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1.	Introduction
We provide analyses on applicability of PUCCH SCell requirements based on deployment scenarios and specifications. And PUCCH SCell activation sequences for different conditions are presented. Based on the presented activation sequences, PUCCH SCell activation requirements are proposed.
2. 	Discussion
Applicability of PUCCH SCell Requirements
A dual-PUCCH is expected to be more relevant and prevalent in non co-located deployment scenarios for which intra-band MRTD/MTTD requirements are not defined. Besides, as per procedures for UE configured with dual PUCCH group in RAN1 spec (Clause 9 of TS38.213) and UE capability of parallelTxSRS-PUCCH-PUSCH defined only for inter-band, PUCCH SCell and PCell should be in different bands, i.e. given that a parallel UL transmission of SRS and PUCCH/PUSCH across CCs in a band is not even in the list of UE capabilities, it can be said that a simultaneous transmission of  PUCCH/PUSCH and PUCCH/PUCCH across PUCCH groups, which should be supported for dual PUCCH group, can’t be supported for intra-band CA.
For PUCCH SCell without a valid TA, it is a valid scenario only when UE is capable of more than one TAG since PCell TA (pTAG) should be assumed valid once MAC-CE based SCell activation command is received by the UE.
For unknown PUCCH SCell with a valid TA, it is an invalid scenario because the serving cell that can transmit PRACH in the secondary PUCCH group should be the PUCCH SCell.
Proposal 1: PUCCH SCell activation requirements are applicable only to the following cases:
· the PUCCH SCell is in a different band from SpCell band
· for invalid TA, UEs capable of more than one TAG
· for unknown PUCCH SCell, TA shall be assumed invalid

There are three different beam correspondence capabilities:
· beamCorrespondenceWithoutUL-BeamSweeping
· beamCorrespondenceSSB-based-r16
· beamCorrespondenceCSI-RS-based-r16
UEs supporting none of the first two capabilities require SRS-based UL beam sweeping. And subsequently, PUCCH-SpatialRelationInfo may have to be updated accordingly, which requires additional RRC reconfiguration for PUCCH SCell, hence, a large total FR2 PUCCH SCell activation latency. With this observation, we propose to define FR2 SCell activation requirement only for UEs supporting at least one of the first two capabilities.
Proposal 2: For UEs not supporting one of the following capabilities, FR2 PUCCH SCell (de)activation requirements are not defined.
· beamCorrespondenceWithoutUL-BeamSweeping
· beamCorrespondenceSSB-based-r16

PUCCH SCell Activation Requirements for Known PUCCH SCell with a Valid TA
As shown in Figure 1, an activation sequence for PUCCH SCell with a valid TA is exactly the same as non-PUCCH SCell activation except that CSI of the SCell is reported on the SCell.
[bookmark: _Hlk68189183]Proposal 3: For known PUCCH SCell with a valid TA, the single SCell activation requirements in terms of activation delay and interruption are the same as respective legacy SCell activation requirements except that CSI of the PUCCH SCell is reported on the SCell.
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Figure 1-a. Non-PUCCH SCell activation
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Figure 1-b. PUCCH SCell activation (when the SCell’s TA is valid)
Figure 1. SCell vs. PUCCH SCell activation (when the SCell is known and the SCell measurement cycle>160ms)

PUCCH SCell Activation Requirements for Known and Unknown PUCCH SCell with an Invalid TA
When to-be-activated PUCCH SCell’s TA is invalid, UE should first obtain a valid TA of the SCell before CSI report of the SCell. The TA acquisition procedure for PUCCH SCell is composed of the following three steps:
· PDCCH order based CFRA and PRACH transmission
· In NR, a cross-carrier PDCCH order RA is not supported
· For unknown PUCCH SCell, the PDCCH shouldn’t be transmitted until UE finishes processing the last activation command for TCI
· RAR reception in response to the PRACH
· PUSCH transmission in response to RAR
· Upon the reception of the PUSCH, serving cell can tell the RAR is correctly received by the UE

In FR2, PUCCH-Config can include PUCCH-SpatialRelationInfo which can be updated based on L1-RSRP report. If L1-RSRP report is followed by RRC reconfiguration for PUCCH-SpatialRelationInfo update, an additional activation delay should be allowed.

