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1. Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the last RAN4-86 meeting, the NR SCell activation delay requirements were discussed and a corresponding WF was agreed [1]. In this paper, we further discuss the delay requirement and the known cell condition for NR SCell activation.
2. Discussion
The agreed NR SCell activation delay requirement and its known condition in WF [1] are listed below for reference: 
	SCell Known condition:
· In SSB based SCell activation requirements, SCell in FR1 can be considered as known without MIB reading, known with MIB reading and unknown by considering the following conditions:
· During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR1 before the reception of the SCell activation command:
· the UE has sent a valid measurement report
· the SCell being activated is indicated as a synchronous cell or the UE has already decoded MIB of the target SCell
· the SCell being activated remains detectable according to the cell identification conditions specified in section [TBD],
· SCell being activated also remains detectable during the SCell activation delay according to the cell identification conditions specified in section [TBD].
How to define the conditions for SCell known without MIB reading and SCell known with MIB reading is FFS

SCell activation delay:
· Activation delay requirement will be different for case whether UE has to decode PBCH
· Further study SSB based activation delay requirement Tactivation_time 
· Tactivation_time is consisted of 
· RF warm up excluding AGC settling: TBD and independent of SCS
· AGC settling: N1(*) SMTC periods for known and N2 SMTC periods for unknown cells
· PSS/SSS and SSB index acquiring: 
· X1 SMTC periods for known cell provided that PSS/SSS detection and MIB reading are not needed
· X2 SMTC period for known cell provided that MIB reading is needed
· X3 SMTC period for unknown cell provided that PSS/SSS detection and MIB reading are needed
· X1, X2 and X3 will be decided by RAN4#86bis
· RAN4 to study the improvement on Tactivation_time  delay if network configure additional reference signals e.g. TRS
· (*) Different N1 values depending on quality of gain state information is to be investigated. 



Based on the agreement, we further discuss the following open issues: 
· SCell known condition
· N1 and N2 for AGC settling
· X1, X2 and X3 for PSS/SSS and SSB index acquiring
· Approaches to shorten SCell activation delay

Firstly, we discuss the SCell known condition for SCell activation. For a known cell, cell search can be skipped duration the SCell activation, since the cell has been measured and it remains detectable according to the cell identification conditions. But one open issue could be that:
· The SSB measured by UE in the measurement report becomes undetectable during the activation time, but there is another SSB from the same cell becomes detectable. Is the cell still a known cell?
For example, if the SSB#1 was measured for a SCell, but it is not detectable anymore during the activation time, and the SSB#2 of SCell can be detected later on. If the SSBs are not QCL-ed, UE is required to perform timing acquisition based on the newly detectable SSBs. One another scenario could be the multi-TRPs case in SFN, where different SSBs could imply different TRPs and channels. Since the SSB has been changed, UE may need another round of cell search to detect all SSBs of a cell. 
[bookmark: _Ref510596137]Observation 1: If the measured SSB of a measured cell becomes undetectable, UE may need another round of cell search to detect all SSBs of a cell.
[bookmark: _Ref510596146]Proposal 1: For SCell known condition, it should consider the measured SSB of a known cell remains detectable.

[bookmark: _GoBack]Secondly, regarding the AGC settling, when the SCell is known, the AGC settling time could be shorten because UE has the history power information, so the UE may only need 1 more SMTC period (N1=1) for AGC settling before timing acquisition. While the SCell is unknown, UE is not able to use the history power information, and UE has to take 3 more SMTCs (N2=3) for AGC settling before timing acquisition.
[bookmark: _Ref510554155]Proposal 2: For AGC settling in FR1, N1=1 for known cells, N2=3 for unknown cells. 

Thirdly, for the known cells, under the condition of SNR=-3dB, it requires 2 SMTCs for coarse-tuning and fine-tuning on gain/timing/frequency. For the unknown cell, it needs 1 additional SMTC period for cell search at SNR of -3dB on top of what is already needed for known cells. 
[bookmark: _Ref510554166]Proposal 3: For PSS/SSS and SSB index acquiring in FR1, X1=2 for known cells that MIB reading is not needed, X2=2 for known cells that MIB reading is needed, and X2=3 for unknown cells.

