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1. Introduction
In last RAN4 meeting, the RRM requirement for PUCCH SCell activation and deactivation has been discussed and the conclusions were captured in the WF[1]. However, there are couple of open issues from last meeting, and in this contribution, we continue discussing the RRM requirement for PUCCH SCell activation.
2. Discussion on general part of PUCCH SCell activation
In [1], there were couple of open issues on general part for PUCCH SCell activation, and we discuss those issues in this section.
2.1 CSI report of PUCCH SCell
In [1] the open issue of CSI report of PUCCH SCell is:
	· Issue 1-1-1: The ending point of PUCCH SCell activation?
· The ending point for valid TA case: 
· Option 1: (QC, Ericsson, Huawei, Xiaomi, Apple, NEC, Nokia, ZTE, OPPO, MTK)
· For valid TA case, the ending point of PUCCH SCell activation should be the point when UE transmit valid CSI report on target PUCCH SCell. 
· Option 2: (NTT DOCOMO, CATT)
· For valid TA case, the ending point of PUCCH SCell activation is the point when UE transmit valid CSI report on a certain cell (SpCell or PUCCH SCell or others, i.e. not to define which cell is used).
· The ending point for invalid TA case: 
· Option 1: (QC, Ericsson, NTT DOCOMO, Huawei, Xiaomi, Apple, NEC, ZTE, OPPO, MTK)
· For invalid TA case, the ending point of PUCCH SCell activation should be the point when UE transmit valid CSI report on target PUCCH SCell. 
· Option 2: (CATT)
· For invalid TA case, the ending point of PUCCH SCell activation should be the point when UE transmit PRACH on target PUCCH SCell.
· Option 3: (Nokia)
· Depends on if the UE has transmitted the CSI reporting e.g. to inform network the beam information during the activation period. 



In the PUCCH SCell activation requirement of LTE (TS36.133 as below), the ending point is when valid CQI is reported via SCell PUCCH as below. 
[image: Graphical user interface, text, application, email

Description automatically generated]
[image: Text

Description automatically generated]
For NR, in RAN1, the cross PUCCH group CSI reporting is not allowed, so the CSI report in this case can only be reported via PUCCH of target SCell. Furthermore, in RAN2 definition, the PUCCH shall be ready to be used when PUCCH SCell is activated, but in invalid TA case, transmitting PRACH on PUCCH of target SCell cannot mean that PUCCH is ready to use since UE needs RAR to acquire the timing for PUCCH transmission. Thus, similar as LTE, the PUCCH SCell activation requirement shall consider the scenario when CSI report of PUCCH SCell is transmitted on PUCCH SCell to be activated for both valid and invalid TA case.
Proposal 1: The ending point of PUCCH SCell activation should be the point when UE transmit valid CSI report on target PUCCH SCell, for both valid TA and invalid TA cases.
2.2 Beam information during PUCCH SCell activation
In FR2 PUCCH SCell activation, the conclusions on beam information are as below,
	· Issue 1-1-3: Whether the beam information (SSB index) of PUCCH Scell is needed to be indicated to NW?
· If the target PUCCH Scell is known, no need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA, i.e., no additional SSB based beam measurement is needed.
· If the target PUCCH Scell is unknown cell in FR2:
· If there is at least one active serving cell on that FR2 band (following the same conditions in TS38.133 section 8.3.2 for intra-band FR2 Scell activation), no need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· If there is no active serving cell on that FR2 band, need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· If the target PUCCH Scell is unknown cell in FR1:
· Option 1: (QC, Ericsson, NTT DOCOMO, Huawei, vivo, Xiaomi, Apple, NEC, CATT, ZTE, OPPO, MTK)
· If it is contiguous to an active serving cell in the same band (following the same conditions in TS38.133 section 8.3.2 for intra-band contiguous FR1 Scell activation), no need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· If there is no contiguous active serving cell on that FR1 band, need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· Option 2: (Nokia)
· No need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA, i.e., no additional SSB based beam measurement is needed.
· FFS: 
· “need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA” doesn’t necessarily mean it is always possible for all cases, i.e. there can be cases where DL beam (SSB index) indication can’t be reported to the serving cell due to UE behavior for PUCCH grouping specified by RAN1/2.
· FFS: this issue is for invalid TA case only. 



