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1 Introduction
In RAN2#107b [1], one new concept: suspended SCG was discussed and agreed to be supported in NR:
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 our understanding, the most important issue is how to model PSCell during SCG suspension. We saw some different options on them. In this contribution, we have a comparison of these 3 options.    

2 Discussion 
There are 3 different options of PSCell modelling during SCG suspension, which are list below:

· Alt-1: PSCell is in deep DRX (e.g. longer DRX cycle, e.g., 2.56s) [2]
· Alt-2: PSCell in in dormancy behaviour with PUCCH allowed [3] [4]
· Alt-3: PSCell in deactivated state [5] [6] [7]
In the following section, we compare them from the perspectives of activation latency, RRC signalling overhead, UE power consumption and spec impacts.
2.1 SCG activation latency
RAN4 specified the following requirements on PSCell addition latency in EN-DC:
==============================Copy from TS 36.133 [8] =================================

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 intra-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = SMTC periodicity + 5 ms. If the target cell is an unknown inter-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [TBD*SMTC periodicity + 5] ms;

-
For NR PSCell in FR2: if the target cell is an unknown intra-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [N1*SMTC periodicity + 5] ms. If the target cell is an unkown inter-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [N1*TBD* SMTC periodicity + 5] ms, else Tsearch = [TBD* SMTC periodicity + 5] ms.

T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = 1 SMTC periodicity ms.

TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the NR PSCell. TPSCell_ DU is up to x*10 +10 ms. x is defined in the table 6.3.3.2-2 of [42].

===============================================================================

As we see, even if PSCell is known in FR1, the latency may be as long as 79ms in Rel-15 legacy system, including:

· TRRC_delay is 19ms 

· Assume processing latency for RRCReconfiguration with SCG establishment is 16ms

· Assume processing latency for RRCReconfigurationComplete is 3ms
· Tprocessing is 20ms with assumption that PSCell is known in FR1
· Tsearch is 0ms with assumption that PSCell is known in FR1
· T∆ = 20ms with assumption that 1 SMTC periodicity is 20ms

· TPSCell_ DU =20ms with assumption that x=1
Observation 1: According to TS 36.133, at least 79ms latency is required to add NR PSCell even if PSCell is known in FR1.

Then, we compare the latency performance of the list 3 options in table 1:

	Different parts of latency
	Alt-1:

PSCell is in deep DRX
	Alt-2:

PSCell is in dormancy
	Alt-3:

PSCell is deactivated
	Rel-15 legacy

	TRRC_delay
	19ms

(Assuming RRCReconfiguration is sent by MN to activate SCG)
	19ms

(Assuming RRCReconfiguration is sent by MN to activate SCG)
	19ms

(Assuming RRCReconfiguration is sent by MN to activate SCG)
	19ms

	Tprocessing 
	20ms – (RF warm up delay) *
*Note that PSCell can still perform measurements in DRX
	20ms – (RF warm up delay) *
*Note that PSCell can still perform measurements in dormancy
	20ms
	20ms 



	Tsearch
	0ms
	0ms
	0ms
	0ms

	T∆
	0ms*

*Note that PSCell can perform measurements for AGC in DRX
	0ms*

*Note that PSCell can perform measurements for AGC in dormancy
	20ms*

*Assume SMTC periodicity is 20ms
	20ms*

*Assume 20ms SMTC 

	TPSCell_ DU
	0ms*

*Note that TA of PSCell can be maintained in DRX
	20ms*

*Note that TA of PSCell can’t be maintained because TAC-MAC can’t be sent by SN during SCG suspension 
	20ms


	20ms



	Sum
	39ms – (RF warm up delay)
	59ms – (RF warm up delay)
	79ms
	79ms


 Table 1: Comparison of SCG latency performance for the 3 options of PSCell modelling in SCG suspension (assuming PSCell is known in FR1)
Based on the comparison in table 1, we can see that:
· Alt-1 (PSCell is in deep DRX) can reduce at least 40ms latency over Rel-15 legacy (i.e. add the PSCell back via RRC reconfiguration message) because the UE can continue measurements for AGC and maintain TA of PSCell in DRX.

