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Discussion
1 
Introduction
In the last RAN2 meeting MR-DC enhancement in Rel16 was discussed. And a LS [1] to RAN4 was agreed. 
Therefore in this contribution we provided some considerations on NR fast SCell activation of MR-DC enhancement [1], and the corresponding LS was also given in other accompanied contribution [2].

2 Discussion  
As agreed in [1], RAN2 discussed NR fast SCell activation, and made below agreements
Agreement
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.
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.
As a summary, RAN2 concluded to study two solutions: the ‘dormancy’ behaviour and the temporary RS at SCell activation to reduce activation latency (e.g. SSB, CSI-RS or TRS activated after SCell activation), which are illustrated in above agreements. To make progress, RAN2 would like to request RAN1/RAN4 for input on their feasibility and benefit.

Hereby the following questions in [1] will be addressed: 

Q 1:  Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?
According to the general SCell activation flow in NR, the requirements of NR SCell activation latency specified in TS38.133[3] include three parts:
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Figure 1. NR SCell activation delay

Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n+ [THARQ + Tactivation_time + TCSI_Reporting]
where 
THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.321. Tactivation_time includes the delay of MAC-CE parsing time, RF warm up, AGC setting and frequency/time synchronization. 
TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources.
Particularly, Tactivation_time  is consisted of 

· RF warm up excluding AGC settling

· AGC settling

· PSS/SSS and SSB index acquiring: 

· the time needed to MAC-CE decode
And in current RAN4 spec, Tactivation_time was specified according to the different cases as shown in Table 1 below.
Table 1: Tactivation_time defined in RAN4[3]

	Conditions
	Tactivation_time

	FR1
	SCell known
	[TSMTC_SCell + 5ms], if the SCell measurement cycle is equal to or smaller than [160ms].

[TSMTC_MAX + TSMTC_SCell + 5ms], if the SCell measurement cycle is larger than [160ms].



	
	SCell unknown
	[2*TSMTC_MAX + 2*TSMTC_SCell + 5ms] provided the SCell can be successfully detected on the first attempt

	FR2  

	at least one active serving cell on that FR2 band, provided that the SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3
	 [TSMTC_SCell + 5ms]

	
	at least one active serving cell on that FR2 band, if the UE is not provided with any SMTC for the target SCell
	 3 ms

	
	no active serving cell on that FR2 band provided that PCell or PSCell is FR1, and the target SCell is known to UE
	[TMAC-CE,SCell + TFineTiming + 2ms], if UE receives the SCell activation command and TCI state activation command at the same time.
[max{ TMAC-CE,SCell, Tuncertainty} + TMAC-CE_TCI + TFineTiming + 2ms], if UE receives TCI state activation command after SCell activation command.



	
	no active serving cell on that FR2 band provided that PCell or PSCell is FR1, and the target SCell is unknown to UE
	[TMAC-CE,SCell + 24* TSMTC_SCell + TL1-RSRP,measure + TL1-RSRP,report + Tuncertainty + TMAC-CE,TCI + TFineTiming + [TCSI-RS_resource_configuration] +2ms]


Observation 1: In NR, for SCell activation, UE perform AGC settling and frequency/time synchronization based on SSB, which may have a rather long periodicity and lead to long Tactivation_time.
On the other hand, it can be noted that the CSI reporting time within the total SCell activation delay can be much shorter than the part of “Tactivation_time “. Especially, in RAN1 in case of “fast CSI feedback” UE should be ready to provide CSI in less than 3ms (actually measured in slots based on numerology, but amount to slightly less than 3ms) [4]. 
Observation 2: In NR, Tactivation_time mainly including AGC settling and synchronization time is critical to shorten the overall delay SCell activation latency.
Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?

As RAN2 agreed, the 'dormancy' behaviour implies that 
· the UE stops monitoring PDCCH 
· but continues other activities such as CSI measurements, AGC and beam management. 
Firstly it shall be noted that with the introduction of the 'dormancy' state in NR, there are three types of state transition scenarios that RAN4 needs to consider at least, including 

· “dormancy state to activated state” (Dorm2Act), 

· “deactivated state to dormancy state” (Deact2Dorm), 

· “activated state to dormancy state” (Act2Dorm) transitions. 

In RAN2 the intension to introduce this new state is to reduce the latency for “Dorm2Act” when data transferring. Hereby we mainly focus on the delay requirements of “Dorm2Act”.
Observation 3: The latency reduction is targeted for the transition from dormancy to activated state.
For the “Dorm2Act” state transition, the current definition of the Scell activation delay in NR [2,TS38.133]( e.g. [THARQ + Tactivation_time + TCSI_Reporting]) should be revised. But in principle the start and ending points to define SCell activation shall be aligned with these in NR Rel15.
Observation 4: The end point of the Scell activation delay from the dormancy state in NR can be as the UE shall be ready to receive the downlink grant and apply actions related to the activation command
For TCSI_reporting  it includes the uncertainty in acquiring the first available downlink CSI reference resource. So when UE keeping CSI measurement in “dormancy state” the time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources can be skipped. 
Additionally in such NR dormancy state, the time/frequency synchronization and AGC can be maintained. Thus Tactivation_time could be reduced also.