For beam information, there are three parts we need to think of:
(1) The beam information for network to select associated SSB for RACH occasion
(2) The beam information for network to determine the TCI for PDCCH/PDSCH/CSI for target SCell
(3) The UL spatial relation for UE to determine the uplink beam for PUCCH
In RAN2 MAC spec TS38.321, it was defined that the RACH procedure on an SCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000, and the UE behavior is also defined as:
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Furthermore, in TS38.212, the DCI 1_0 scrambled by C-RNTI is specified as below,
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Thus, it means network needs to know which SSB is the best/suitable one to associate with the RACH occasion. We think it shall consider two different scenarios: known PUCCH SCell case and unknown PUCCH SCell case. The FR1/FR2 known cell condition has been defined in TS38.133 section 8.3.2. Since here the beam information is needed for network to determine the associated SSB for RO and network may use the corresponding Rx beam to receive the CFRA preamble from UE, this beam information shall be considered for both FR1 (network side may also have Rx beamforming) and FR2. 
Proposal 2: The beam information for network to determine the associated SSB for PDCCH triggered RACH occasion shall be considered for both FR1 and FR2 cases.
If the being-activated PUCCH SCell is known, network is aware of the SSB based measurement results and can directly determine the associated SSB for the PDCCH triggered RACH occasion and no additional SSB based beam measurement is needed for associated SSB determination. Otherwise, if the being-activated PUCCH SCell is unknown, there are some sub-cases to be considered:
· The unknown PUCCH SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band: following the same conditions in TS38.133 section 8.3.2 for intra-band FR2 SCell activation, no additional beam measurement is needed for associated SSB determination.
· The unknown PUCCH SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band: additional beam measurement is needed for associated SSB determination for RO. In legacy FR2 SCell activation for this case, RAN4 defined L1-RSRP measurement and reporting during the SCell activation delay. 
· The unknown PUCCH SCell being activated belongs to FR1 and it is contiguous to an active serving cell in the same band: following the same conditions in TS38.133 section 8.3.2 for intra-band contiguous FR1 SCell activation, no additional beam measurement is needed for associated SSB determination.
· The unknown PUCCH SCell being activated belongs to FR1 and if there is no contiguous active serving cell on that FR1 band: additional beam measurement is needed for associated SSB determination for RO. In legacy FR1 SCell activation for this case, RAN4 did not define L1-RSRP measurement and reporting during the SCell activation delay, however, in order to determine the associated SSB for RO in FR1 PUCCH SCell activation, the L1-RSRP measurement/reporting in PUCCH SCell activation based on SSB on the target PUCCH SCell is needed.
Proposal 3:
If the target PUCCH Scell is known, no need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA, i.e., no additional SSB based beam measurement is needed.
If the target PUCCH Scell is unknown cell in FR2:
· If there is at least one active serving cell on that FR2 band (following the same conditions in TS38.133 section 8.3.2 for intra-band FR2 Scell activation), no need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· If there is no active serving cell on that FR2 band, need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
If the target PUCCH Scell is unknown cell in FR1:
· If it is contiguous to an active serving cell in the same band (following the same conditions in TS38.133 section 8.3.2 for intra-band contiguous FR1 Scell activation), no need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· If there is no contiguous active serving cell on that FR1 band, need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
Even though the SSB index is needed only when PDCCH triggered RACH is needed, that is, SSB index is needed for network for invalid TA case. However, even for valid TA case, the beam information shall be also used for TCI for PDCCH/PDSCH/CSI of target SCell in FR1/FR2 and uplink beam for PUCCH in FR2.
This is the spatial information for target PUCCH and it’s not related with timing information, so this beam information shall be indicated to NW for both valid TA and invalid TA cases.
Proposal 4: beam information of PUCCH SCell is needed to be indicated to NW for both valid and invalid TA cases.
However, how to report the beam information to network is another issue 1-1-3b identified in last meeting, 
	· Issue 1-1-3b: If the conclusion of issue 1-1-3 is the beam information of PUCCH Scell is needed to be indicated to NW (maybe in certain cases), how to resolve the indication issue (e.g. the procedure)?
· Option 1: (Huawei)
· Allow UE to use CBRA for PUCCH SCell activation. 
· Option  2: (MTK, QC, Ericsson, CATT)
· The valid case:
· UE may measure the quality of the PUCCH SCell and report the beam information to network via SpCell.
· Network transmits the downlink signals via the beam reported by UE and UE can transmit the uplink signals with valid TA.
· The invalid case:
· UE may measure the quality of the PUCCH SCell and report the beam information to network via SpCell.
· Network will indicate the PDCCH order to UE and then UE will trigger the random access procedure for obtaining the TA command.
· After UE obtain the valid TA, UE may transmit the CSI-reporting on its own PUCCH resource.
· Note: the procedure needs to be confirmed by RAN1/2
· Option 3: (Apple)
· Not define the PUCCH SCell activation requirement for unknown cell case. 
· Option 4: (Huawei, Apple, Nokia, NTT DOCOMO, ZTE, CATT, MTK)
· Send LS to RAN1/RAN2 asking for the feasible solutions for transmitting beam information during activating a PUCCH SCell.
· Option 5: (vivo, NEC, OPPO)
· Need further check



