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1 Introduction
The following objective is approved for Rel-17 MR-DC enhancement WI.

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
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In this paper, we discuss the efficient activation/de-activation mechanism for one NR SCG. There is already some related discussion in Rel-16 on how to have this kind of “SCG suspension” behavior. In RAN2#107bis, we have the following agreement related to suspension of the SCG.

R2 assumes the following (can be slightly modified due to progress on Scell dormancy): 
· The UE supports network-controlled suspension of the SCG in RRC_CONNECTED.
· UE behaviour for a suspended SCG is FFS 
· The UE supports at most one SCG configuration, suspended or not suspended, in Rel16.
· In RRC_CONNECTED upon addition of the SCG, the SCG can be either suspended or not suspended by configuration.

However, in RAN2#108, it is agreed that RAN2 does not progress this objective further in Rel-16. With the new objective in Rel-17 WI, we continue the discussion and provide our analysis for two major alternatives - PSCell deactivation and PSCell dormancy.

Compared to the original proposals in R2-2007867, we have one more proposal (P2) to clarify the detail UE behavior in PSCell deactivation.
2 Discussion
The concept of SCG suspension is discussed in Rel-16 but no conclusion on how to do it. Basically, we think that SCG suspension could be modelled in two different way.
· Option 1: SCell Dormancy like behaviour. The PSCell follows some kind of “dormancy” behaviour
· The UE should stop monitoring PDCCH of PSCell but continue with CSI measurements, RRM measurements and beam management
· The PSCell Dormancy behaviour should be defined by RAN1
· Option 2: SCell Deactivate like behaviour. The PSCell follows some kind of “deactivation” behaviour
· The UE keeps the configuration of SCG but does not transmit or receive data on SCG
· The UE continues the RRM measurements for PSCell
· This could be done by RAN2 without RAN1 impact

The main motivation to have “PSCell dormancy” behaviour is for power saving purpose. However, we understand that 3GPP has introduced several power saving mechanism that could apply to PSCell (e.g. wake-up signal, cross slot scheduling, reduced maximum MIMO layer) in Rel-16. We have some simulation to compare the power saving gain between PSCell dormancy and the existing Rel-16 power saving schemes on PSCell (See Annex). The result show that there is limited gain to have PSCell dormancy over Rel-16 power saving enhancement. Therefore, it is unclear to us why the PSCell dormancy is needed.

Observation 1: With the power saving mechanisms introduced in Rel-16, there is limited power saving gain to have PSCell dormancy. 

In addition, there is clear RAN1 impact on the PSCell dormancy design (e.g. how to send the CSI report on PCell, how to wake up the dormant PSCell, etc.) but the objective does not list RAN1 as impacted WG. We believe that there is high specification complexity and requires several times of inter-WG discussion to complete the design. We wonder whether it is possible to have this PSCell dormancy considering the limited TU for Rel-17 MR-DC WI.  

Observation 2: There is high specification complexity and requires inter-WG discussion between RAN1 and RAN2 to introduce the PSCell dormancy behavior. 

On the other hand, the PSCell deactivation behaviour looks like very simple solution in term of specification complexity. It could of course reduce the power consumption to a very low level as only RRM measurement is performed for the SCG cells. One concern on PSCell deactivation would be the delay to activate a deactivated PSCell. We believe that this could be also reduced by the temp RS mechanism to be discussed in RAN1 for this Rel-17 MR-DC enhancement WI. Besides, the PSCell activation could also be used in case of overheating, which is a real concern for FR2 SCG. It would be better to deactivate all SCG instead of releasing the SCG.

Observation 3: For power saving purpose and for thermal protection, PSCell deactivation is simple and efficient. 

Base on the above analysis, we suggest to introduce the SCell deactivation like behaviour for PSCell. We understand that once the PSCell is deactivated, the SCG SCell should also be deactivated. 