In summary, it is proposed:
[bookmark: _Ref510554169]Proposal 4: Regarding the NR SCell activation time requirements based on SSBs in FR1, it proposes:
	Condition
	AGC settling
	PSS/SSS and SSB index acquiring

	known cells that MIB reading is not needed
	N1=1 SMTC period
	X1=2 SMTC periods

	known cells that MIB reading is needed
	
	X2=2 SMTC periods

	unknown cells
	N2=3 SMTC periods
	X3=3 SMTC periods



If SCell activation only relies on SSBs, the delay could be long. There could be some possible approaches to improve the delay:
· Additional reference signals are configured by network, e.g. periodic TRS.
· Apply same beam direction to multiple SSBs within a SMTC.
If additional reference signals are configured by network, e.g. periodic TRS, it can be used for AGC settling and time/frequency synchronization to shorten the delay of SCell activation. However, the cell search and MIB decoding is still relying on SSBs. For known cells that MIB reading is not needed, SSB index acquiring is not needed, and the AGC settling and timing tuning could be possible to solely rely on the configured reference signals. For known cells that MIB reading is needed, AGC settling and timing tuning could rely on the configured reference signals, but at least 1 SMTC period is needed for MIB reading. For unknown cells, cell search and MIB reading still rely on SMTCs, so it requires at least 2 SMTCs. 
[bookmark: _Ref510554176]Observation 2: If additional reference signals are configured by network, e.g. periodic TRS, the time for AGC settling and timing tuning can be shortened. But cell search and MIB reading are still relying on SSBs.

Another possibility is that network always transmits the same beam on more than 1 SSBs within SMTC. An example is shown in Figure 1, where the pair {SSB#0, SSB#4} shares the same beam, as well as {SSB#1, SSB#5}, {SSB#2, SSB#6} and {SSB#1, SSB#5}. If such a pairing is adopted by the network and known by the UE, then UE can always try to use the first half of the SSBs for AGC settling and timing tuning, and then apply the gain/timing to the 2nd half of the SSBs. Some new signaling may need to be introduced in this solution. But adding such a signaling should be backward compatible. 
[image: ]
[bookmark: _Ref510280092]Figure 1. An example of applying same beam direction to multiple SSBs in the same SMTC occasion

[bookmark: _Ref510554188]Observation 3: If same beam direction applied to multiple SSBs within a SMTC, the delay of SCell activation can be shortened.
[bookmark: _Ref510554193]Proposal 5: RAN4 should consider separate delay requirement for SCell activation, when additional reference signals are configured by network or when same beam direction applied to multiple SSBs within a SMTC.

3 	Summary
In this paper, we summarize the UE complexity and open issues regarding NR SCell activation delay requirement in FR1. We have the following observations and proposals:
Observation 1: If the measured SSB of a measured cell becomes undetectable, UE may need another round of cell search to detect all SSBs of a cell.
Proposal 1: For SCell known condition, it should consider the measured SSB of a known cell remains detectable.
Proposal 2: For AGC settling in FR1, N1=1 for known cells, N2=3 for unknown cells.
Proposal 3: For PSS/SSS and SSB index acquiring in FR1, X1=2 for known cells that MIB reading is not needed, X2=2 for known cells that MIB reading is needed, and X2=3 for unknown cells.



Proposal 4: Regarding the NR SCell activation time requirements based on SSBs in FR1, it proposes:
	Condition
	AGC settling
	PSS/SSS and SSB index acquiring

	known cells that MIB reading is not needed
	N1=1 SMTCs
	X1=2 SMTCs

	known cells that MIB reading is needed
	
	X2=2 SMTCs

	unknown cells
	N2=3 SMTCs
	X3=3 SMTCs



Observation 2: If additional reference signals are configured by network, e.g. periodic TRS, the time for AGC settling and timing tuning can be shortened. But cell search and MIB reading are still relying on SSBs.
Observation 3: If same beam direction applied to multiple SSBs within a SMTC, the delay of SCell activation can be shortened.
Proposal 5: RAN4 should consider separate delay requirement for SCell activation, when additional reference signals are configured by network or when same beam direction applied to multiple SSBs within a SMTC. 
4	Reference 
[1] R4-1803505, Way forward on PSCell addition delay and SCell activation delay, CATT.
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