Based on the PUCCH group definition, the CSI reporting cross PUCCH group is not supported in 3GPP. In TS38.214, the CSI definition is as in the following table, and both SSBRI and L1-RSRP is CSI. Thus, L1-RSRP can neither be reported via PCell PUCCH to network, and that means, neither TCI for PDCCH/PDSCH/CSI for target SCell nor UL spatial relation for UE to determine the uplink beam for PUCCH would be problematic without such beam information report (CSI report). 
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Description automatically generated] In order to address this issue, we prefer to not change RAN1 or RAN2 for existing flow of CSI reporting or RACH type since this HO with PUCCH is a R15 feature in RAN1/2, and there might be some alternatives to address this CSI reporting issue, e.g.,
· Alt 1: using L3 measurement report of PUCCH SCell via SpCell PUSCH
· Alt 2: Not define the requirement for the unknown PUCCH SCell activation
Using alt 1 (periodic L3 measurement report of PUCCH SCell via PCell PUSCH) which can also provide SSB beam information for network to determine the associated SSB for the PDCCH order based CFRA, or we may directly skip the requirement for this unknown PUCCH SCell activation since we did not see strong motivation/benefit to blindly activate such unknown SCell. However, we understand that companies may have different views on RAN1/2 definitions, and therefore if we cannot conclude on any solution in RAN4 we are open to send LS to RAN1/2 for clarification of this CSI reporting during PUCCH SCell activation.
Proposal 5: discuss if RAN4 could have conclusion on how to indicate beam information of PUCCH SCell to network during PUCCH SCell activation, following alternative solutions are considered:
· Alt 1: using L3 measurement report of PUCCH SCell via SpCell PUSCH
· Alt 2: Not define the requirement for the unknown PUCCH SCell activation
RAN4 sends LS to RAN1/2 for clarification on this issue only when the solutions could not be concluded in RAN4.
Regarding the L1-RSRP reporting, in last meeting we had following options:
	· Issue 1-1-4: Which cell is the L1-RSRP reporting transmitted for PUCCH SCell activation?
· Option 1:  (QC, Ericsson, vivo, Xiaomi, CATT, ZTE)
· L1-RSRP report is transmitted on the SpCell if L1-RSRP report is needed.
· Option 2: (Huawei, Apple, NTT DOCOMO, CATT)
· Depends on the conclusion in issue 1-1-3
· Option 3: (NEC, vivo)
· Need further study
· Option 4: (Nokia, ZTE)
· Could be part of the LS in 1-1-3b for more inputs from RAN1/2.


As we analyzed above, L1-RSRP is also one type of CSI, and therefore L1-RSRP of PUCCH SCell can neither be reported via SpCell PUCCH. If the target SCell is known, L1-RSRP report is not needed since the measurement report before activation already provided such information to network. However, if the target SCell is unknown, the L1-RSRP issue could be handled in the same way as beam information reporting issue in issue 1-1-3b. 
Proposal 6: same solution of beam reporting in issue 1-1-3b shall be applied to L1-RSRP reporting of target PUCCH SCell during unknown PUCCH SCell activation.
Regarding the uplink spatial relation, in last meeting we had following options:
	· Issue 1-1-5-1: Whether the UL spatial relation is needed for PUCCH SCell activation for valid TA case?
· Option 1:  (QC, Ericsson, NTT DOCOMO, Huawei, vivo, Xiaomi, Apple, NEC, Nokia, ZTE, MTK)
· The UL spatial relation of PUCCH on target being-activated SCell should be considered for PUCCH SCell activation in FR2 only.
· the time uncertainty of the MAC CE for UL spatial relation activation of PUCCH in target being-activated SCell shall be defined in the baseline FR2 SCell activation delay part (Tactivate_basic). Details are FFS
· Option 3:  (CATT)
· Depending on issue 1-1-1. If the ending point is defined at the point when UE transmit PRACH on target PUCCH SCell, the PUCCH spatial relation is not needed for PUCCH SCell activation.
· Issue 1-1-5-2: Whether the UL spatial relation is needed for PUCCH SCell activation for invalid TA case?
· Option 1:  (QC, Ericsson, NTT DOCOMO, Huawei, vivo, Xiaomi, Apple, NEC, Nokia, ZTE)
· The UL spatial relation of PUCCH on target being-activated SCell should be considered for PUCCH SCell activation in FR2 only.
· the time uncertainty of the MAC CE for UL spatial relation activation of PUCCH in target being-activated SCell shall be defined in the baseline FR2 SCell activation delay part (Tactivate_basic). Details are FFS
· Option 2: (MTK)
· No
· Option 3:  (CATT)
· Depending on issue 1-1-1. If the ending point is defined at the point when UE transmit PRACH on target PUCCH SCell, the PUCCH spatial relation is not needed for PUCCH SCell activation.