However the low power consumption in this dormancy state may not be guaranteed..
Observation 5: The part of Scell activation in NR (TCSI_reporting and Tactivation_time) can be minimized for ‘dormancy’ behavior.  
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?

From the total delay perspective, it is feasible.  The total RRM requirements on the SCell activation shall be redefined. However, from UE implementation the penalty of power consumption shall be considered.
Observation 6: the benefits of introduce the new dormancy state is achievable but the cost of power consumption with this new state shall be traded-off. 
Q 4: which part of latency can be reduced via temporary RS and by how much?
After the SCell activation command or RRC signaling which configures the SCell in activated, the UE can perform time/frequency synchronization and AGC based on this temporary reference signal instead of acquiring SSB according to SMTC configuration.

As we explained above, the significant gains can be achieved with the shorter time for AGC and synchronization in NR Scell activation because of the available reference signal during SCell activation (e.g. SSB) needs to transmitted within a SMTC. For an example, if the temporary RS can be available every subframe, the total delay can be reduced 5ms/1ms=5x at least given the minimum SMTC window configuration used.
Observation 7: Other reference signals within a SMTC can helps the UE perform AGC and synchronization faster when SCell activation.
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?

The additional RS(e.g. TRS) after UE start SCell activation can be very beneficial to reduce the UE AGC setting and synchronization time, which are main contributors of the overall SCell activation delay defined in RAN4. Thus if such RS available in Rel16, the new SCell activation time with new RS shall be specified also.
Observation 8: the new SCell activation time with new RS shall be specified in TS38.133.
In conclusion, we can propose that:

Proposal 1: The answer to RAN2 questions can be:

Q 1:  Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?
 [RAN4]  Tactivation_time mainly including AGC settling and synchronization time is dominate contributor to NR SCell activation latency. And the difference between FR1 and FR2 may depend on other side conditions, e.g. SCell known or unknown.

Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?

[RAN4]  The part of Scell activation in NR (e.g.TCSI_reporting and Tactivation_time) can be minimized for ‘dormancy’ behavior.
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?

[RAN4] It feasible to support ‘dormancy’ behavior from RAN4 perspective. But the power consumption increase shall be considered. And the corresponding requirements in TS38.133 shall be updated.
Q 4: which part of latency can be reduced via temporary RS and by how much?

[RAN4]  Both AGC settling and synchronization based on SSB within a SMTC can be shortening.
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?

[RAN4]  It is feasible and efficient to support temporary RS from RAN4 perspective. And the corresponding requirements in TS38.133 shall be updated.
3 Conclusion
Therefore in this contribution we provided some considerations on these questions [1] as below.
Observation 1: In NR, for SCell activation, UE perform AGC settling and frequency/time synchronization based on SSB, which may have a rather long periodicity and lead to long Tactivation_time.

Observation 2: In NR, Tactivation_time mainly including AGC settling and synchronization time is critical to shorten the overall delay SCell activation latency.

Observation 3: The latency reduction is targeted for the transition from dormancy to activated state.
Observation 4: The end point of the Scell activation delay from the dormancy state in NR can be as the UE shall be ready to receive the downlink grant and apply actions related to the activation command
Observation 5: The part of Scell activation in NR (TCSI_reporting and Tactivation_time) can be minimized for ‘dormancy’ behavior.
Observation 6: the benefits of introduce the new dormancy state is achievable but the cost of power consumption with this new state shall be traded-off.
Observation 7: Other reference signals within a SMTC can helps the UE perform AGC and synchronization faster when SCell activation.
Observation 8: the new SCell activation time with new RS shall be specified in TS38.133.

Proposal 1: The answer to RAN2 questions can be:
Q 1:  Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?
 [RAN4]  Tactivation_time mainly including AGC settling and synchronization time is dominate contributor to NR SCell activation latency. And the difference between FR1 and FR2 may depend on other side conditions, e.g. SCell known or unknown.

Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?

[RAN4]  The part of Scell activation in NR (e.g.TCSI_reporting and Tactivation_time) can be minimized for ‘dormancy’ behavior.

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?

[RAN4] It feasible to support ‘dormancy’ behavior from RAN4 perspective. But the power consumption increase shall be considered. And the corresponding requirements in TS38.133 shall be updated.
Q 4: which part of latency can be reduced via temporary RS and by how much?

[RAN4]  Both AGC settling and synchronization based on SSB within a SMTC can be shortening.
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?

[RAN4]  It is feasible and efficient to support temporary RS from RAN4 perspective. And the corresponding requirements in TS38.133 shall be updated.
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