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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 1-1-0: Whether CSI report of PUCCH SCell is transmitted on PCell or PUCCH SCell to be activated
· Further study the procedures for the following 2 scenarios
· CSI report of PUCCH SCell is transmitted on PUCCH PCell 
· CSI report of PUCCH SCell is transmitted on PUCCH SCell to be activated
· FFS whether to define requirements for both cases.



Whether the CSI reporting is via PCell PUCCH or via SCell PUCCH is up to network configuration. The during the SCell configuration, the CSI measurement configuration could be provided to UE via sCellConfigDedicated, and the CSI report configuration is included in the CSI measurement configuration, duplicated as below
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And the carrier information is defined as below,
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However, in the PUCCH requirement of LTE (TS36.133 as below) the additional time delay for RACH and TA acquisition is added on top of the baseline activation delay, which means that in the PUCCH SCell activation requirement is defined based on the case that CQI is reported via SCell PUCCH. 
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Thus, so 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.
Proposal 1: RAN4 defines the PUCCH SCell activation requirement for the scenario that CSI report of PUCCH SCell is transmitted on PUCCH SCell to be activated.
2.2 Beam information during PUCCH SCell activation
In FR2 PUCCH SCell activation, the conclusions on beam information are as below,
	· Issue 1-1-4: Whether the beam information is needed for NW to initiate the RA for TA updating by a PDCCH order
· The beam information (SSB index) is needed for NW to initiate the PDCCH order to trigger RA
· Issue 1-1-5: Whether the beam information of the PUCCH SCell being activated is needed to be indicated to NW
· Option 1: (Huawei, MTK, Nokia, Xiaomi, OPPO)
· The beam information of the PUCCH SCell being activated is needed to be indicated to NW 
· Option 2:  (Ericsson, Qualcomm, Apple, CATT, NTT DOCOMO)
· Depends on what activation sequence we are assuming.
· Option 3:  (Apple, Qualcomm, NEC)
· Need to differentiate unknown and known cases. 
· Option 4:  (NEC)
· Agree on whether L1-RSRP is transmitted on spCell or SCell first. 
· Option 5: (Ericsson, Nokia, vivo, NEC)
· Need further discussion
· Issue 1-1-6: Whether the UL spatial relation should be considered for PUCCH SCell activation
· Option 1: (Huawei, Ericsson, Qualcomm, NTT DOCOMO, MTK, Apple, Xiaomi, OPPO, Apple, NEC, vivo)
· Yes
· Option 2: (Nokia)
· No
· Option 3: (CATT)
· Need further discussion



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 being-activated 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 being-activated PUCCH SCell is unknown:
· if target SCell 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 need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· if target SCell belongs to FR2 and 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 target SCell 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 need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· if target SCell belongs to FR1 and 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.

The beam information for network to determine the TCI for PDCCH/PDSCH/CSI for target PUCCH SCell could be as same as the legacy DL SCell activation.
Regarding the UL spatial relation for UE to determine the uplink beam for PUCCH, it 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 complete 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.
Proposal 4: the UL spatial relation of PUCCH on target being-activated SCell should be considered for PUCCH SCell activation in FR2 only.
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.
Proposal 5: 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.
3. Activation requirement for PUCCH SCell
In last meeting, the conclusions for valid TA case are as below,
	· Issue 1-2-1: The condition that TA of target PUCCH SCell is valid
· A TA is considered to be valid provided that the TimeAlignmentTimer associated with the TAG containing the PUCCH SCell is running. 
· Issue 1-2-2: The PUCCH SCell activation delay when TA of target PUCCH SCell is valid
· Option 1: (Apple, CATT, Xiaomi, CMCC, NTT DOCOMO, vivo, Nokia, OPPO, Qualcomm, Ericsson, MTK)
· Same as the normal SCell activation delay in TS38.133 section 8.3.2 which is (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length). 
· Option 2: (Huawei, NEC, Ericsson, CATT)
· Related to issue 1-1-6, can be FFS



If the TA is valid for PUCCH SCell at UE, the TA acquisition time is not needed, but as in proposal 4&5 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 6: when the TA associated with target PUCCH SCell is valid,
· the PUCCH SCell activation delay in FR1 could be same as the normal SCell activation delay in TS38.133 section 8.3.2 which is (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length); 
· the PUCCH SCell activation delay in FR2 could 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 1-2-3: Compared to valid case, whether the NR PUCCH SCell activation delay requirements should be relaxed for invalid TA case
· Compared to valid TA case, additional delay is needed for the NR PUCCH SCell activation delay requirements with invalid TA.  
· Issue 1-2-4: The additional delay parts for NR PUCCH SCell activation with invalid TA
· Option 1: (Apple, Xiaomi, CMCC, NTT DOCOMO, NEC, Qualcomm, vivo, OPPO, MTK)
· The following three additional delay parts (T1/T2/T3) in LTE PUCCH SCell activation with invalid TA could be reused for NR PUCCH SCell activation with invalid TA.
· the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell
· the delay for obtaining a valid TA command for the sTAG
· the delay for applying the received TA for upling transmission
· The values for T1/T2/T3 might be revisited for NR PUCCH SCell activation. 
· Option 2: (Nokia)
· The UE shall be capable to perform downlink actions related to the SCell activation command for the SCell being activated on the PUCCH SCell no later than in slot .
· The UE shall be capable to perform uplink actions related to the SCell activation command for the SCell being activated on the PUCCH SCell no later than in slot  , where TRACH is the delay to perform RACH procedure and apply the TA.
· Option 3: (CATT)
· Further discussion is needed for the completion of downlink and uplink actions. 
· Option 4: (Ericsson, Huawei)
· Existing RRM requirements for activation of single downlink NR SCell to be used as baseline for completion of downlink actions. Completion of uplink actions are to be further studied.