The UL spatial relation, for UE to determine the uplink beam for PUCCH, shall be considered during the PUCCH SCell activation. As in proposal 1, the SCell PUCCH shall be used for CQI reporting during the activation procedure, so, that means the PUCCH shall be ready to use when UE completes the PUCCH SCell activation. However, it’s necessary to differentiate the FR1 and FR2 cases here. In FR1 the UL spatial relation of PUCCH on target being-activated SCell is not needed, while in FR2 the UL spatial relation should be considered for PUCCH SCell activation. 
However, the UL spatial relation activation for PUCCH is carried on a different MAC CE command from the SCell activation MAC, PDCCH/PDSCH activation, or SP-CSI reporting activation, and this new MAC CE for UL spatial relation activation shall be also taken into account in the baseline activation delay. Accordingly, the time uncertainty of the MAC CE for UL spatial relation activation shall be defined in the baseline FR2 SCell activation delay.
Since PUCCH uplink spatial relation is needed for PUCCH transmission on spatial domain, it’s irrelevant with whether TA is valid or not.
Proposal 7: For both valid TA and invalid TA cases in PUCCH SCell activation:  
· the UL spatial relation of PUCCH on target being-activated SCell should be considered for PUCCH SCell activation in FR2 only.
· the time uncertainty of the MAC CE for UL spatial relation activation of PUCCH in target being-activated SCell shall be defined in the baseline FR2 SCell activation delay part (Tactivate_basic). Details are FFS.

Regarding the UE capability for FR2 PUCCH SCell (de)activation requirements, in last meeting we had following options:
	· Issue 1-1-7: UE capability for FR2 PUCCH SCell (de)activation requirements?
· Option 1:  (Qualcomm, NTT DOCOMO)
· For UEs not supporting one of the following capabilities, FR2 PUCCH SCell (de)activation requirements are not defined.
· beamCorrespondenceWithoutUL-BeamSweeping
· beamCorrespondenceSSB-based-r16. 
· Option 2: (Apple, Huawei, ZTE, OPPO, vivo, Nokia, MTK, CATT)
· Need more discussion



In TS38.306, the beamCorrespondenceWithoutUL-BeamSweeping is a R15 UE capability for beam correspondence, and it’s also used as the side condition of applicability for uplink spatial relation switching requirement. However, the beamCorrespondenceSSB-based-r16 is a R16 feature, and in TS38.306 it defined that when UE supports neither beamCorrespondenceSSB-based-r16 nor beamCorrespondenceCSI-RS-based-r16, gNB can expect the UE to fulfil beam correspondence based on Rel-15 beam correspondence requirements. beamCorrespondenceSSB-based-r16 capability can provide better beam correspondence performance based on SSB, but R15 beam correspondence performance shall still be guaranteed as long as UE supports beamCorrespondenceWithoutUL-BeamSweeping.
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Even if UE needs beam correspondence for PDCCH triggered RACH based on SSB measurement, the R15 capability can also support this CFRA function. So, in our understanding, that means the PUCCH SCell activation requirement applicability is up to beamCorrespondenceWithoutUL-BeamSweeping.
Proposal 8: For UEs not supporting beamCorrespondenceWithoutUL-BeamSweeping, FR2 PUCCH SCell (de)activation requirements are not defined.

3. Activation requirement for PUCCH SCell
In last meeting, the conclusions for valid TA case are as below,
	· Issue 1-2 PUCCH Scell activation delay requirement for valid TA case
· Option 1:  (Xiaomi, OPPO, CMCC, Ericsson, NTT DOCOMO, vivo, Nokia, CATT)
· Reuse the Rel-15 SCell activation delay requirement which is (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length).
· Option 2: (Apple, Huawei, Xiaomi, ZTE, QC)
· In FR1, reuse the Rel-15 SCell activation delay requirement which is (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length). 
· In FR2, use normal SCell activation delay (i.e., (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length);) in TS38.133 section 8.3.2 as baseline, but the time uncertainty of the MAC CE for UL spatial relation activation of PUCCH in target being-activated SCell shall be considered in the baseline Tactivation_time.
· Option 3:  (MTK, NEC)
· Wait for the conclusions of other open issues. 



If the TA is valid for PUCCH SCell at UE, the TA acquisition time is not needed, but UE still needs the UL spatial relation activation for the PUCCH on the target being-activated SCell for FR2 case. Thus, when the TA associated with target PUCCH SCell is valid, the PUCCH SCell activation delay in FR1 could be as same as normal SCell activation delay in TS38.133 section 8.3.2; while the PUCCH SCell activation delay in FR2 could use normal SCell activation delay in TS38.133 section 8.3.2 as baseline, and the time uncertainty of the MAC CE for UL spatial relation activation of PUCCH in target being-activated SCell shall be considered in the baseline FR2 SCell activation delay part.
Proposal 9: Regarding PUCCH Scell activation delay requirement for valid TA case,
· In FR1, reuse the Rel-15 SCell activation delay requirement which is (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length). 
· In FR2, use normal SCell activation delay (i.e., (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length);) in TS38.133 section 8.3.2 as baseline, but the time uncertainty of the MAC CE for UL spatial relation activation of PUCCH in target being-activated SCell shall be considered in the baseline Tactivation_time.

The conclusions of invalid TA case from last meeting were:
	· Issue 1-3-1: The PUCCH SCell activation requirements for invalid TA case
· Option 1: (Apple, Xiaomi, OPPO, CMCC, NTT DOCOMO, vivo, MTK)
· If UE does not have the valid TA on the PUCCH SCell being activated, an additional UL synchronization procedure to obtain the valid TA shall be considered which including the following factors:
· the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell (T1);
· the delay for obtaining a valid TA command for the sTAG to which the SCell configured with PUCCH belongs (T2);
· the delay for applying the received TA for uplink transmission (T3)
· Option 2: (CATT)
· Only T1 (The delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell) need to be considered
· Option 3: (Ericsson, Nokia, NEC, Huawei)
· Depending on the conclusions of other open issues. FFS. 



