traffic activity (e.g. keep alive messages). This would allow UE to stay connected to the network without the need for having both MCG and SCG active. Such an approach would be beneficial e.g. from UE power consumption point of view but may have negative impact on the TP latency.
But this behavior may not always be desirable. E.g. in case the data traffic is bursty or the data activity is quite unpredictable. To support such scenarios and achieve fast offloading and support of high peak data rate, the 2nd leg needs to be available with very short delay and hence, the SCG would in this case not be released. This approach will be beneficial from fast TP point of view but may have negative effect on the UE power consumption.
To balance these two options RAN2 has introduced that the SCG can be deactivated. The purpose of the deactivated SCG is that, when the data traffic is low, then there are benefit in allowing UE power saving opportunities, where the UE would benefit of no PDCCH monitoring and any other activity not needed on the SCG (when configured and active). On the other hand, it should be faster to activate the deactivated SCG than configuring the SCG from as in legacy.
So, we see that there is a trade-off that needs to be balanced for optimal UE and system performance: 
1) Fast offloading in case of data transmission and 
2) UE power saving in case of no data transmission or low activity.
To achieve a fast offloading and high peak data rate, the 2nd leg needs to be set-up and deactivated and activated fast.
There is a trade-off between 1) fast offloading in case of data activation and 2) UE power saving in case of low activity, to achieve best feature performance. 
We believe both goals are important for making the feature a success (and useful). If the activation delay of a deactivated SCG is on par with the existing delay of configuration a PSCell (e.g. as in section 8.9 in 38.133) then there seems to be very limited benefit from network side to support the feature. In such scenario the feature would only increase the network complexity without any overall gain.
In order for SCG deactivation feature to provide additional system benefits over existing features, the SCG activation procedure would need to be faster than corresponding existing procedure of configuring/deconfiguring SCG, including UE requirements.

RAN2 status
RAN2 has been working on this WI for a while and RAN2 has reached a number of agreements e.g. following agreements (focusing on the possible agreements which as see may have interest for RAN4 or have RAN4 impact):
1. 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.
2. While the SCG is deactivated, PSCell mobility is supported. MN- and SN-configured measurements are supported for deactivated SCG.
a. SCG RRC reconfiguration can select the SCG activation state (activated/deactivated) at PSCell addition/change, RRC resume or HO.
3. SCG RRC reconfiguration can select the SCG activation state (activated/deactivated) at PSCell addition/change, RRC resume or HO
4. 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
5. 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
a. processes the SCG RRCReconfiguration message according to Rel-15/16 procedures (FFS if any restriction/difference)
b. sends an SCG RRCReconfigurationComplete message in the MCG RRC(Connection)ReconfigurationComplete message according to Rel-15/16 procedures
6. The SCG RRCReconfiguration can change the PSCell.  FFS if the UE does RACH towards the target PSCell, in that case.
7. While the SCG is deactivated:
a. there can be SCG SCells in deactivated state
b. there cannot be SCG SCells in activated state
8. 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.
9. Confirm that there is no PUSCH transmission on deactivated SCG. FFS if any other UL is allowed towards SCG.
10. Confirm that there is no PDCCH monitoring on PSCell of the deactivated SCG.
11. Confirm that there is no support of SCell dormancy for SCG SCells within a deactivated SCG.
12. 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.
13. RRM requirements for deactivated PSCell may be different than for activated PSCell. What they could be are FFS pending RAN4 work.

UE requirements for deactivated SCG
Based on the discussion in sections 2.3 and 2.4 we next give our initial input related to how the UE requirements on a deactivated SCG could be shaped based on the current agreements.
Initially we observe that RAN2 states that the RRM measurements and reporting procedures configured by MN do not depend on the whether the SCG is activated or deactivated. 

Scenarios
From the WI we observe that it includes the following two cases:
1) EN-DC
2) NR-DC
For the EN-DC, the PCell is always in LTE and in FR1. The PSCell is an NR cell which can be either in FR1 or FR2 as both combos have been defined in RF.
When considering deactivated SCG in EN-DC, the NR PSCell can be in either FR1 or FR2.
RAN4 would need to define requirements for EN-DC with deactivated SCG when the SCG is in NR FR1 and FR2.
RAN4 to define requirements for EN-DC with deactivated SCG when the SCG is in NR FR1 and FR2.
When considering NR-DC, the PCell may be in either FR1 or FR2. Additionally, the SCG may be in either FR1 or FR2. For NR a common understanding is that the PCell usually will be in FR1. Hence, for this case the SCG will be in either FR1 or FR2.
When considering deactivated SCG in NR-DC, the PSCell can be in either FR1 or FR2.
RAN4 would need to define requirements for NR-DC with deactivated SCG when the SCG is in FR1 and FR2.
RAN4 to define requirements for NR-DC with deactivated SCG when the SCG is in FR1 and FR2.
RAN4 should define requirements based on the scenarios included in the WI. RAN4 should develop generic UE requirements for a deactivated SCG while accounting the potential differences due to SCG being in FR1 or FR2.