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 7: The following three additional delay parts (T1/T2/T3) in LTE PUCCH SCell activation with invalid TA could be reused for NR PUCCH SCell activation with invalid TA.
· the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell
· the delay for obtaining a valid TA command for the sTAG
· the delay for applying the received TA for upling transmission
The values for T1/T2/T3 might be revisited for NR PUCCH SCell activation. 

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 8: 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 9: 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 10: 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.
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 11: 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.
4. Interruption requirement for PUCCH SCell activation/deactivation
Like in LTE, the interruption caused by PUCCH SCell activation/deactivation is similar as that caused by normal SCell activation/deactivation, so we propose to reuse the interruption requirement of normal SCell activation/deactivation to the interruption requirement of PUCCH SCell activation/deactivation.
Proposal 12: reuse the interruption requirement of normal SCell activation/deactivation to the interruption requirement of PUCCH SCell activation/deactivation.
5. Conclusion
In this contribution we discuss the preliminary RRM requirements for PUCCH SCell activation/deactivation, including valid TA and invalid TA cases.
Proposal 1: RAN4 defines the PUCCH SCell activation requirement for the scenario that CSI report of PUCCH SCell is transmitted on PUCCH SCell to be activated.
Proposal 2: The beam information for network to determine the associated SSB for PDCCH triggered RACH occasion shall consider both FR1 and FR2 cases.
Proposal 3: 
If the being-activated 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 being-activated PUCCH SCell is unknown:
· if target SCell 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 need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· if target SCell belongs to FR2 and 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 target SCell 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 need to indicate the beam information to network for determining the associated SSB in PDCCH order for RA.
· if target SCell belongs to FR1 and 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: the UL spatial relation of PUCCH on target being-activated SCell should be considered for PUCCH SCell activation in FR2 only.
Proposal 5: 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 6: when the TA associated with target PUCCH SCell is valid,
· the PUCCH SCell activation delay in FR1 could be same as the normal SCell activation delay in TS38.133 section 8.3.2 which is (( THARQ + Tactivation_time +TCSI_Reporting)/ NR slot length); 
· the PUCCH SCell activation delay in FR2 could 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 7: The following three additional delay parts (T1/T2/T3) in LTE PUCCH SCell activation with invalid TA could be reused for NR PUCCH SCell activation with invalid TA.
· the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell
· the delay for obtaining a valid TA command for the sTAG
· the delay for applying the received TA for upling transmission
The values for T1/T2/T3 might be revisited for NR PUCCH SCell activation. 
Proposal 8: 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 9: 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 10: 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 11: 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.
Proposal 12: reuse the interruption requirement of normal SCell activation/deactivation to the interruption requirement of PUCCH SCell activation/deactivation.
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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
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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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 Tmargin is time for SSB post-processing. Tmargin can be up to 2ms. 



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



 Trs 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 Trs=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, Trs follows smtc1 
or smtc2 according to the physical cell ID of the target cell. 



In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during 
the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for 
intra-frequency handover and Clause 9.3.4 for inter-frequency handover. 



6.1.1.3 NR FR2- NR FR1 Handover 
The 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 



When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new 
uplink PRACH channel within Dhandover  ms from the end of the last TTI containing the RRC command. 



Where: 



Dhandover equals the applicable RRC procedure delay defined in clause 12 in TS 38.331 [2] plus the interruption time 
stated in clause 6.1.1.3.2. 



6.1.1.3.2 Interruption time 



The interruption time is the time between the end of the last TTI containing the RRC command on the old PDSCH and 
the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. 



When inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt 



 Tinterrupt = Tsearch + TIU + Tprocessing + T  + Tmargin ms 



Where: 



 Tsearch 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 Tsearch = 0 ms. If the target cell is an unknown 
inter-frequency cell and the target cell Es/Iot  -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in 
use by the UE, Tsearch 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  = Trs.  



 Tprocessing is time for UE processing. Tprocessing can be up to 40ms. 



 Tmargin is time for SSB post-processing. Tmargin can be up to 2ms. 



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



 Trs 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 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 Trs=5ms assuming the SSB transmission 
periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms.  
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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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