When the TA is not valid for PUCCH SCell, UE needs to acquire the TA info during the PUCCH activation. In LTE, additional delay for TA acquisition consists of three parts:
- LTE T1 is the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell. T1 is up to 25 subframes and the actual value of T1 shall depend upon the PRACH configuration used in the PUCCH SCell.
- LTE T2 is the delay for obtaining a valid TA command for the sTAG to which the SCell configured with PUCCH belongs. T2 is up to 13 subframes.
- LTE T3 is the delay for applying the received TA for uplink transmission. T3 is 6 subframes.
In NR PUCCH SCell activation with invalid TA, those three additional delay parts are still needed for TA acquisition. But the value for each part shall be revisited based on NR UE capability/configuration.
Proposal 10: Regarding the PUCCH SCell activation requirements for invalid TA case,
· If UE does not have the valid TA on the PUCCH SCell being activated, an additional UL synchronization procedure to obtain the valid TA shall be considered which including the following factors:
· the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell (T1);
· the delay for obtaining a valid TA command for the sTAG to which the SCell configured with PUCCH belongs (T2);
· the delay for applying the received TA for uplink transmission (T3)

In NR handover requirement, the uncertainty delay of RACH occasion is defined as,
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So, the T1 for NR PUCCH SCell activation could be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
Proposal 11: In NR PUCCH SCell activation delay requirement with invalid TA, T1 is the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell. T1 is up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
T2 in LTE is up to the RAR window position on time domain, and it’s up to 13ms since RAR window starts 3ms after the PRACH msg1 in LTE and the RAR window length is up to 10ms. In NR direct SCell activation requirement at HO, the T2 is also used for the time uncertainty of RAR/TA-command reception. Since in NR the RAR window is configurable and there is no fixed upper bound for RAR window length, so we could reuse the T2 definition from direct SCell activation requirement at HO.
Proposal 12: In NR PUCCH SCell activation delay requirement with invalid TA, T2 is the delay from slot n + (Tactivate_basic +T1)/NR slot length until UE has obtained a valid TA command for the target PUCCH SCell being activated. Tactivate_basic is the normal SCell activation delay in TS38.133 section 8.3.2. slot n is the slot when UE received PUCCH SCell activation MAC CE.
T3 in NR PUCCH SCell activation requirement is the delay for applying the received TA for uplink transmission on target PUCCH SCell being activated. Similar as in NR direct SCell activation at HO, T3 is greater than or equal to k+1 slot, where k is defined in clause 4.2 in TS 38.213.
Proposal 13: In NR PUCCH SCell activation delay requirement with invalid TA, T3 is the delay for applying the received TA for uplink transmission on target PUCCH SCell being activated, and greater than or equal to k+1 slot, where k is defined in clause 4.2 in TS 38.213.
4. Interruption requirement for PUCCH SCell activation/deactivation
In last meeting, the conclusions for interruption requirements are as below,
	· Issue 1-4-1: Interruption requirements for PUCCH Scell activation in valid TA case
· Reuse the existing requirement for Scell activation in Rel-15.
· Issue 1-4-2: Interruption requirements for PUCCH Scell activation in invalid TA case
· Option 1:  (MTK)
· The interruption requirement shall include the existing requirement for Scell activation in Rel-15. 
· FFS whether to introduce interruption by PRACH transmission due to different SCS. 
· Option 2: (Apple, Xiaomi, ZTE, Ericsson, Nokia, NEC, CATT)
· Reuse the interruption requirement of normal Scell activation. 
· Option 3:  (Huawei, QC, OPPO)
· FFS after the additional delay are clearly defined



In invalid TA case, the CFRA is used on target PUCCH SCell, and if SCell RACH has different SCS from the PCell data/control channel, the UE capability of diffNumerologyAcrossPUCCH-Group shall be considered. In TS38.306, it defined that,
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The additional interruption shall be considered for PUCCH SCell activation with invalid TA, when target PUCCH SCell RACH has different SCS from spCell data/control channel and UE does not support diffNumerologyAcrossPUCCH-Group.

Proposal 14: regarding interruption requirements for PUCCH Scell activation in invalid TA case:
· The interruption requirement shall include the existing requirement for Scell activation in Rel-15. 
· Introduce additional interruption by PRACH transmission when target PUCCH SCell RACH has different SCS from spCell data/control channel and UE does not support diffNumerologyAcrossPUCCH-Group.
5. Applicability of PUCCH Scell activation requirements
Regarding the applicability of PUCCH SCell activation requirement, the LTE conditions could also be used as baseline, as duplicated as below,
	The above delay requirement (Tdelay_PUCCH SCell) shall apply provided that:
- The UE has received a PDCCH order to initiate RA procedure on the PUCCH SCell within Tactivate_basic otherwise additional delay to activate the SCell is expected; and
- The RA on PUCCH SCell is not interrupted by the RA on PCell otherwise additional delay to activate the SCell is expected; and
- No SRS carrier based switching occurs during the SCell activation procedure otherwise the PUCCH SCell activation delay (Tdelay_PUCCH SCell) can be extended.


