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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In RAN4 #98-e meeting, a WF for multiple SCell activation was approved [1]. In RAN4 #98-bis-e meeting, RAN4 still hadn’t achieved the agreements on one of the remaining issue as follow. 
	· Issue 1-2-3: Condition of SMTC configuration to apply multiple SCell activation requirement
· FFS:
· Option 1 (Huawei, Apple, QC, MTK, NEC): Multiple SCell activation requirements apply provided that SMTC offset is same for all SCells activated by the same MAC CE.
· Option 1a: option 1 with clarification on per-FR MG capability and SCells’ condition in the same band
· Option 2 (Ericsson, Nokia): No need to have such restriction of SMTC offset as in option1.


In this contribution, we will further discussion on this remaining issue.
2 Background
In current TS38.133, the interruption due to SCell activation had been defined as follow. The interruption length includes both RF retuning and the first AGC retuning time for intra-band SCell activation. 
	[bookmark: _Toc5952633]8.2.2.2.2	Interruptions at SCell activation/deactivation
When an intra-band SCell is activated or deactivated as defined in TS 37.340 [17], the UE is allowed
-	an interruption on any active serving cell:
-	of up to X2 slot, if the active serving cell and the SCell being activated or deactivated are in a FR1 band pair or in a FR1+FR2 band pair.
-	of up to X2 slot, if the active serving cell and the SCell being activated or deactivated are in a FR2 band pair and UE is capable of independent beam management on this FR2 band pair.
Where X2 is specified in Table 8.2.2.2.2-1.
or
-	of up to the duration shown in table 8.2.2.2.2-2, if the active serving cells are in the same band as any of the SCells being activated or deactivated provided the cell specific reference signals from the active serving cells and the SCells being activated or deactivated are available in the same slot.
Table 8.2.2.2.2-1: Interruption length X2 for SCell activation/deactivation for inter-band CA
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)

	0
	1
	
	1 

	1
	0.5
	
	1 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	2 

	
	
	Either aggressor cell or victim cell is on FR1
	3

	3
	0.125
	Aggressor cell is on FR2
	4 

	
	
	Aggressor cell is on FR1
	5 




	
Table 8.2.2.2.2-2: Interruption duration for SCell activation/deactivation for intra-band CA
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	NR Slot length (ms)
	Interruption length (slots)

	0
	1
	1 + TSMTC_duration * 

	1
	0.5
	1 + TSMTC_duration * 

	2
	0.25
	2 + TSMTC_duration * 

	3
	0.125
	4 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is
	- the longest SMTC duration among all above active serving cells and the SCell being activated when one SCell is activated;
	- the longest SMTC duration among all active serving cells in the same band when one SCell is deactivated.
NOTE 2:	 is as defined in TS 38.211 [6].





When RAN4 discussed the requirements for multiple SCell activation, single RF retuning is expected when single MAC CE command is configured[2]. 
	· Agreement in RAN4 #95e:
· Single interruption due to RF tuning/retuning shall be assumed when one single MAC CE command is received for multiple SCell activation.


