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1 Introduction

RAN2 has discussed and agreed to the below on the suspension of 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.

In this document, we try to limit the possibilities of SCG suspended operation in REL-16 from a practical standpoint and explain the reasoning for our proposals.  

2 Discussion

2.1 Baseline for suspension of SCG
Based on [1], the main motivation of SCG suspension is on power-saving and potential reduction in signalling latency for the following:
Due to the bursty characteristics of traffic, the SCG may be required only during the periods when the data rate is high and may not be needed during the periods of low data rate.  The UE may therefore save power during the low data rate periods if the SCG is suspended.  Furthermore, compared to release and reconfiguration of the SCG, activating a suspended SCG reduces the latency and signalling overhead.
Observation 1: If the NW intends to use the SCG during the periods where it has data to schedule the UE on the SCG, the following should be minimized:

· The configuration or setup latency of SCG/PSCell

· The activation latency once the configuration is setup

Observation 2: SCG suspension itself implies that both the NW (MN/SN) and UE are already preconfigured with the SCG configuration, and with a trigger (either by RRC signalling or MAC-CE/DCI), the preconfigured setup can be activated. 

We also have to handle the case where there is mobility involved while the SCG is suspended. The MN should have a chance to change/reconfigure the SN based on the UE mobility. This requires that the UE provides measurements of SN (at least PSCell) while the SCG is suspended. 

Observation 3: UE should provide SCG measurements (at least for PSCell) to handle the mobility cases where the UE moves away from the configured SN.

This should not be a new requirement at the UE, as the UE should be able to measure the SN without any additional assistance (measurement gaps etc..)

The other remaining aspect is the faster activation of suspended SCG. The main delay in the activation of an SCG is in finding the SSB (for timing an ACG adjustment purposes) (highlighted below) and RACH (for UL timing, as well as beam alignment). This is defined using the equation below taken from [2] [3]:

	Upon receiving NR PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards NR PSCell no later than in subframe n + Tconfig PSCell:

Where:

Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
TRRC_delay is the RRC procedure delay as specified in [2].

Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms if NR PSCell is in FR1, Tprocessing = 40 ms if NR PSCell is in FR2.

Tsearch is the time for AGC settling and PSS/SSS detection.

-
For NR PSCell in FR1: if the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ [-2] dB, then Tsearch = 3* Trs ms;

-
For NR PSCell in FR2: if the target cell is a known cell, Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ [-2] dB, then Tsearch = 24* Trs ms.

T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = 1*Trs ms for a known and for an unknown PSCell.

TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the NR PSCell. TPSCell_ DU is up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [39].

Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in PSCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this section is applied with Trs = 5 ms assuming the SSB transmission periodicity is 5 ms. There is no requirement if the SSB transmission periodicity is not 5 ms.




Observation 4: Having the UE measure the PSCell during suspension also reduces the SCG activation delay, as the UE can use the measurement for timing and AGC adjustments, as long as the UE does the measurement often enough. If the measurement reports include beam measurements (L1-RSRP etc), then the NW is also aware of the DL beam the UE prefers.

Observation 5: RACH duration can be reduced with dedicated RACH config to the UE or through 2-STEP RACH or other means. 

Based on the above, we propose the following for UE behaviour on SCG suspension.

Proposal 1: If the SCG is suspended, the UE stores the SCG configuration and does not apply the configuration.

Proposal 2: When the SCG is suspended, network is responsible to ensure that the measurement configuration is appropriate. e.g. for measurement reporting of the suspended PSCell.

Proposal 3: The suspension/resumption of SCG is determined by MN. New MN-SN interface is needed for the MN to inform SN about the suspension/resumption.

Proposal 4: Speeding up the RACH on PSCell at resumption can be done with a dedicated RACH resource pre-configured or through 2-STEP RACH or other means (upto the NW implementation)

2.2 Effect of further enhancements on SCG suspension 
If RAN2 thinks that usage of SCG suspension should be further improved, with faster resumption etc, we can add more complications to the SCG suspension, where one possible method is for the UE to actively provide the CSI feedback of the PSCell (as this helps with faster NW scheduling on PSCell at resumption).  

Observation 6: To further optimize the SCG suspension/resumption:

· The NW should have some sort of CSI of at least the PSCell provided by the UE, so that the data can be scheduled faster at resumption
· The UE should be time aligned with the NW to receive the DL grants, and also time aligned in uplink (valid TA) to be able to respond back.

Observation 7: To accomplish the above, the UE should be able to receive the PSCell reference signals periodically, to update the timing and AGC etc.., as well as perform beam managements and RLM etc..
2.2.1 PSCell role in such optimizations
We think the next decision to make is to progress with defining SCG suspension behaviour is to agree on how the feedback (UCI etc.,) is transmitted during suspension. 
There are two choices: 

· The PSCell is used for transmission (at least during the times the UE provides the feedback to the NW for UCI etc..)

· Or all the UL info that is meant from PSCell are routed through MCG.

We have listed below a table with different choices and impact options to support the reason on why we think it’s better to have PSCell perform transmission than routing over MCG.