In NR PUCCH SCell activation requirement, it’s also necessary to assume that UE has received a PDCCH order to initiate RA procedure on the PUCCH SCell within Tactivate_basic otherwise additional delay to activate the SCell is expected. 
In LTE applicability requirement, the RA colliding between PCell and target PUCCH SCell would also delay the completion of PUCCH SCell activation, however, dual RACH on PCell and SCell is not an issue to NR anymore with help of RAN1 power allocation design, and it’s also reflected in the NR PSCell addition requirement in TS38.133 section 8.9.2.
In LTE spec, only the possible interruption from SRS carrier based switching is considered to extend the PUCCH SCell activation delay, however, in NR there are many factors that can cause interruption to the PUCCH SCell activation, e.g. SRS carrier switching, BWP switching, CGI reading with autonomous gap, and etc. The target PUCCH SCell could be NR SCell in EN-DC, or in standalone NR carrier aggregation, or in NE-DC, or in NR-DC, and the interruption causes for different NR operation mode is summarized as,

· The causes of interruption in EN-DC is specified in TS38.133 section 8.2.1.1.
· The causes of interruption in NR SA is specified in TS38.133 section 8.2.2.1.
· The causes of interruption in NE-DC is specified in TS38.133 section 8.2.3.1.
· The causes of interruption in NR-DC is specified in TS38.133 section 8.2.4.1.
In addition, for a UE which does not support per-FR measurement gap, interruptions to the PCell and activated SCell may be caused by SCells on any frequency range. For a UE which supports per-FR gaps, interruptions to PCell and activated SCell may be caused by SCells on the same frequency range as the victim cell. Here, if UE can support per-FR MG, interruptions from the same FR may extend the PUCCH SCell activation delay; otherwise, if UE cannot support per-FR MG, all interruption may extend the PUCCH SCell activation delay. So, we propose that,
Proposal 15: The PUCCH SCell activation delay requirement shall apply provided that,
· The UE has received a PDCCH order to initiate RA procedure on the PUCCH SCell within Tactivate_basic otherwise additional delay to activate the SCell is expected; and
· No interruption occurs in same FR as the target PUCCH SCell during the SCell activation procedure if UE supports per-FR MG, otherwise the PUCCH SCell activation delay can be extended, and
· No interruption occurs during the SCell activation procedure if UE does not support per-FR MG, otherwise the PUCCH SCell activation delay can be extended.
The above interruption is caused by factor defined in TS38.133 section 8.2.1.1 for EN-DC, in TS38.133 section 8.2.2.1 for NR SA, in TS38.133 section 8.2.3.1 for NE-DC and in TS38.133 section 8.2.4.1 for NR-DC.
6. Conclusion
In this contribution we discuss the preliminary RRM requirements for PUCCH SCell activation/deactivation, including valid TA and invalid TA cases.
Proposal 1: The ending point of PUCCH SCell activation should be the point when UE transmit valid CSI report on target PUCCH SCell, for both valid TA and invalid TA cases.
Proposal 2: The beam information for network to determine the associated SSB for PDCCH triggered RACH occasion shall be considered for both FR1 and FR2 cases.
Proposal 3:
If the target PUCCH Scell is known, no need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA, i.e., no additional SSB based beam measurement is needed.
If the target PUCCH Scell is unknown cell in FR2:
· If there is at least one active serving cell on that FR2 band (following the same conditions in TS38.133 section 8.3.2 for intra-band FR2 Scell activation), no need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· If there is no active serving cell on that FR2 band, need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
If the target PUCCH Scell is unknown cell in FR1:
· If it is contiguous to an active serving cell in the same band (following the same conditions in TS38.133 section 8.3.2 for intra-band contiguous FR1 Scell activation), no need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· If there is no contiguous active serving cell on that FR1 band, need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
Proposal 4: beam information of PUCCH SCell is needed to be indicated to NW for both valid and invalid TA cases.
Proposal 5: discuss if RAN4 could have conclusion on how to indicate beam information of PUCCH SCell to network during PUCCH SCell activation, following alternative solutions are considered:
· Alt 1: using L3 measurement report of PUCCH SCell via SpCell PUSCH
· Alt 2: Not define the requirement for the unknown PUCCH SCell activation
RAN4 sends LS to RAN1/2 for clarification on this issue only when the solutions could not be concluded in RAN4.
Proposal 6: same solution of beam reporting in issue 1-1-3b shall be applied to L1-RSRP reporting of target PUCCH SCell during unknown PUCCH SCell activation.
Proposal 7: For both valid TA and invalid TA cases in PUCCH SCell activation:  
· the UL spatial relation of PUCCH on target being-activated SCell should be considered for PUCCH SCell activation in FR2 only.
· the time uncertainty of the MAC CE for UL spatial relation activation of PUCCH in target being-activated SCell shall be defined in the baseline FR2 SCell activation delay part (Tactivate_basic). Details are FFS.