In last meeting, some companies raised one issue to illustrate the negative impact for SMTC offset misalignment. When two SCells (SCell #0 and SCell #1) are activated with a single MAC CE, and the SMTC offset for them are misaligned, the RF re-tuning for these two SCells needs to be done before the first complete SSB burst indicated by the SMTC of SCell0, as otherwise UE cannot meet the activation delay requirement for SCell0. However, the SCell 1 had to wait the AGC retuning occasion until active serving cell and SCell #1 are transmitting SSB bursts in the same slot.  Thus, the active serving cell will have performance degradation due to poor AGC retuning during this waiting time. Thus, to avoid this issue, some companies suggest RAN4 shall define applicability rule for only apply the multiple SCell activation requirement when SMTC offset is same for all SCells being activated by the same MAC CE.
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Figure 1. Different SMTC offset between SCells being activated
When we further studied this issue, we found it still cannot solve the performance degradation issue for active serving cells even when RAN4 applies the multiple SCell requirements for same SMTC offset among the SCells being activated by the same MAC CE. For example,  when SCell #0, SCell #1 and active serving cell have the same SMTC offset, but active serving cell has a larger periodicity than SCell being activated, the AGC retuning occasion shall be the TFirstSSB_MAX where the occasion is all active serving cells and SCells being activated transmitting SSB bursts in the same slot. Thus, if the same activation delay requirement for SCell #0 is applied, SCell #1 cannot adjust the AGC immediately after RF retuning. The active serving cell will face the same performance degradation due to poor AGC retuning during the waiting time. 
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[bookmark: _Ref71049472]Figure 2. Same SMTC offset between SCells being activated
[bookmark: _Ref71056045]Observation 1: Aligning SMTC offset cannot solve the performance degradation on active serving cells when active serving cells have the different SMTC periodicity with SCells being activated in the same band.
During Rel-16 multiple SCell activation discussion, RAN4 just studied the relation and impact between the victim and aggressor SCells, but RAN4 hadn’t discussed the further impact due to active serving cells. Thus, RAN4 shall define a unified framework to solve this remaining issue on multiple SCell activation.
3 Scenarios
Based on current multiple SCell activation applicability rule, any to-be-activated unknown SCell shall have active serving cell(s) or known SCell being activated(s) on the same band. The issue is SCell being activated needs additional AGC retuning which is based on the SSB transmission occasion for all the active serving cells and SCells being activated.
Firstly, we list the scenarios which has no performance degradation issue as follow.
· FR2
In FR2, when to-be-activated unknown SCells have active serving cell(s) or known SCell being activated(s) on the same band, no additional AGC retuning is needed.  
· All SCells being activated don’t need AGC retuning
In this scenario, no additional AGC retuning is needed for the SCell being activated. 
· No active serving cell in the same band with the SCell being activated which needs AGC retuning
In this scenarios, AGC retuning doesn’t need to wait the SSB for active serving cell in the same band and no additional interruption due to intra-band AGC retuning is needed.
Thus, no requirement update is needed for above scenarios.
[bookmark: _Ref71056091]Proposal 1: There is no performance degradation issue for active serving cells due to AGC retuning for SCell being activated when
· unknown SCells being activated have active serving cell(s) or known SCell being activated(s) on the same band in FR2, or 
· all SCells being activated don’t need AGC retuning, or
· no active serving cell in the same band with the SCell being activated which needs AGC retuning
Furthermore, we will consider the scenarios with additional interruption due to AGC retuning in FR1. To simplify the analysis, we firstly consider the scenario with only one band has both SCells being activated and active serving cells. 
Case 1: Only one band’s SCell(s) being activated has active serving cells in the same band
[bookmark: _Hlk71139602]When UE immediately retunes the RF after MAC CE command to meet the requirement for SCells being activated(such as SCell #0) which has the shortest TFirstSSB_MAX, the performance degradation for active serving cell in band #1 will be expected(left figure in Figure 3). To minimize the impact to active serving cell, the RF retuning time shall be based on the SCell being activated which has the active serving cell in the same band. On the contrary, in right figure for Figure 3, the SCell #1 which has active serving cell in the same band shall immediately retunes the RF after the MAC CE command. 
[bookmark: _Ref71128709]Proposal 2: To avoid the performance degradation for active serving cell, RF retuning occasion shall base on the  SCell(s) which has active serving cells in the same band other than any SCell which has the earliest SMTC occasion after THARQ+3ms.
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[bookmark: _Ref71054947]Figure 3. SCell activation when different SMTC offset between SCells being activated(Case 1)
Case 2: Two or More bands have the SCells being activated and active serving cells in the same band
We further consider the scenarios when two or more bands have the SCells being activated and active serving cells in the same band. 
Firstly, we want to introduce a definition for ‘common SMTC occasion’ as follow, where UE can detect the SMTCs for all SCells being activated at a common occasion. 
there for K SCells being activated exists a set of non-zero integers N1, ..., NK and a value X fulfilling the following:
-	SMTC offset#m + Nm×SMTC period#m = X, for m=1,...,K, where SMTC offset#m and SMTC period#m are SMTC offset and SMTC period, respectively, for the m-th Scell in the set of K SCells to be activated.