Measurement Requirements to be defined
Considering RAN4 UE RRM requirements, it is noticed that UE does not monitor PDCCH of the deactivated SCG while RRM measurements for PSCell mobility are to be supported. Thus, this means that RAN4 would need to define corresponding RRM measurement and accuracy requirements to enable PSCell mobility. 
Based on above list of agreement in RAN2 we next discuss which UE requirement we see RAN4 would need to define.
Measurement Procedure:
As the MN configured RRM measurement and reporting procedures are not impacted by the SCG being activated or deactivated RAN4 should evaluate whether the current MN measurement requirements can apply directly or not when the SCG is deactivated.
RAN4 should evaluate whether the current MN measurement requirements can apply directly or not when the SCG is deactivated.
While the SCG is deactivated, PSCell mobility still needs to be supported. This means that the UE would need to perform L3 RRM measurements on a deactivated PSCell. Hence, RAN4 would need to develop UE measurement requirements for a deactivated PSCell.
RAN4 need to define measurement requirements for a deactivated PSCell
The measurement requirements discussion would at least need to include cell identification detection delay and measurement period.
Measurements on the deactivated SCG can be configured by both MN and SN. The UE will continue to measure and report the deactivated SCG. This means, that RAN4 would need to evaluate if any update to the current measurement reporting requirements are needed to apply for deactivated SCG.
RAN4 should discuss if existing measurements reporting requirements apply also for deactivated SCG.
RAN4 would need to discuss both the measurement accuracy requirements applicable for a deactivated SCG and the reporting delay requirements.
RAN4 to discuss measurement accuracy requirements and reporting delay requirements for deactivated SCG.
RAN2 is still discussing the need for beam monitoring/measurements on a deactivated SCG. As this is still open in RAN2 we suggest postponing the RAN4 discussion until RAN2 has settled the discussion.
Postpone beam related measurements on a deactivated SCG until RAN2 decision has been reached.

Signaling Requirements to be defined
Signaling Characteristics:
The SCG can be activated and deactivated and RAN4 need to develop activation and deactivation delay requirements for SCG. Currently, the SCG can be activated and deactivated using RRCReconfiguration. Additionally, the activation state can be indicated directly upon SCG configuration. 
Whether other activation signaling means will be supported is still under discussion in RAN2.
Based on this, RAN4 can initiate the work related to defining the SCG activation and deactivation requirements based on RRC signaling and the RRCReconfiguration message. 
RAN4 to develop SCG activation and deactivation delay requirements based on RRC signaling.
The RAN2 agreements also allow for the SCG to directly configured in activated state. This means that RAN4 should define activation delay requirements covering direct activation delay requirements.
RAN4 to develop direct SCG activation delay requirements.
According to RAN2 agreement there cannot be activated or dormant SCells in a deactivated SCG. However, there is the possibility that when the SCG is deactivated, one or more SCell are active or dormant. Hence, RAN4 will need to discuss how this may impact the requirement for SCG deactivation delay requirement. 
RAN4 to discuss the SCG deactivation delay requirement if SCG contain activated or dormant SCells.
RAN4 should also discuss if any interruptions are expected due UE operations on a deactivated SCG. Any such identified and agreed interruptions would need to be covered in the UE requirements related to an SCG in deactivated state.
RAN4 should also discuss if any interruptions are expected due UE operations on a deactivated SCG.
Currently, RAN2 has only agreed to use RRC signalling to activate/deactivate the SCG while they are discussing also possibility to use other layer signalling (e.g. MAC). Once RAN2 has reached an agreement related to use of MAC signalling for SCG activation/deactivation, RAN4 can act accordingly.