Proposal 8: For UEs not supporting beamCorrespondenceWithoutUL-BeamSweeping, FR2 PUCCH SCell (de)activation requirements are not defined.
Proposal 9: Regarding PUCCH Scell activation delay requirement for valid TA case,
· In FR1, reuse the Rel-15 SCell activation delay requirement which is (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length). 
· In FR2, use normal SCell activation delay (i.e., (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length);) in TS38.133 section 8.3.2 as baseline, but the time uncertainty of the MAC CE for UL spatial relation activation of PUCCH in target being-activated SCell shall be considered in the baseline Tactivation_time.

Proposal 10: Regarding the PUCCH SCell activation requirements for invalid TA case,
· If UE does not have the valid TA on the PUCCH SCell being activated, an additional UL synchronization procedure to obtain the valid TA shall be considered which including the following factors:
· the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell (T1);
· the delay for obtaining a valid TA command for the sTAG to which the SCell configured with PUCCH belongs (T2);
· the delay for applying the received TA for uplink transmission (T3)

Proposal 11: In NR PUCCH SCell activation delay requirement with invalid TA, T1 is the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell. T1 is up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
Proposal 12: In NR PUCCH SCell activation delay requirement with invalid TA, T2 is the delay from slot n + (Tactivate_basic +T1)/NR slot length until UE has obtained a valid TA command for the target PUCCH SCell being activated. Tactivate_basic is the normal SCell activation delay in TS38.133 section 8.3.2. slot n is the slot when UE received PUCCH SCell activation MAC CE.
Proposal 13: In NR PUCCH SCell activation delay requirement with invalid TA, T3 is the delay for applying the received TA for uplink transmission on target PUCCH SCell being activated, and greater than or equal to k+1 slot, where k is defined in clause 4.2 in TS 38.213.
Proposal 14: regarding interruption requirements for PUCCH Scell activation in invalid TA case:
· The interruption requirement shall include the existing requirement for Scell activation in Rel-15. 
· Introduce additional interruption by PRACH transmission when target PUCCH SCell RACH has different SCS from spCell data/control channel and UE does not support diffNumerologyAcrossPUCCH-Group.

Proposal 15: The PUCCH SCell activation delay requirement shall apply provided that,
· The UE has received a PDCCH order to initiate RA procedure on the PUCCH SCell within Tactivate_basic otherwise additional delay to activate the SCell is expected; and
· No interruption occurs in same FR as the target PUCCH SCell during the SCell activation procedure if UE supports per-FR MG, otherwise the PUCCH SCell activation delay can be extended, and
· No interruption occurs during the SCell activation procedure if UE does not support per-FR MG, otherwise the PUCCH SCell activation delay can be extended.
The above interruption is caused by factor defined in TS38.133 section 8.2.1.1 for EN-DC, in TS38.133 section 8.2.2.1 for NR SA, in TS38.133 section 8.2.3.1 for NE-DC and in TS38.133 section 8.2.4.1 for NR-DC.
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1> if the ra-Preamblelndex is not 0b000000:
2> set the PREAMBLE_INDEX to the signalled ra-Preamblelndex;
2> select the SSB signalled by PDCCH.
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If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field
are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining
fields set as follows:

- Random Access Preamble index — 6 bits according to ra-Preamblelndex in Clause 5.1.2 of [8, TS38.321]

- UL/SUL indicator — 1 bit. If the value of the "Random Access Preamble index" is not all zeros and if the UE is
configured with supplementaryUplink in ServingCellConfig in the cell, this field indicates which UL carrier in
the cell to transmit the PRACH according to Table 7.3.1.1.1-1; otherwise, this field is reserved

- SS/PBCH index — 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates
the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this
field is reserved.

- PRACH Mask index — 4 bits. If the value of the "Random Access Preamble index" is not all zeros, this field
indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH
transmission, according to Clause 5.1.1 of [8, TS38.321]; otherwise, this field is reserved
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5.2.1 Channel state information framework

The procedures on aperiodic CSI reporting described in this clause assume that the CSI reporting is triggered by DCI
format 0_1, but they equally apply to CSI reporting triggered by DCI format 0_2, by applying the higher layer
parameter reportTriggerSizeDCI-0-2 instead of reportTriggerSize.

The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. CSI may consist
of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH
Block Resource indicator (SSBRI), layer indicator (LI), rank indicator (RI), L1-RSRP or L1-SINR.




image6.png
beamCorrespondenceSSB-based-r16 Band | No | TDD FR2
Indicates whether the UE support for beam correspondence based on SSB has the only only
ability to select its uplink beam based on measurement of SSB. UE indicates
support of this feature indicates support of beamCorrespondence WithoutUL-
BeamSweeping. If a UE supports beam correspondence based on SSB, then the
network can expect the UE to also fulfil Rel-15 beam correspondence requirements.

