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Introduction
[bookmark: _Hlk70425530]RAN plenary has agreed a WI LTE_NR_DC_enh2-Core in [1]. The work has progressed in RAN1 and RAN2, and RAN4 has discussed incoming LSs related to the topic sent from RAN1 [2]. 
In the last couple of meetings RAN4 has been discussing the incoming LS from RAN1 and based on the discussion agreements have been reached and replied to RAN1.
In this paper we give the initial overview of the two objectives in the WI and the current status in the other WGs together with potential RAN4 impact.

Discussion
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.

As this is the first meeting RAN4 is having with dedicated TUs, the discussions will, as per chair instructions, be limited to the current status of the WI in other WG2 (RAN1 and RAN2), potential RAN4 UE requirements impact and some input on the work plan.
Activation and de-activation of one SCG and SCells
 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 would be less?
The obvious answer would be to revert back to single connection operation, where 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.
But this behavior may not always be desirable. E.g. in case the data traffic is bursty or the data activity is quite unpredictable. In order to support such scenarios and achieve fast offloading and support of high peak data rate, the 2nd leg needs to be fast to set-up, configure and activate. UE will also have to do measurements to 
On the other hand, when the data traffic is low, then there are clear benefit in allowing UE power saving opportunities, where the UE would benefit of lower measurement effort, PDCCH monitoring and any other activity needed on the SCG (when configured and active).
So, there is a trade-off that needs to be balanced for optimal UE and system performance: 
1) fast offloading in case of data activation and 
2) UE power saving in case of low activity.
To achieve a fast offloading and high peak data rate, the 2nd leg needs to be set-up, configured 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 performance. 
Thus, RAN2 has been considering an approach where the SCG is deactivated for this WI for which RAN2 has reached e.g. following agreements (focusing on possible parts which 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.
1 SCG RRC reconfiguration can select the SCG activation state (activated/deactivated) at PSCell addition/change, RRC resume or HO.
3) 5: 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
4) 6a: 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
5) 6b: The SCG RRCReconfiguration can change the PSCell.  FFS if the UE does RACH towards the target PSCell, in that case.
6) 7a: While the SCG is deactivated:
· there can be SCG SCells in deactivated state
· there cannot be SCG SCells in activated state
7) 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.
8) Confirm that there is no PUSCH transmission on deactivated SCG. FFS if any other UL is allowed towards SCG.
9) Confirm that there is no PDCCH monitoring on PSCell of the deactivated SCG.
10) Confirm that there is no support of SCell dormancy for SCG SCells within a deactivated SCG.
11) 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.
12) RRM requirements for deactivated PSCell may be different than for activated PSCell. What they could be are FFS pending RAN4 work.

Considering RAN4 RRM measurements, notable is that UE does not monitor PDCCH of the deactivated SCG while RRM measurements are to be continued. Thus, this would require work in RAN4 to define corresponding measurement and performance requirements. 
Based on above list of agreement we see a need for the RAN4 to discuss at least following:
As the MCG measurement requirements are not impacted by the SCG being activated or deactivated the current MCG measurement requirements can apply also when SCG is deactivated.
Existing MCG measurement requirements apply for the MCG when the SCG is deactivated.
While the SCG is deactivated, PSCell mobility is supported. Hence, RAN4 would need to develop minimum measurement requirements for a deactivated PSCell.
RAN4 need to define minimum measurement requirements for a deactivated PSCell
The UE will continue to measure and report the deactivated SCG. Hence, RAN4 would need to define reporting requirements and measurement accuracy requirements for a deactivated SCG
RAN4 should develop reporting requirements for deactivated SCG.
RAN4 to develop measurement accuracy requirements for deactivated SCG.
As the SCG can be activated and deactivated RAN4 need to develop activation and deactivation delay requirements for SCG.
RAN4 need to develop activation and deactivation delay requirements for SCG.
As there cannot be activated or dormant SCells in a deactivated SCG, there is the possibility that the SCG is deactivated when one or more SCell are active or dormant. Hence, RAN4 will need to define requirement for SCG deactivation delay requirement when one or more SCells in SCG are active or dormant.
RAN4 need to define requirement for SCG deactivation delay requirement when one or more SCells in SCG are active or dormant
It has been defined that the SCG reconfiguration can change the SCG state to activated (and deactivated) when PSCell is changed/added, resumes or at HO. This means that the SCG can ‘directly’ activated at configuration.
RAN4 should additionally define minimum delay requirements for direct activation of SCG
RAN4 would likely also need to discuss and develop any needed interruption requirements related to activation and deactivation of the SCG.
RAN4 to discuss any interruption requirements related to activation/deactivation of SCG.

Proposal: capture above observations as part of the Work plan.
So far RAN2 has agreed to use at least RRC signalling to activate/deactivate SCG but they are still discussing also possibility to use other layer signalling (e.g. MAC). 
So, in order for SCG deactivation to actually provide any reasonable gains the feature needs to be significantly faster than deconfiguring/configuring of SCG. This also includes the UE minimum delay requirements related to activation (and deactivation) of an SCG.
In order for SCG deactivation to provide additional system benefits over existing features, the SCG activation procedure would need to be faster than corresponding existing procedure of deconfiguring/configuring SCG, including UE requirements.