· Alt-2 (PSCell is in dormancy) can reduce at least 20ms latency over Rel-15 legacy because the UE can continue measurements for AGC in dormancy.
· Alt-3 (PSCell is deactivated) doesn’t have activation benefit over Rel-15 legacy. 

Observation 2: From SCG activation latency perspective, the benefit of 3 options of SCG suspension over Rel-15 legacy (i.e. add the PSCell back via RRC reconfiguration message) is compared below:   
· Alt-1 (PSCell is in deep DRX) can reduce at least 40ms latency over Rel-15 legacy because the UE can continue measurements for AGC and maintain TA of PSCell in DRX.
· Alt-2 (PSCell is in dormancy) can reduce at least 20ms latency over Rel-15 legacy because the UE can continue measurements for AGC in dormancy.
· Alt-3 (PSCell is deactivated) doesn’t have latency benefit over Rel-15 legacy. 

2.2 RRC signalling overhead reduction
In our understanding, in all 3 options, the UE stores the SCG configuration but doesn’t apply them during SCG suspension. Therefore, MN just needs to use delta signalling for SCG configuration in the 3 options, but needs to apply full configuration in Rel-15 legacy. Thus, all these 3 options can achieve RRC signalling overhead reduction benefit.

Observation 3: From RRC signalling overhead reduction perspective, all these 3 options can achieve benefit because MN just needs to use delta signalling for SCG configuration. Note that our understanding is the UE stores the SCG configuration but doesn’t apply them during SCG suspension for all 3 options. 
2.3 UE power consumption

With the UE power consumption model agreed by RAN1 in table 2 [9], we provide a “worst case” analysis on power consumption, where the “worst case” means only the slot with both SSB/CSI and PDCCH/PDSCH processing is considered:

· Rel-15 legacy ~ 400 units 

· 300 units for PDCCH + PDSCH transmission.
· 100 units for ‘SSB or CSI-RS proc.’
· Alt-1 (PSCell is in deep DRX): ~123.45 units
· 100 units for ‘SSB or CSI-RS proc.’ 
· 300×0.078= 23.45 units for PDCCH + PDSCH in PSCell, where we assume DRX cycle =2.559s and on-duration = 200ms
· Alt-2 (PSCell is in dormancy): ~100 units
· 100 units for ‘SSB or CSI-RS proc.’ 
· Alt-3 (PSCell is deactivated): ~0 units (if RLM/RRM is not performed)
· Note that whether RLM and/or RRM can be performed in deactivated PSCell and their corresponding RAN4 requirements need to be discussed.
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 


Table 2: RAN1 agreed UE power consumption model in FR1
Observation 4: From UE power consumption perspective, the 3 options of SCG suspension are compared with Rel-15 legacy with the UE power consumption model agreed by RAN1:   
· Rel-15 legacy ~ 400 units 

· Alt-1 (PSCell is in deep DRX): ~123.45 units, where we assume DRX cycle =2.559s and on-duration = 200ms
· Alt-2 (PSCell is in dormancy): ~100 units
· Alt-3 (PSCell is deactivated): ~0 units if RLM/RRM is not performed. Note that whether RLM and/or RRM can be performed in deactivated PSCell and their corresponding RAN4 requirements need to be discussed.
2.4 Spec impacts
We list the spec impacts analysis for 3 options as follows:
· Alt-1 (PSCell is in deep DRX):

· No further spec impacts

· RLM/RRM requirements can reuse existing ones under DRX specified in TS 38.133 [10]
· CSI reporting, SR, RACH, SRS and TA can follow existing UE behaviour specified in TS 38.321 [11].