	Areas of opeartion
	PSCell UL is used
	MCG is used
	Additional Remarks

	UL CSI feedback
	With proper NW configuration, no new changes are needed
	MCG has to understand the UCI format correctly and extract the physical layer info and then package this to SN
	Not only do we need new interface between MN and SN, but in case of MR-DC, one RAT has to understand other RATs PHY encoding! 

	Beam management
	With PSCell Tx, NW can perform beam management of UE UL without additional changes.
	More changes might be needed on the UE-MN and MN-SN interface. In cases where the SN uses proprietary means to derive UL beam info, it might not be possible at all!
	Although the DL beam management is the same for both approaches, UL beam management might not be possible with MCG based approach in some cases.

	RLM and other signalling handling
	No new changes are needed
	New UE-MN and MN-SN changes might be needed
	

	Power savings
	More power consumed on UE Tx on PSCell
	Potential power saving
	

	Other tangibles
	Suspension can be implemented and operated on SCG without MCG knowing about it and without MCG needing to implement or understand it. But this also requires that the UE monitor PDCCH at occasions that both UE and NW are known (as configured by NW) similar to DRX operation.
	SCG suspension requires support from both MCG and SCG, and both nodes have to be aware that the other one needs to support it.

Also the UE may have to RACH at the resumption of SCG
	Clear advantage of using PSCell approach


Observation 8: Several practical benefits (as highlighted in the table above) are observed if the PSCell is used to transmit UL information to SN during SCG suspension, instead of using the MCG relay path.
Proceeding further, we can have a case where the UE is configured with SCG bearer and we have to address on what happens when there is UL data on the bearer and SCG is suspended. Also the UE behaviour where there are configured grants are configured, the BSR/SR triggering etc. needs to be considered, while the cell group is suspended. 

But if we step back and look at this, all the observations tend to the DRX operation in SCG and this is already supported in Rel-15 and in Rel-16 WUS.
Observation 9: Requirements needed for further optimizations in bringing the UE out of SCG suspension, can be done using the DRX operation and Rel-16 WUS features, if they are applied to SCG. 

Observation 10: Such operations are controlled by SN within the SCG without any awareness in MN 
Observation 11: If the NW intends to use such optimizations, then the SCG suspension definition defined earlier is not needed, and we can use the DRX operation of the SCG, where the NW has the full control on which cells of SCG are to be active. 
Proposal 5: Any additional optimizations related to faster activation of the SCG can be achieved by using DRX and rel-16 WUS operations on SCG without enabling SCG suspension. 

3 Conclusions

Observation 1: If the NW intends to use the SCG during the periods where it has data to schedule the UE on the SCG, the following should be minimized:

· The configuration or setup latency of SCG/PSCell

· The activation latency once the configuration is setup

Observation 2: SCG suspension itself implies that both the NW (MN/SN) and UE are already preconfigured with the SCG configuration, and with a trigger (either by RRC signalling or MAC-CE/DCI), the preconfigured setup can be activated. 

Observation 3: UE should provide SCG measurements (at least for PSCell) to handle the mobility cases where the UE moves away from the configured SN.

Observation 4: Having the UE measure the PSCell during suspension also reduces the SCG activation delay, as the UE can use the measurement for timing and AGC adjustments, as long as the UE does the measurement often enough. If the measurement reports include beam measurements (L1-RSRP etc), then the NW is also aware of the DL beam the UE prefers.

Observation 5: RACH duration can be reduced with dedicated RACH config to the UE or through 2-STEP RACH or other means. 

Proposal 1: If the SCG is suspended, the UE stores the SCG configuration and does not apply the configuration.

Proposal 2: When the SCG is suspended, network is responsible to ensure that the measurement configuration is appropriate. e.g. for measurement reporting of the suspended PSCell.

Proposal 3: The suspension/resumption of SCG is determined by MN. New MN-SN interface is needed for the MN to inform SN about the suspension/resumption.

Proposal 4: Speeding up the RACH on PSCell at resumption can be done with a dedicated RACH resource pre-configured or through 2-STEP RACH or other means (upto the NW implementation)

In addition to the baseline, we could consider further enhancements to reduce delay in resuming SCG 
Observation 6: To further optimize the SCG suspension/resumption:

· The NW should have some sort of CSI of at least the PSCell provided by the UE, so that the data can be scheduled faster at resumption
· The UE should be time aligned with the NW to receive the DL grants, and also time aligned in uplink (valid TA) to be able to respond back.

Observation 7: To accomplish the above, the UE should be able to receive the PSCell reference signals periodically, to update the timing and AGC etc.., as well as perform beam managements and RLM etc..
Observation 8: Several practical benefits (as highlighted in the table above) are observed if the PSCell is Observation 9: Requirements needed for further optimizations in bringing the UE out of SCG suspension, can be done using the DRX operation and Rel-16 WUS features, if they are applied to SCG. 

Observation 10: Such operations are controlled by SN within the SCG without any awareness in MN 

Observation 11: If the NW intends to use such optimizations, then the SCG suspension definition defined earlier is not needed, and we can use the DRX operation of the SCG, where the NW has the full control on which cells of SCG are to be active. 
Proposal 5: Any additional optimizations related to faster activation of the SCG can be achieved by using DRX and rel-16 WUS operations on SCG without enabling SCG suspension. 
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