The PUCCH SCell activation sequence explained above is illustrated with diagrams in Figure 2 and 3 for known and unknown (PUCCH) SCell activation, respectively. Based on the activation sequence, PUCCH SCell activation requirements for invalid TA are provided in Proposal 4 and 5.
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Figure 2-a. Non-PUCCH SCell activation
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Figure 2-b. PUCCH SCell activation (when the SCell’s TA is invalid)
Figure 2. SCell vs. PUCCH SCell activation (when the SCell is known and the SCell measurement cycle>160ms)

Proposal 4: For known PUCCH SCell with an invalid TA, the single SCell activation requirements in terms of activation delay and interruption are defined as follows:
· Starting point of interruption window is the same as legacy SCell activation requirement
· Activation delay = legacy SCell activation delay + T1 + T2 + T3, where
· T1: the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell
· T2: the delay for obtaining a valid TA command for the sTAG
· T3: the delay for applying the received TA for uplink transmission
· CSI of the PUCCH SCell is reported on the SCell after T3
· For FR1, the above requirement also applies to “unknown PUCCH SCell with invalid TA” if one of the following conditions is met:
· ‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or 
·  ‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation
· For FR2, if L1-RSRP report is followed by RRC reconfiguration for PUCCH-SpatialRelationInfo update based on the report during the activation procedure, an additional delay is expected
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Figure 3. PUCCH SCell activation (when the SCell is unknown and the SCell’s TA is invalid)

Proposal 5: For unknown PUCCH SCell with an invalid TA, the single SCell activation requirements in terms of activation delay and interruption are defined as follows:
· Starting point of interruption window is the same as legacy SCell activation requirement
· Activation delay = T0 + T1 + T2 + T3, where
· T0: 
· If semi-persistent CSI-RS is used for CSI reporting, 
· If periodic CSI-RS is used for CSI reporting, 
· T1: the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell
· T2: the delay for obtaining a valid TA command for the sTAG
· T3: the delay for applying the received TA for uplink transmission
· PDCCH triggering CF-RA shall be after UE finishes processing the last activation command for TCI
· CSI of the PUCCH SCell is reported on the SCell after T3
· For FR2, if L1-RSRP report is followed by RRC reconfiguration for PUCCH-SpatialRelationInfo update based on the report during the activation procedure, an additional delay is expected
· For FR1, the above requirement applies only when none of the following conditions is met:
· ‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or 
·  ‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation
3.	Conclusion
Proposal 1: PUCCH SCell activation requirements are applicable only to the following cases:
· the PUCCH SCell is in a different band from SpCell band
· for invalid TA, UEs capable of more than one TAG
· for unknown PUCCH SCell, TA shall be assumed invalid
Proposal 2: For UEs not supporting one of the following capabilities, FR2 PUCCH SCell (de)activation requirements are not defined.
· beamCorrespondenceWithoutUL-BeamSweeping
· beamCorrespondenceSSB-based-r16
Proposal 3: For known PUCCH SCell with a valid TA, the single SCell activation requirements in terms of activation delay and interruption are the same as respective legacy SCell activation requirements except that CSI of the PUCCH SCell is reported on the SCell.
Proposal 4: For known PUCCH SCell with an invalid TA, the single SCell activation requirements in terms of activation delay and interruption are defined as follows:
· Starting point of interruption window is the same as legacy SCell activation requirement
· Activation delay = legacy SCell activation delay + T1 + T2 + T3, where
· T1: the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell
· T2: the delay for obtaining a valid TA command for the sTAG
· T3: the delay for applying the received TA for uplink transmission
· CSI of the PUCCH SCell is reported on the SCell after T3
· For FR1, the above requirement also applies to “unknown PUCCH SCell with invalid TA” if one of the following conditions is met:
· ‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or 
·  ‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation
· For FR2, if L1-RSRP report is followed by RRC reconfiguration for PUCCH-SpatialRelationInfo update based on the report during the activation procedure, an additional delay is expected
Proposal 5: For unknown PUCCH SCell with an invalid TA, the single SCell activation requirements in terms of activation delay and interruption are defined as follows:
· Starting point of interruption window is the same as legacy SCell activation requirement
· Activation delay = T0 + T1 + T2 + T3, where
· T0: 
· If semi-persistent CSI-RS is used for CSI reporting, 
· If periodic CSI-RS is used for CSI reporting, 
· T1: the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell
· T2: the delay for obtaining a valid TA command for the sTAG
· T3: the delay for applying the received TA for uplink transmission
· PDCCH triggering CF-RA shall be after UE finishes processing the last activation command for TCI
· CSI of the PUCCH SCell is reported on the SCell after T3
· For FR2, if L1-RSRP report is followed by RRC reconfiguration for PUCCH-SpatialRelationInfo update based on the report during the activation procedure, an additional delay is expected
· For FR1, the above requirement applies only when none of the following conditions is met:
· ‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or 
·  ‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation

image1.png
Inter-band

fine timeffreq
acquisition

”"” $5B burst I COLRS resources
for acquisition

SSB-id associated Starting point of
Detected SSB | ith, activated TCI [Nt IR0 s

MACCE
port

HARQ-ACK

g
ET
4

PEPT LY

To-be-activated !