· Alt-2 (PSCell is in dormancy):
· Need to specify UE behaviours on CSI reporting, SRS and RACH procedure under PSCell dormancy in TS 38.321 [11].
· Need to discuss whether and how the UE can maintain TA, considering the UE can’t receive TAC MAC-CE. (e.g. UE sends PRACH in dormancy PSCell, and it is allowed to monitor RAR with TAC in dormant DL BWP for one RRC configured duration).
· Need to specify RAN4 requirements on RLM and RRM in dormancy PSCell.
· Alt-3 (PSCell is deactivated):
· Need to specify RAN4 requirements on RLM and RRM in deactivated PSCell.
Observation 5: From spec impact perspective, the 3 options of SCG suspension are compared:   
· Alt-1 (PSCell is in deep DRX): 
· No further spec impacts
· Alt-2 (PSCell is in dormancy): 

· Need to at least specify / discuss UE behaviours on CSI reporting, SRS and RACH procedure under PSCell dormancy. FFS TA procedure
· Need to specify RAN4 requirements on RLM and RRM in dormancy PSCell.
· Alt-3 (PSCell is deactivated): 
· Need to specify RAN4 requirements on RLM and RRM in deactivated PSCell
3 Summary
For SCG suspension, we think the most important issue is how to model PSCell during SCG suspension. And we saw 3 different options on them:

· Alt-1: PSCell is in deep DRX (e.g. longer DRX cycle, e.g., 2.56s) 

· Alt-2: PSCell in in dormancy behaviour with PUCCH allowed 

· Alt-3: PSCell in deactivated state

In this contribution, we have a comparison of these 3 options from the perspectives of activation latency, RRC signalling overhead reduction, UE power consumption and spec impacts: 

Observation 1: According to TS 36.133, at least 79ms latency is required to add NR PSCell even if PSCell is known in FR1.

Observation 2: From SCG activation latency perspective, the benefit of 3 options of SCG suspension over Rel-15 legacy (i.e. add the PSCell back via RRC reconfiguration message) is compared below:   
· Alt-1 (PSCell is in deep DRX) can reduce at least 40ms latency over Rel-15 legacy because the UE can continue measurements for AGC and maintain TA of PSCell in DRX.

· Alt-2 (PSCell is in dormancy) can reduce at least 20ms latency over Rel-15 legacy because the UE can continue measurements for AGC in dormancy.
· Alt-3 (PSCell is deactivated) doesn’t have latency benefit over Rel-15 legacy. 

Observation 3: From RRC signalling overhead reduction perspective, all these 3 options can achieve benefit because MN just needs to use delta signalling for SCG configuration. Note that our understanding is the UE stores the SCG configuration but doesn’t apply them during SCG suspension for all 3 options. 
Observation 4: From UE power consumption perspective, the 3 options of SCG suspension are compared with Rel-15 legacy with the UE power consumption model agreed by RAN1:   
· Rel-15 legacy ~ 400 units 

· Alt-1 (PSCell is in deep DRX): ~123.45 units, where we assume DRX cycle =2.559s and on-duration = 200ms
· Alt-2 (PSCell is in dormancy): ~100 units
· Alt-3 (PSCell is deactivated): ~0 units if RLM/RRM is not performed. Note that whether RLM and/or RRM can be performed in deactivated PSCell and their corresponding RAN4 requirements need to be discussed.
Observation 5: From spec impact perspective, the 3 options of SCG suspension are compared:   
· Alt-1 (PSCell is in deep DRX): 

· No further spec impacts
· Alt-2 (PSCell is in dormancy): 

· Need to at least specify / discuss UE behaviours on CSI reporting, SRS and RACH procedure under PSCell dormancy. FFS TA procedure
· Need to specify RAN4 requirements on RLM and RRM in dormancy PSCell.
· Alt-3 (PSCell is deactivated): 
· Need to specify RAN4 requirements on RLM and RRM in deactivated PSCell
Based on above analysis, we prefer Alt-1 (PSCell in deep DRX) and Alt-2 (PSCell in dormancy). Then considering we only have two meetings to finalize Rel-16 DCCA, we slightly prefer Alt-1 which has smallest spec impact:
Proposal 1: PSCell under suspension of SCG is in deep DRX. And the solution of PSCell being in dormancy can be considered if spec impact is small.  
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