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Introduction
During RAN2#106bis, RAN2 sent LS to RAN1/RAN4 [2], showing agreements and asking four questions from RAN1 
	Agreement (RAN2)
1	SCell dormant state like LTE euCA will not be introduced in NR.
2	‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilisation for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit.
Agreement (RAN2)
1 Temporary RS resources at SCell activation will be studied as a soluton for  fast SCell activation. RAN1/4 input required on feasibility and benefit.



	RAN2 also would like to ask RAN1/RAN4 input on temporary RS.
Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?
Q 3: if the latency can be reduced, is it feasible to support ‘dormancy’ behaviour from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?
Then RAN2 would like to ask RAN1/RAN4 input on the ‘dormancy’ behaviour. 
Q 4: which part of latency can be reduced via temporary RS and by how much?
Q 5: if the latency can be reduced, is it feasible to support temporary RS from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?
Additionally RAN4 was asked:
Q 1:  Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?



 “Dormancy” implementation in RAN1 for activated cell
[bookmark: _Hlk4530909]For an activated cell, a dormancy state of active Scell has been discussed in email discussion [96b-NR-11]. The status of discussion has been summarized in [3] and during RAN1#97 no “airtime” has been given online or offline for discussion on this topic. During the discussion several approaches to adapt monitoring for Scell were suggested:
	· Potential additional L1 signalling mechanisms include 
· Using DCI on cell x to control PDCCH monitoring on Scell(s)
· Using DCI on cell x to control CSI measurements on Scell(s)
· Using DCI on cell x to switch between different configured BWPs on Scell(s)
· Using implicit association between triggering of active BWP switching on Pcell/scheduling cell and triggering of BWP switching on Scell(s).
· Note: In above bullets, cell x is a cell that is different from the Scell(s). Cell x can be e.g. Pcell, scheduling cell for the Scell(s)


  
The above options could be formulated by two alternatives:
· Alt1: Using DCI on cell x to directly control PDCCH monitoring and CSI measurements on Scell
· Alt2: Use implicit/explicit signalling on cell x to trigger BWP switch on Scell
Benefits
While two Alternatives were identified in RAN1 in [3], there has not been so far any discussion on benefits of “dormancy” in DCCA agenda, i.e. UE stopping monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management.  

Table 18: UE power consumption model for FR1
	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 



However, dormancy has been discussed during power saving study item, and power saving coming from dormancy can be estimated from Table 18 (UE power consumption model for FR1). During the dormancy, UE performs only measurements, does not receive PDSCH and does not monitor on Scell. Therefore, DL-cell only consumes 400units while dormant DL cell only 100units plus potentially up to 100unit for monitoring on Pcell. Therefore 50-75% saving can be achieved.
Observation 1: In “dormancy”, potential power saving can be estimated to be between 50-75%
Latency
Since the Scell is active, and only monitoring behaviour is changed, the latency of activation from state of spare/no monitoring on activated Scell would be small. When considering latency of Alt.2, the delay is already standardized, and it should be further discussed in RAN4 whether TYPE1 or TYPE2 delay of the below table would apply.  In case of Alt.1 the discussion on time line of monitoring adjustment would require intense discussion, and it is not yet clear whether the delay could be smaller than TYPE1 delay. 

Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



Observation 2: Latency of activation from state of spare/no monitoring on activated Scell would be small. TYPE 1 timeline of BWP switch delay could be considered for switching from dormant BWP (Alt.2). Alt1 could potentially reduce this delay, however, this requires further discussion in RAN4.

Specification effort
When considering specification effort, we think that Alt2 requires much less effort in RAN1, RAN2 and RAN4 compared to Alt.1. As understood in the email discussion, a search-space for a BWP of R15 (self-scheduled or cross-CC scheduled) can be configured with zero PDCCH candidates or sparse periodicity. On a BWP, a sparse configuration of CSI can be configured in R15. Therefore, with Alt2 no/minor RAN2 impact is expected. Parameter adaptation by BWP switch is already specified in RAN4. The only specification change to enable fast activation from ‘dormancy’ for Alt.2 is to enable cross-carrier scheduling to apply per BWP instead of serving cell. Such a gNB may send legacy BWP switch command on a dormant BWP with cross-carrier scheduling, while the switched data-BWP operates with self-scheduling. 
Observation 3: Alt2 (compared to Alt1) no or minor RAN2 impact is expected (and minimal RAN1 impact if any).

Based on the above observations we have the following proposal:
Proposal 1: To facilitate fast activation from state of spare/no monitoring on activated Scell, use implicit/explicit signalling on cell x to trigger BWP switch on Scell
· A BWP configured with spare/no monitoring on activated Scell is a dormant BWP
· Note: In above bullets, cell x is a cell that is different from the Scell(s). Cell x can be e.g. Pcell, scheduling cell for the Scell(s)

On introduction of new Scell activation procedure using temporary RS 
The introduction of new activation procedure based on temporary RS instead of SSB should be feasible, however, whether temporary RS transmitted to a UE are sufficient for synchronization, AGC, etc. is to be discussed in RAN4. 
Observation 4: The introduction of new activation procedure based on temporary RS is feasible from RAN1 perspective.
Benefits
In terms of power saving, deactivation of Scell allows for 100% power saving, because UE can be in deep sleep. 
Observation 5: Deactivation of Scell enables 100% power savings (deep sleep)
Specification effort
The amount of RAN1 specification effort depends on whether the new activation procedure would be DCI-based or MAC-CE based. If MAC-CE based then, from RAN1 point of view, there is no change. Because from RAN1 point of view, activation procedure is at n+K1+3ms, after which the RAN4 start. 
Delay
When it comes to delay the largest component of Scell activation in R15 is the SMTC periodicity, typically 20ms. Such component can be potentially reduced to as little as 3ms. The new activation procedure based on MAC-CE is depicted in Figure 1 (intra-band) and Figure 2 (inter-band). In intra-band case, the RAN1 delay is not changed. In inter-band case, the TRS are required for UE to acquire synchronisation.  Here, RAN1 would need to define position of TMRS (temporary RS). Further it should be discussed how to account for the collision of TMRS and SSB. In this case, it could be possible to drop TMRS and rely on instantaneously transmitted SSB. 
Replacing MAC-CE by DCI-based activation, would require further specification effort, even though the delay could be reduced from [5] ms -> 1ms (for the examples in Figure 1 and 2). On the other hand, MAC-CE has benefits in terms of reliability and combining gain of retransmission. 
Observation 6: By introducing TMRS-based Scell activation procedure, Scell activation delay could be reduced from typical 20ms (SMTC periodicity) to [5] ms instead.  
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Figure 1 Scell activation intra-band
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Figure 2 Scell activation inter-band

Based on the observations we have the following proposal: 

Proposal 2: Introduce new TMRS-based Scell activation procedure
· activation is MAC-CE based 
Conclusions
In this contribution, we discussed potential solutions to reduce Scell activation delay. Based on the discussion, we made the following proposals:
Proposal 1: To facilitate fast activation from state of spare/no monitoring on activated Scell, use implicit/explicit signalling on cell x to trigger BWP switch on Scell
· A BWP configured with spare/no monitoring on activated Scell is a dormant BWP
· Note: In above bullets, cell x is a cell that is different from the Scell(s). Cell x can be e.g. Pcell, scheduling cell for the Scell(s)
Proposal 2: Introduce new TMRS-based Scell activation procedure
· activation is MAC-CE based 
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