For example, if one SCell SMTC configuration is {periodicity = 80ms, offset = 40ms}, another SCell configuration is {periodicity = 40ms, offset = 0ms}, we can still find a SMTC occasion where UE can detect both SCells’ SMTC.
[image: ]
Figure 4. Common SMTC occasion for SCells being activated with different SMTC configuration
[bookmark: _Ref71309526]Proposal 3: Define ‘common SMTC occasion’ when two or more bands have the SCells being activated and active serving cells in the same band as follow.
there for K SCells being activated exists a set of non-zero integers N1, ..., NK and a value X fulfilling the following:
-	SMTC offset#m + Nm×SMTC period#m = X, for m=1,...,K, where SMTC offset#m and SMTC period#m are SMTC offset and SMTC period, respectively, for the m-th Scell in the set of K SCells to be activated.
· Case 2-1: common SMTC occasion exists among SCells being activated
[image: ]
Figure 5. SCell activation when common SMTC occasion exists between SCells being activated(Case 2-1)
[bookmark: _Hlk71140116]If the UE immediately retunes the RF based on the earliest TFirstSSB_MAX, the active serving cells which are in the same band with the latter SCells being activated will potentially experience a performance degradation. To avoid the performance degradation for the active serving cells, the RF retuning occasion shall be based on the longest TFirstSSB_MAX because more than one of SCells being activated have active serving cells in their bands. When common SMTC occasion exists for all SCells being activated and more than one band has at least one of the SCell being activated and the active serving cell(s) in the same band, the RF retuning occasion shall base on the common SMTC occasion for all SCells being activated. Based on this update, all the active serving cells’ scheduling won’t be disturbed by the AGC retuning in the same band.  
[bookmark: _Ref71056097][bookmark: _Ref71128746]Proposal 4: When common SMTC occasion exists for all SCells being activated and more than one band has the SCell being activated and the active serving cell(s) in the same band, the RF retuning occasion shall base on the common SMTC occasion for all SCells being activated.  
· Case 2-2: SMTC offset misalignment among SCells being activated
[bookmark: _Hlk71140209]In this scenario, if RAN4 just permit only one RF retuning occasion, the performance degradation for some active serving cells can be expected based on current specification because more than one of the SCells being activated have active serving cells in the same band. From network’s perspective, it’s important to let network know the accurate performance degradation duration for active serving cells. Thus, a clear requirement shall also be defined in this scenario. The further enhancement for this scenario can be considered in next release.
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Figure 6. SCell activation when common SMTC occasion non-exists between SCells being activated(Case 2-2)
[bookmark: _Ref71056106]Proposal 5: When common SMTC occasion non-exists for SCells being activated and more than band has the SCell(s) being activated and active serving cell(s) in the same band, the performance degradation for active serving cells which are in the same band with latter SCells being activated is expected. RAN4 should further enhance this scenario in the latter release.
[bookmark: _Hlk71139904][bookmark: _Ref71128712][bookmark: _Ref71056100][bookmark: _Hlk71139830]Thus, TFirstSSB_MAX_multiple_scells  definition for multiple SCell activation shall be updated.
[bookmark: _Ref71622421][bookmark: _Hlk71139923]Proposal 6: The TFirstSSB_MAX_multiple_scells  definition for multiple SCell activation requirement shall be updated as follows.
	TFirstSSB_MAX_multiple_scells: is the time
-	TFirstSSB_MAX, band #k, when only one band’s SCell(s) being activated has active serving cell(s) in the same band;
-	max {TFirstSSB_MAX, band #i} i = 1, 2, …, maxBands, when common SMTC occasion exists for all SCells being activated and more than one band’s SCell(s) being activated have active serving cell(s) in the same band;
	Where, the common SMTC occasion can be defined as 
there for K SCells being activated exists a set of non-zero integers N1, ..., NK and a value X fulfilling the following:
-	SMTC offset#m + Nm×SMTC period#m = X, for m=1,...,K, where SMTC offset#m and SMTC period#m are SMTC offset and SMTC period, respectively, for the m-th Scell in the set of K SCells to be activated.
-	min {TFirstSSB_MAX, band #i} i = 1, 2, …, maxBands, when 
-	all SCells being activated are on FR2, or
-	no additional AGC retuning is needed for all SCells being activated, or
-	no active serving cell(s) in the same band with the SCells being activated which need AGC retuning, or
-	SMTC offset is different for all SCells being activated and more than one band’s SCell(s) being activated have active serving cell(s) in the same band
	When more than one bands’ SCell(s) being activated have active serving cell(s) in the same band and SMTC offset is different, performance degradation can be expected for active serving cell(s) with SCell(s) being activated in the same band #i after min{TFirstSSB_MAX, band #i} to the TFirstSSB_MAX, band #i. 
Where, 
maxBands is the maximum number of UE supported bands which have SCells being activated.
TFirstSSB_MAX, band #k is the TFirstSSB_MAX, band #i time for the band #k which has active serving cell(s) and to-be-activated SCell(s).
	TFirstSSB_MAX, band #i is the time to the end of the first complete SSB burst indicated by the SMTC after slot n +  for the SCell(s) being activated in band #i, further fulfilling:
-	In FR1, in case of active serving cell(s) in the same band with SCell(s) being activated, the occasion when all active serving cell(s) and SCell(s) being activated or released are transmitting SSB bursts in the same slot; otherwise, the first SMTC occasion when the SCell(s) being activated are transmitting SSB burst.
-	In FR2, the occasion when all active serving cell(s) and SCell(s) being activated or released are transmitting SSB bursts in the same slot. 