3.1	 RRC delay
RRC processing delay is mostly RAN2 related aspect and does not require work in RAN4.
3.2	Processing delay
40ms processing delay in the physical layer includes SW processing time and RF warm up period. As the SCG activation case is considering already existing SCG there is not really need for SW processing time Already providing 20ms saving in the delay. 
Regarding RF warm up delay in the SCG addition could be reduced by significant amount as RF filters etc. do not change in the case of activation and those could be already loaded in the UE. Thus, also that delay could be most likely approach almost 0ms delay. However, it needs to be discussed and agreed by RAN4 how much these delays could be reduced.
RAN4 to discuss defining reduced physical layer processing delay for SCG activation use case.
3.3	Downlink Synchronization
Downlink synchronization delay depends on the SSB periodicity. UE will be able to keep a level of downlink synchronization as the UE continues to perform RRM measurements. As the UE needs to basically receive SSB to measure SCG then UE could as well acquire MIB and keep SFN timing for the SCG. 
RAN4 to discuss UE downlink synchronization including SFN for deactivated SCG. 
Proposal: capture above observations as part of the Work plan.

Temporary RS for fast PSCell and/or SCell activation
This topic has been discussed for some meeting already in RAN4. And some agreements have been reached. Based on the current progress it seems clear that RAN4 need to define new UE requirements for fast PSCell and/or SCell activation when provided with temporary RS.
RAN4 need to define new UE requirements for fast PSCell and/or SCell activation when provided with temporary RS.
Proposal: capture above observations as part of the Work plan.

Conditional PSCell change/addition
Since the RAN2 work on conditional PSCell change (for intra-SN cases) already was partially done already in Rel-16, RAN2 has had several basic agreements on both CPA and (inter-SN) CPC. The below list shows the ones we see most prominently impacting the RAN4 work:
Selected RAN2#112e agreements:
· Maintain Rel-15 principle that only one PScell is active at a time even with conditional PScell addition/change.
· Usage of CPAC is decided by the network. The UE evaluates when the condition is valid.
· The baseline operation for CPAC procedure assumes the RRC Reconfiguration message contains SCG addition/change triggering condition(s) and the RRC configuration(s) for candidate target PSCells. The UE accesses the prepared PSCell when the relevant condition is met.
· Support configuration of one or more candidate cells for CPAC.
· UE is not required to continue evaluating the triggering condition of other candidate PSCell(s) during CPC/CPA execution.
· The execution condition for CPAC is defined by a measurement identity which identifies a measurement configuration.
· For conditional PSCell change, A3/A5 execution condition should be supported while for conditional PSCell addition, A4/B1 like execution condition should be supported.   
· Allow having multiple triggering conditions (using “and”) for CPAC execution of a single candidate cell. Only single RS type per CPAC candidate is supported. At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously.  
· Cell level quality is used as baseline for CPAC execution condition;
· Only single RS type (SSB or CSI-RS) per candidate PSCell is supported for PSCell change. 
· TTT is supported for CPAC execution condition (as per legacy configuration)
· UE checks the validity of CPAC execution criteria configuration immediately on receiving the CPAC Reconfiguration message.
· Compliance check for embedded RRCReconfiguration may be delayed until execution (up to UE implementation). FFS if this introduces specification changes regarding compliance checking of embedded Reconfiguration message containing configuration of conditional PSCell candidate.

Selected RAN2#113bis-e agreements
· Blind Inter-SN CPC is not precluded (but RAN2 will not optimize it)

The main things to observe from the above is that the CPAC procedures are very similar to CHO, and hence, the RAN4 work related to CPAC may be similar to the requirements work CHO. 
Based on this we expect RAN4 need to define following for CPAC:
· Handover delay
· Measurement time
· Preparation time
· Interruption time
We expect that RAN4 need to develop the requirements for: FR1-FR1, FR1-FR2, FR2-FR1 and FR2-FR2.
RAN4 would need to define CPAC requirements including HO delay, Measurement time, Preparation time and Interruption time.
RAN4 need to develop the requirements for: FR1-FR1, FR1-FR2, FR2-FR1 and FR2-FR2.
[bookmark: _Hlk71661784]Proposal: capture above observations as part of the Work plan.
Conclusion
In this paper we analysed the WI and looked at what has been agreed in RAN1 and RAN2 with relevance for the potential RAN4 requirements work. Based on this we observe:
1. To achieve a fast offloading and high peak data rate, the 2nd leg needs to be set-up, configured 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 performance. 
Existing MCG measurement requirements apply for the MCG when the SCG is deactivated.
RAN4 need to define minimum measurement requirements for a deactivated PSCell
RAN4 should develop reporting requirements for deactivated SCG.
RAN4 to develop measurement accuracy requirements for deactivated SCG.
RAN4 need to develop activation and deactivation delay requirements for SCG.
RAN4 need to define requirement for SCG deactivation delay requirement when one or more SCells in SCG are active or dormant
RAN4 should additionally define minimum delay requirements for direct activation of SCG
RAN4 to discuss any interruption requirements related to activation/deactivation of SCG.
In order for SCG deactivation to provide additional system benefits over existing features, the SCG activation procedure would need to be faster than corresponding existing procedure of deconfiguring/configuring SCG, including UE requirements.
RAN4 to discuss defining reduced physical layer processing delay for SCG activation use case.
RAN4 to discuss UE downlink synchronization including SFN for deactivated SCG. 
RAN4 need to define new UE requirements for fast PSCell and/or SCell activation when provided with temporary RS.
RAN4 would need to define CPAC requirements including HO delay, Measurement time, Preparation time and Interruption time.
RAN4 need to develop the requirements for: FR1-FR1, FR1-FR2, FR2-FR1 and FR2-FR2.

1. Proposal: capture above observations as part of the Work plan.

References
[1] [bookmark: _Ref431017336]RP-201040
[2] R1-2009798
[3] R4-2104067 Reply LS on temporary RS for efficient SCell activation in NR CA, Huawei, HiSilicon. 
[4] R4-2104083 WF on temporary RS for efficient SCell activation in NR CA, Huawei, HiSilicon
[5] R4-2104096, WF on R17 NR MG enhancements - Multiple concurrent and independent MG patterns, Mediatek Inc.