If UE supports neither beamCorrespondenceSSB-based-r16
nor beamCorrespondenceCSI-RS-based-r16, gNB can expect the UE to fulfil beam
correspondence based on Rel-15 beam correspondence requirements.

beamCorrespondenceWithoutUL-BeamSweeping Band | Yes N/A FR2
Indicates how UE supports FR2 beam correspondence as specified in TS 38.101-2 only
[3], clause 6.6. The UE that fulfils the beam correspondence requirement without
the uplink beam sweeping (as specified in TS 38.101-2 [3], clause 6.6) shall set the
field to supported. The UE that fulfils the beam correspondence requirement with
the uplink beam sweeping (as specified in TS 38.101-2 [3], clause 6.6) shall not
report this field.
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Tu is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. Tiy can be up
to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated
period is defined in the table 8.1-1 of TS 38.213 [3].
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 T margin is time for SSB post-processing. Tmargin can be up to 2ms.   T

IU

 is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. T

IU

 can be up 

to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated 

period is defined in the table 8.1-1 of TS 38.213 [3]. 

 T

rs

 is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for 

the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the 

same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement 

object on this frequency, the requirement in this clause is applied with T

rs

=5ms assuming the SSB transmission 

periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been 

provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, T

rs

 follows smtc1 

or smtc2 according to the physical cell ID of the target cell. 

I n   th e interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during 

th e   last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for 

in tr a -frequency handover and Clause 9.3.4 for inter-frequency handover. 

6.1.1.3  NR FR2- NR FR1 Handover 

Th e   requirements in this clause are applicable to inter-frequency handovers from NR FR2 cell to NR FR1 cell. 

6. 1. 1.3.1  Handover delay 

Wh e n the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new 

up l i nk PRACH channel within D

handover 

 ms from the end of the last TTI containing the RRC command. 

Wh e r

e

: 

D

hando

v

er

 equals the applicable RRC procedure delay defined in clause 12 in TS 38.331 [2] plus the interruption time 

st a t e d in clause 6.1.1.3.2. 

6. 1. 1.3.2  Interruption time 

Th e   interruption time is the time between the end of the last TTI containing the RRC command on the old PDSCH and 

th e  time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. 

Wh en inter-frequency handover is commanded, the interruption time shall be less than T

interrupt

 

 T

interrupt

 = T

search

 + T

IU

 + T

processing 

+ T

 

+ T

margin

 ms 

Wh e r

e

: 

 T

search

 is the time required to search the target cell when the target cell is not already known when the handover 

command is received by the UE. If the target cell is known, then T

search

 = 0 ms. If the target cell is an unknown 

inter-frequency cell and the target cell Es/Iot   -2 dB, then T

search

 = 3* T

rs

 ms. Regardless of whether DRX is in 

use by the UE, T

search

 shall still be based on non-DRX target cell search times. 

 T is time for fine time tracking and acquiring full timing information of the target cell. T = T

rs

.  

 T

processing

 is time for UE processing. T

processing

 can be up to 40ms. 

 T

margin 

is time for SSB post-processing. T

margin 

can be up to 2ms. 

 T

IU

 is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. T

IU

 can be up 

to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated 

period is defined in the table 8.1-1 of TS 38.213 [3]. 

 T

rs

 is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for 

the target cell in the handover command, otherwise T

rs

 is the SMTC configured in the measObjectNR having the 

same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement 

object on this frequency, the requirement in this clause is applied with T

rs

=5ms assuming the SSB transmission 

periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms.  
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d:ffNumeroIogyAcrossPUCCH-Group BC
Indicates whether different numerology across two NR PUCCH groups for data and

control channel at a given time in NR CA and (NG)EN-DC/NE-DC is supported by

the UE.

No

N/A

N/A
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If the UE has a valid TA for transmitting on an SCell then the UE shall be able to transmit valid CSI report and apply
actions related to the SCell activation command as specified in [17] for the SCell being activated fon the PUCCH SCel]

‘Where:

- ATA s considered to be valid provided that the TimeAlignmentTimer [2] assocated with the TAG containing the
PUCCH SCell is running.

- Tactivate_basic is the SCell activation delay as defined in section 7.7.2.
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If the UE does not have a valid TA for transmitting on an SCell then the UE shall be capable to perform downlink
actions related to the SCell activation command as specified in [17] for the SCell being activated on the PUCCH SCell
no later than in subframe 7+ T activate_basic and shall be capable to perform uplink actions related to the SCell activation
command as specified in [17] for the SCell being activated on the PUCCH SCell no later than in subframe

n+Tdelay_pucch scen and shall transmit valid CSI report for the SCell being activated on the PUCCH SCell no later than in
subframe 7+Telay_pucch scenl, Where:

Tdelay_PUCCH SCell = Tactjvate_basic + Tl + TZ + T3