4 Conclusion
In the contribution, we discuss the remaining issues for multiple SCell activation. We have the following proposals:
Observation 1: Aligning SMTC offset cannot solve the performance degradation on active serving cells when active serving cells have the different SMTC periodicity with SCells being activated in the same band.
Proposal 1: There is no performance degradation issue for active serving cells due to AGC retuning for SCell being activated when
· to-be-activated unknown SCells have active serving cell(s) or known SCell being activated(s) on the same band in FR2, or 
· all SCells being activated don’t need AGC retuning, or
· no active serving cell in the same band with the SCell being activated which needs AGC retuning
Proposal 2: To avoid the performance degradation for active serving cell, RF retuning occasion shall base on the  SCell(s) which has active serving cells in the same band other than any SCell which has the earliest SMTC occasion after THARQ+3ms.
Proposal 3: Define ‘common SMTC occasion’ when two or more bands have the SCells being activated and active serving cells in the same band as follow.
there for K SCells being activated exists a set of non-zero integers N1, ..., NK and a value X fulfilling the following:
-	SMTC offset#m + Nm×SMTC period#m = X, for m=1,...,K, where SMTC offset#m and SMTC period#m are SMTC offset and SMTC period, respectively, for the m-th Scell in the set of K SCells to be activated.
Proposal 4: When common SMTC occasion exists for all SCells being activated and more than one band has the SCell being activated and the active serving cell(s) in the same band, the RF retuning occasion shall base on the common SMTC occasion for all SCells being activated.
Proposal 5: When common SMTC occasion non-exists for SCells being activated and more than band has the SCell(s) being activated and active serving cell(s) in the same band, the performance degradation for active serving cells which are in the same band with latter SCells being activated is expected. RAN4 should further enhance this scenario in the latter release.
Proposal 6: The TFirstSSB_MAX_multiple_scells  definition for multiple SCell activation requirement shall be updated as follows.
	TFirstSSB_MAX_multiple_scells: is the time
-	TFirstSSB_MAX, band #k, when only one band’s SCell(s) being activated has active serving cell(s) in the same band;
-	max {TFirstSSB_MAX, band #i} i = 1, 2, …, maxBands, when common SMTC occasion exists for all SCells being activated and more than one band’s SCell(s) being activated have active serving cell(s) in the same band;
	Where, the common SMTC occasion can be defined as 
there for K SCells being activated exists a set of non-zero integers N1, ..., NK and a value X fulfilling the following:
-	SMTC offset#m + Nm×SMTC period#m = X, for m=1,...,K, where SMTC offset#m and SMTC period#m are SMTC offset and SMTC period, respectively, for the m-th Scell in the set of K SCells to be activated.
-	min {TFirstSSB_MAX, band #i} i = 1, 2, …, maxBands, when 
-	all SCells being activated are on FR2, or
-	no additional AGC retuning is needed for all SCells being activated, or
-	no active serving cell(s) in the same band with the SCells being activated which need AGC retuning, or
-	SMTC offset is different for all SCells being activated and more than one band’s SCell(s) being activated have active serving cell(s) in the same band
	When more than one bands’ SCell(s) being activated have active serving cell(s) in the same band and SMTC offset is different, performance degradation can be expected for active serving cell(s) with SCell(s) being activated in the same band #i after min{TFirstSSB_MAX, band #i} to the TFirstSSB_MAX, band #i. 
Where, 
maxBands is the maximum number of UE supported bands which have SCells being activated.
TFirstSSB_MAX, band #k is the TFirstSSB_MAX, band #i time for the band #k which has active serving cell(s) and to-be-activated SCell(s).
	TFirstSSB_MAX, band #i is the time to the end of the first complete SSB burst indicated by the SMTC after slot n +  for the SCell(s) being activated in band #i, further fulfilling:
-	In FR1, in case of active serving cell(s) in the same band with SCell(s) being activated, the occasion when all active serving cell(s) and SCell(s) being activated or released are transmitting SSB bursts in the same slot; otherwise, the first SMTC occasion when the SCell(s) being activated are transmitting SSB burst.
-	In FR2, the occasion when all active serving cell(s) and SCell(s) being activated or released are transmitting SSB bursts in the same slot. 