7 '
'
'
'

scell . 3 ; ; 1
o< H

13ms Tryesss yaxt Te 12ms ! H

| - . .

i () |

Tharg 1 Tactivation time VTest Reporting 1

SCell activation time




image2.png
Inter-band

fine AGC
acquisition

fine timeffreq
acquisition

SCell activation

MACCE
HARQ-ACK

PCell

o)
Sle—
ot
Ei

PP LY

5
8
2,
l

To-be-activated

PUCCH SCell i T
I '

1305 Tpeessppad T 1 2m5 1

T,

wcevation ime Test roporting!

Tuarg

PUCCH SCell activation time




image3.png
Inter-band

fine timeffreq
acquisition

RRC
SCell addition
MACCE

SCell activation
HARQ-ACK

PCell

!

To-be-activated !

7 '
'
'
'

scell ; ;

e

1305 Tpeessppad T 1 2ms 1
i

\
I
I
)
T, T, |

aceivaion cime West raporeing

Tuarg

PUCCH SCell activation time




image4.png
Inter-band

PCell

To-be-activated
PUCCH SCell

fine timeffreq
acquisition

:
< =]
= ®
5 owg il
2 u% ; ~ ~
o 23 g, 3% 3
3 — —
E3y =4 %T oE 5
Slot#n 1 o [*] = 5
! 2% & z s~
1 | 23 s 2z g -
S35 & 5%
) TP . \ ;
T T T a a ™ T
1
135 Tripsesss past T 12ms ! T1 ' T2 1 T3 : |
D ——
d
Tuarg Tactivation _time ' Test reporting,

PUCCH SCell activation time




image5.png
fine timeffreq
acquisition

<«
MOV-DHVH

22n0524SY-15D dS.

<«
YOV-DHVH

—>
puewwos

uoneanoe D1

Ji0da)
Sy T

-«
MOV-DHVH

uonealpul DL
Supnpul LON
—>
uoneane RS
DOVIN

—>

uopippe [P35
R

PCell

B
H
g
2
&
il

—--------- --
240d33 15 N
<
g
Ve
o
€
S -
_ ¥
(07T DA HOad
= &
= £
<+«
HOVYd-9D
S
=1 ¢|5 |=
........ > - £
HOVYd-43 #opio ile
(0 TDA) HDad| N | F
="
......... e
&
= g
= | i
......... v e
=
HE
= | ¢ o
=& g
5 5
<
s
......... K- | E
— 5]
= 8
o
© =
B :
& £
- g
= &
B
=
IIIIII Y
Tm
=
= 1:
k
e
K
)
s
E
......... @
£
&
5

3
T
S
S
=]
&

PUCCH SCell activation time:





3GPP TSG


-


RAN WG4 Meeting #


 


98


-


bis


-


e 


 


 


R4


-


2107290


 


Electronic Meeting, Apr. 12


-


20, 2021


 


Agenda Item:


 


8.4.2.3


 


Source: 


 


 


Qualcomm Incorporated


 


Title: 


 


 


 


Discussion on PUCCH SCell Activation


 


Document for:


 


Discussion


 


1.


 


Introduction


 


We 


provide


 


analyses on applicability of PUCCH SCell requirements based on deployment scenarios and specifications.


 


And PUCCH SCell activation sequences for different conditions are presented. Based on the presented activation 


sequences, PUCCH SCell activation


 


requirements are proposed.


 


2. 


 


Discussion


 


Applicability of 


PUCCH SCell


 


R


equirements


 


A dual


-


PUCCH is expected to be more relevant and prevalent in non co


-


located


 


deployment scenarios for which intra


-


band MRTD/MTTD requirements are not defined. Besides, as per procedures for UE configured with dual PUCCH group 


in RAN1 spec (Clause 9 of TS38.213) and UE capability of 


parallelTxSRS


-


PUCCH


-


PUSCH


 


defined only for inter


-


band, 


PUCCH SCell and PCell should be in different bands, i.e. given that a parallel UL transmission of SRS and 


PUCCH/PUSCH across CCs in a band is not even in the list of UE capabilities, it can be said that a simultaneous 


transmis


sion of  PUCCH/PUSCH and PUCCH/PUCCH across PUCCH groups, which should be supported for dual 


PUCCH group, can’t be supported for intra


-


band CA.


 


For PUCCH SCell without a valid TA, it is a valid scenario only when UE is capable of more than one TAG since PC


ell 


TA (pTAG) should be assumed valid once MAC


-


CE based SCell activation command is received by the UE.