Proposal 1: Introduce PSCell deactivation behavior in Rel-17. While the PSCell is deactivated, the UE shall
· Deactivate all SCG SCell(s)
· Keep the SCG configuration 
· Does not transmit/receive data on the SCG but continue the RRM measurement on SCG cells 
· Suspend the SCG transmission for all radio bearers

To address some open issues from e-mail discussion [Post111-e][919], we would like to further clarify the UE behavior for the proposed “deactivated PSCell” state. First, since there is no data transmission ongoing, the UE should not be required to monitor the PDCCH. The monitoring of PDCCH is the main contribution of power consumption. Regarding to whether the UE should perform RLM/BFD on that PSCell, we think the benefit to have RLM/BFD supported for deactivated PSCell is unclear. Does the UE really have to spend power to maintain the perfect serving beam while the data is not really transmitted? We believe RRM is enough to main the mobility. However, if reduced RLM/BFD is agreed in power saving WI, we could further discuss whether to have it. 

For UL TA value maintenance, it will request to receive the MAC CE TA command and also triggering RACH while TA timer expire. Monitoring MAC CE (i.e. request monitoring PDCCH) or triggering RACH is not preferred at the PSCell deactivation state, which is designed for power saving and low data activity. Similarly, sending CSI-RS reporting on the deactivated PSCell request to maintain TA value and spend power on UL data transmission. This will prevent UE from going to deep sleep mode and increase power consumption. Another alternative is to send CSI reporting in MCG and use MCG MAC CE to maintain the TA value of SCG. Considering the inter-node delay and specification complexity, we don’t think this is a good idea.

Proposal 2: When a PSCell is deactivated
· The UE does not monitor the PDCCH on that PSCell
· The UE does not perform RLM/BFD on that PSCell
· The UE does not maintain the TA value for the SCG 
· The UE does not report CSI on the PSCell or for the PSCell

While the NW configure the PSCell back to “activated state”, we think the UE behavior is similar to the SCG addition procedure. The UE should trigger RACH to the configured PSCell (for synchronization) and resume the SCG transmission.

Proposal 3: While the PSCell is activated from deactivated state, the UE shall 
· Trigger RACH to the PSCell
· Resume the SCG transmission for all radio bearers 

Another aspect is that whether the activation and deactivation of PSCell is controlled by RRC Signaling or MAC CE. From our point of view, we should have the flexibility that the SCG could be in deactivation state upon SCG addition or upon RRC Resume. Currently, the PSCell is always activate in RRC Connected mode. Thus we think that at least RRC control of PSCell deactivation is required. One may want to use MAC CE to control the activate/deactivate process to speed up the procedure. We think that there are some limitation of MAC CE (e.g. could not adjust radio bearer at the same time) but it indeed reduce the processing time. Therefore, we suggest to have RRC signaling to control SCG suspension as baseline and whether to have additional MAC CE control could be further discussed.

Observation 4: There is a need to have PSCell in deactivated state upon SCG addition and RRC Resume. Thus RRC control of PSCell deactivation is required.

Proposal 4: Introduce new RRC signaling to control the activation and deactivation of PSCell. FFS to use MAC CE to control PSCell activation/deactivation.

During the discussion in the SCG suspension for Rel-16, there is another proposal to have long DRX cycle as suspended SCG. We understand that longer DRX cycle could of course reduce the UE power consumption. However, we do not really see the necessary to bind long DRX cycle with SCG suspension. The network has the full flexibility to control the SCG DRX cycle based on current RRC Signaling. It is up to network to design the SCG DRX configuration. If companies think it is necessary to extend the ASN.1 define to have longer DRX cycle, we are also fine with it but it seems not related to SCG suspension. Therefore, we suggest to keep longer DRX as a separate discussion from SCG suspension.

3 Conclusions	
Base on the discussion in section 2, we propose the following observations and proposals: 

Observation 1: With the power saving mechanisms introduced in Rel-16, there is limited power saving gain to have PSCell dormancy. 

Observation 2: There is high specification complexity and requires inter-WG discussion between RAN1 and RAN2 to introduce the PSCell dormancy behavior. 

Observation 3: For power saving purpose and for thermal protection, PSCell deactivation is simple and efficient. 