5 Reference
[1]. [bookmark: _Hlk51315259]R4-2103620, WF on R16 RRM enhancement part 3 – Multiple SCell activation, inter-frequency measurement without MG, FR2 inter-band CA, UE specific CBW change, Apple
[2]. [bookmark: _Ref71129038]R4-2008994, WF on NR RRM enhancements – multiple SCell activation, Apple


image3.png
Band #0

Band #1

MAC
AGC retuning Interruption
l for Scell 0 to Scell 0

SCell0 being

e J - . ._
SCelll being

activated J

Performance
degradation

Active
serving cell

élﬁ\l

RF retuning
AGC retuning
for Scell 1




image4.png
Band #0

Band #1

SCell0 being

activated J

SCelll being
activated

Active
serving cell

MAC

|

—_—

RF retuning

B B

eirstss_mak band o

AGC retuning
for Scell 1

Trirstsss_maxband#1

Band #0

Band #1

MAC

RF retuning

SCell0 being 1
activated J \ |

1

Il

+ t

) 1 gl

1T FirstssB_max band #0 '
SCelll being
activated

AGC retuning

1
1
1
1
I
1
1
1 for Scell 1
1

Active
serving cell

——

T, 1
FirstsSB_MAX,band #1





image5.png
Common

SCell0 being
activated

SMTC occasion

10

—-@|---

I
SMTC offset=4Qms

SCelll being
activated

SMTC periodicity=80m:

1 1

1 |

I I
SMTC offset=0ms
SMTC periodicity=40ms




image6.png
Mac AGC retuning

for Scell 0 RF retuning
SCell0 being

activatedj |
1
Band #0 t
1
Active : !
serving celm I .
1
|
D
1

TFlrsISSBJ\II&X,band 0

—_—

AGC retuning
] for Scell 0,1

SCell2 being

activated J
Band #1

Active

serving cell3

Trirstsss_maxband#1




image7.png
MAC
AGC retuning

l for Scell 0

SCell0 being
activated | ._
1
Band #0 t
i I
Active :
serving celll 1 ._
1
[
, T,
1 Trirstsse_mpx,band 0
1 i AGC retuning
SCell2 being | for Scell 1
activated . ._
Band #1 ;

Active
serving cell3

————
I

Trirstsss_maxband#1




image1.wmf
m


image2.png
Band #0

Band #1

SCell0 being
activated

SMTC

SMTC |1
1
1
]
1
1
1
1

SMTC, SMTC SMTC SMTC
SCelll being
e . . /i .
1
active ! SMTC offset .
serving
cell T
! AGC retuning
RF retuning

for Scell 1