 


For unknown PUCCH SCell with a valid TA, it is an invalid scenario because the serving cell that can transmit PRACH 


in the secondary PUCCH group should 


be the PUCCH SCell.


 


Proposal 


1


: PUCCH SCell activation requirements 


are applicable 


only to the following cases:


 


o


 


the PUCCH SCell is in 


a 


different band from SpCell band


 


o


 


for invalid TA


,


 


UEs 


capable of 


more than one TAG


 


o


 


for unknown PUCCH SCell, TA shall be as


sumed invalid


 


 


There are three different beam correspondence capabilities:


 


•


 


beamCorrespondenceWithoutUL


-


BeamSweeping


 


•


 


beamCorrespondenceSSB


-


based


-


r16


 


•


 


beamCorrespondenceCSI


-


RS


-


based


-


r16


 


UEs supporting none of the first two capabilities require SRS


-


based UL beam sweeping. And subsequently, 


PUCCH


-


SpatialRelationInfo


 


may have to be updated accordingly, which requires additional RRC reconfiguration for PUCCH 


SCell, hence, a large total FR2 PU


CCH SCell activation latency. With this observation, we propose to define FR2 SCell 


activation requirement only for UEs supporting at least one of the first two capabilities.


 


Proposal 


2


: 


For UEs not supporting one of the following capabilities, FR2 PUCCH S


Cell (de)activation 


requirements are not defined.


 


o


 


beamCorrespondenceWithoutUL


-


BeamSweeping


 


o


 


beamCorrespondenceSSB


-


based


-


r16


 


 


PUCCH SCell Activation 


Requirements


 


for 


K


nown PUCCH SCell with a 


V


alid TA


 




3GPP TSG - RAN WG4 Meeting #   98 - bis - e      R4 - 2107290   Electronic Meeting, Apr. 12 - 20, 2021   Agenda Item:   8.4.2.3   Source:      Qualcomm Incorporated   Title:        Discussion on PUCCH SCell Activation   Document for:   Discussion   1.   Introduction   We  provide   analyses on applicability of PUCCH SCell requirements based on deployment scenarios and specifications.   And PUCCH SCell activation sequences for different conditions are presented. Based on the presented activation  sequences, PUCCH SCell activation   requirements are proposed.   2.    Discussion   Applicability of  PUCCH SCell   R equirements   A dual - PUCCH is expected to be more relevant and prevalent in non co - located   deployment scenarios for which intra - band MRTD/MTTD requirements are not defined. Besides, as per procedures for UE configured with dual PUCCH group  in RAN1 spec (Clause 9 of TS38.213) and UE capability of  parallelTxSRS - PUCCH - PUSCH   defined only for inter - band,  PUCCH SCell and PCell should be in different bands, i.e. given that a parallel UL transmission of SRS and  PUCCH/PUSCH across CCs in a band is not even in the list of UE capabilities, it can be said that a simultaneous  transmis sion of  PUCCH/PUSCH and PUCCH/PUCCH across PUCCH groups, which should be supported for dual  PUCCH group, can’t be supported for intra - band CA.   For PUCCH SCell without a valid TA, it is a valid scenario only when UE is capable of more than one TAG since PC ell  TA (pTAG) should be assumed valid once MAC - CE based SCell activation command is received by the UE.   For unknown PUCCH SCell with a valid TA, it is an invalid scenario because the serving cell that can transmit PRACH  in the secondary PUCCH group should  be the PUCCH SCell.   Proposal  1 : PUCCH SCell activation requirements  are applicable  only to the following cases:   o   the PUCCH SCell is in  a  different band from SpCell band   o   for invalid TA ,   UEs  capable of  more than one TAG   o   for unknown PUCCH SCell, TA shall be as sumed invalid     There are three different beam correspondence capabilities:   •   beamCorrespondenceWithoutUL - BeamSweeping   •   beamCorrespondenceSSB - based - r16   •   beamCorrespondenceCSI - RS - based - r16   UEs supporting none of the first two capabilities require SRS - based UL beam sweeping. And subsequently,  PUCCH - SpatialRelationInfo   may have to be updated accordingly, which requires additional RRC reconfiguration for PUCCH  SCell, hence, a large total FR2 PU CCH SCell activation latency. With this observation, we propose to define FR2 SCell  activation requirement only for UEs supporting at least one of the first two capabilities.   Proposal  2 :  For UEs not supporting one of the following capabilities, FR2 PUCCH S Cell (de)activation  requirements are not defined.   o   beamCorrespondenceWithoutUL - BeamSweeping   o   beamCorrespondenceSSB - based - r16     PUCCH SCell Activation  Requirements   for  K nown PUCCH SCell with a  V alid TA  