UE Measurement Requirements for deactivated SCG
Next, we give our initial input and views on how we would see the UE requirements for deactivated SCG according to which requirements discussed in former sections. We firstly present our input to the requirements regarding the measurement requirements for a deactivated PSCell followed by the activation delay requirements for a deactivated PSCell.
Measurement Requirements:
We only need to consider requirements for deactivated PSCell of the deactivated SCG as requirements are already defined for deactivated SCells and activated PSCell (which is default in legacy). Hence, considering the UE measurement requirements for the deactivated PSCell we at least see following options possible:
Options:
1) define requirements for deactivated PSCell being the same requirements as defined for an activated PSCell.
2) define requirements for deactivated PSCell being the same requirements as defined for deactivated SCell
Simplest would be to either define the requirements for the deactivated PSCell to be the same as defined for an activated PSCell or a deactivated SCell. 
Considering that the mobility has to be supported for the deactivated PSCell,,applying same measurement requirements for a deactivated PSCell as defined for an activated PSCell seem more appropriate to ensure the link. This would ensure that the measurement delays in terms of cell detection and measurement period and would not be prolonged which could lead to problems. 
Additionally, as we see the fast activation of the deactivated PSCell/SCG being a key important aspect of the feature we see it important that UE has up to date timing, measurements (and reporting) for a deactivated PSCell.
Define measurement requirements for deactivated PSCell being the same for an activated PSCell (legacy).
Define the measurement accuracy requirements for deactivated PSCell being the same as for an activated PSCell (legacy).

Activation delay requirement:
Considering the delay requirements for activation of a deactivated PSCell RAN4 would need to discuss two cases as also pointed out in the earlier discussion:
1) PSCell activation by RRCReconfiguration (not directly activated when configured)
2) PSCell activation by RRCReconfiguration (directly activated when configured)
For 1) RAN4 can consider either to reusing the current SCell activation or current PSCell addition. As the RAN2 agreement seems to indicate, the activation of the deactivated PSCell is currently only possible by use of RRCReconfiguration (RRC) message, and therefore the activation delay should include a RRC processing delay on UE side.
However, as the PSCell is configured and regarded as a serving cell, it may be more aligned with RAN4 approach and other requirements to use the current SCell activation delay as baseline for defining the PSCell activation delay requirements. But as is evident from the current SCell requirements, there is clearly a need to define separate PSCell activation delay requirements as the only current means that can be used for activation of PSCell is RRC. Hence, the SCell requirements cannot be applied directly but RAN4 can discuss the delay parameters, parameter by parameter.
For 2) where the PSCell is directly activated upon configuration we suggest considering using the direct SCell activation delay requirements as a starting point for the direct PSCell activation delay requirements. Here we do not see that the current PSCell addition delay requirements being suitable as these requirements include delay parameters which would not be applicable to Direct PSCell activation.
However, as the current PSCell addition delay requirements include the TPSCell_ DU which depend on the pending PRACH agreement in RAN2, we believe that some changes may be necessary. Hence, the current legacy PSCell addition requirements can only be seen as the starting point for defining PSCell activation delay requirements.
Use the current PUCCH SCell (not finalized yet) or SCell addition as baseline for discussing which delay parameters would be needed when defining the PSCell activation delay requirements.
Use current PSCell addition delay requirements as a starting point for the direct PSCell activation delay requirements.
Again, we would like to emphasize, that our view is that, for SCG deactivation feature to actually provide any reasonable gains the feature needs to provide a significantly shorter delay than what the current PSCell and SCG addition delay provides. 

Conclusion
In this contribution we discuss UE requirements related to objective 1 and the aspect of support efficient activation/de-activation mechanism for one SCG. We look at the needed UE requirements to be defined and also provide our initial views on the actual UE requirements.
1. RAN4 to define requirements for EN-DC with deactivated SCG when the SCG is in NR FR1 and FR2.
1. RAN4 to define requirements for NR-DC with deactivated SCG when the SCG is in FR1 and FR2.
Measurement Requirements to be defined:
1. RAN4 should evaluate whether the current MN measurement requirements can apply directly or not when the SCG is deactivated.
1. RAN4 need to define measurement requirements for a deactivated PSCell
1. RAN4 should discuss if existing measurements reporting requirements apply also for deactivated SCG.
1. RAN4 to discuss measurement accuracy requirements and reporting delay requirements for deactivated SCG.
1. Postpone beam related measurements on a deactivated SCG until RAN2 decision has been reached.
Signaling Requirements to be defined:
RAN4 to develop SCG activation and deactivation delay requirements based on RRC signaling.
RAN4 to develop direct SCG activation delay requirements.
RAN4 to discuss the SCG deactivation delay requirement if SCG contain activated or dormant SCells.
RAN4 should also discuss if any interruptions are expected due UE operations on a deactivated SCG.
UE Measurement Requirements for deactivated SCG – measurement requirement:
Define measurement requirements for deactivated PSCell being the same for an activated PSCell (legacy).
Define the measurement accuracy requirements for deactivated PSCell being the same as for an activated PSCell (legacy).
UE Measurement Requirements for deactivated SCG – activation delay requirement:
Use the current PUCCH SCell (not finalized yet) or SCell addition as baseline for discussing which delay parameters would be needed when defining the PSCell activation delay requirements.
Use current PSCell addition delay requirements as a starting point for the direct PSCell activation delay requirements.
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