Observation 4: There is a need to have PSCell in deactivated state upon SCG addition and RRC Resume. Thus RRC control of PSCell deactivation is required.

Proposal 1: Introduce PSCell deactivation behavior in Rel-17. While the PSCell is deactivated, the UE shall
· Deactivate all SCG SCell(s)
· Keep the SCG configuration 
· Does not transmit/receive data on the SCG but continue the RRM measurement on SCG cells 
· Suspend the SCG transmission for all radio bearers

Proposal 2: When a PSCell is deactivated
· The UE does not monitor the PDCCH on that PSCell
· The UE does not perform RLM/BFD on that PSCell
· The UE does not maintain the TA value for the SCG 
· The UE does not report CSI on the PSCell or for the PSCell

Proposal 3: While the PSCell is activated from deactivated state, the UE shall 
· Trigger RACH to the PSCell
· Resume the SCG transmission for all radio bearers 

Proposal 4: Introduce new RRC signaling to control the activation and deactivation of PSCell. FFS to use MAC CE to control PSCell activation/deactivation.

Annex: Simulation result
In this simulation, we compare the following 3 different power saving
· Baseline – C-DRX only
· 1 data-efficiency BWP for both PSCell and SCell
· R16 PS -  (R16 power saving feature)
· PSCell - One data-efficiency BWP and one power-saving BWP. 5ms BWP timer (no data) will trigger switching to power-saving BWP
· SCell – enable R16 SCell dormancy
· PSCell Dormancy
· PSCell – One data-efficiency BWP and one dormant BWP. 20ms inactive timer (no data) will trigger switching to dormant BWP. 
· SCell – enable R16 SCell dormancy

The traffic and power model follows 38.840 basically. We simulate Voip or IM traffic on the MCG and ftp traffic on the SCG. The MCG is in FR1 and configured with 20MHz BW (1 CC).  The SCG could be in FR1 or FR2. We assume that there is 10ms Inter-node delay to trigger dormant PSCell switching to non-dormant PSCell. Other detail parameter are listed as following Table 1.

Table 1: Simulation parameters
	
	Data-efficiency BWP
	Power-saving BWP

	FR1
	Bandwidth
	100MHz
	20MHz

	
	# RX
	4RX
	2RX

	
	K0 (unit: slot)
	0 (same-slot)
	1 (cross-slot)

	
	PDCCH monitoring period
	Per-slot
	Per-4-slot

	FR2
	Bandwidth
	100MHz
	100MHz

	
	# RX
	2RX
	1RX

	
	K0 (unit: slot)
	0 (same-slot)
	4 (cross-slot)

	
	PDCCH monitoring period
	Per-slot
	Per-4-slot



The result is summarized in Table 2 (for FR1 SCG) and Table 3 (for FR2 SCG) in next page. We could see that there is very limited power saving gain provided by PSCell dormancy while in FR1 and basically no additional power saving gain in case of FR2 SCG.



Table 2 Simulation result for SCG in FR1 
	
	Method
	Baseline
	R16 PS
	PSCell Dormancy

	MCG with Voip Traffic
	Latency (ms)
	53.57
	61.71
	62.95

	
	Power Consumption
	111.43
	66.33
	66.09

	
	Power Saving Gain
	-
	40.48%
	40.69%

	

	MCG with IM Traffic
	Latency (ms)
	53.57
	61.71
	62.95

	
	Power Consumption
	76.94
	36.59
	36.36

	
	Power Saving Gain
	-
	52.44%
	52.74%

	



Table 3 Simulation result for SCG in FR2 
	
	Method
	Baseline
	R16 PS
	PSCell Dormancy

	MCG with Voip Traffic
	Latency (ms)
	57.06
	67.43
	67.77

	
	Power Consumption
	167.98
	85.21
	91.49

	
	Power Saving Gain
	-
	49.27%
	45.54%

	

	MCG with IM Traffic
	Latency (ms)
	57.06
	67.43
	67.77

	
	Power Consumption
	133.48
	55.47
	61.75

	
	Power Saving Gain
	
	58.44%
	53.74%

	



