[bookmark: _Hlk67474238]3GPP TSG RAN WG4 Meeting #103-e	R4-2210134
[bookmark: _Hlk488924106]Electronic meeting, 09 May 2022 – 20 May 2022
Agenda Item:	9.9.1.3
Source: 	Ericsson
Title:	RRM requirements for SCell activation/deactivation with PUCCH
Document for:	Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In last meeting, RRM requirements for single PUCCH SCell activation/deactivation are agreed except for few minor issues. Further, RRM requirements for multiple SCell activation when one among the multiple SCells is PUCCH SCell is under discussion in last meeting. 
In this contribution, we provide our views on the remaining open issues in single PUCCH SCell activation and RRM requirements for multiple SCell activation when one among the multiple SCells is PUCCH SCell.
Discussion
Single PUCCH SCell activation delay requirements 
One of the open issues from last meeting was, relation between the associated RS for TCI state, PL-RS and spatial relation indication is discussed. Following proposal was proposed. Though this may be common scenario, we do not think this kind of restriction needs to be specified in RAN4 spec.

The PUCCH SCell activation requirements are defined based on the following assumption: 
· For the activation with known condition, the SSB associated to PL-RS indication, TCI state switch and spatial relation is the same.
· For the activation with unknown condition, the SSB or CSI-RS associated to PL-RS indication, TCI state switch and spatial relation is the same.

Proposal 1: RAN4 not to specify any relation or restriction between the associated RS for TCI state, PL-RS and spatial relation indication.

Other open issue was when the PL-RS of target PUCCH SCell is known, the [X] sample measurement time is introduced, and it was FFS under what condition the [X] = 0 or [X] = 5.

We think it is common understanding in the group that when PL-RS is maintained, there are no separate samples required for pathloss computation. We also understand that unless cell is active, UE may not store or filter the measured values to compute the pathloss. However, if the two cells have same PL-RS or their PL-RS or RS is configured to be QCL type-A, they can use the same pathloss measurement for both the cells. If the one cell among these two cells (who are QCL type-A or has same PL-RS) is already active, then the to be activated PUCCH SCells PL-RS can be considered maintained.

Proposal 2: If the to be activated PUCCH SCell share the same PL-RS with the active serving cell or the PL-RS of active serving cell and the PL-RS of the to be activated PUCCH SCell are configured to be QCL Type-A, PL-RS can be considered to be maintained for to be activated PUCCH SCell.  In this case X value can be 0.

X value = 5  
In last meeting X value is agreed as 5. However, as per the following agreed known condition definition of the PL-RS (highlighted in yellow), if the RS and PL-RS are same it can reuse the pathloss measured from the RS. If the UE measures PL-RS after receiving the SCell activation command, it can store the measured values to compute the pathloss. At least for the unknown cell case if the RS used for L1-RSRP is same as PL-RS, it can be assumed that one measured L1-RSRP sample can be used as one pathloss sample and UE need to measure additional 4 samples for pathloss. 

·  the known condition of PL-RS for known PUCCH SCell could be defined as:
· The pathloss reference signal is known for known PUCCH SCell during activation if the following conditions are met during the period between the last transmission of the RS resource used for L3 RSRP measurement reporting and the completion of PUCCH SCell activation, where the RS resource is the target pathloss reference signal or QCLed (with Type D) to the target pathloss reference signal.
· The target pathloss reference signal determination is based on the L3 RSRP measurement reporting
· The target pathloss reference signal remains detectable during the PUCCH SCell activation period
· SNR of the target pathloss reference signal≥-3dB
· The associated SSBs with the target pathloss reference signal remain detectable during the PUCCH SCell activation period
· SNR of the associated SSB ≥-3dB
· Otherwise, the pathloss reference signal is unknown.
· the known condition of PL-RS for unknown PUCCH SCell could be defined as:
· The pathloss reference signal is known for unknown PUCCH SCell during activation if the following conditions are met during the period between the last transmission of the RS resource used for L1-RSRP measurement reporting and the completion of PUCCH SCell activation, where the RS resource is the target pathloss reference signal or QCLed (with Type D) to the target pathloss reference signal.
· The target pathloss reference signal determination is based on the L1-RSRP measurement reporting
· The target pathloss reference signal remains detectable during the PUCCH SCell activation period
· SNR of the target pathloss reference signal≥-3dB
· The associated SSBs with the target pathloss reference signal remain detectable during the PUCCH SCell activation period
· SNR of the associated SSB ≥-3dB
· Otherwise, the pathloss reference signal is unknown.

Proposal 3: RAN4 to agree that X=4 when the PUCCH SCell activated is unknown at the reception of PUCCH SCell activation command and the RS used for L1-RSRP is same as PL-RS. For all other cases where PL-RS not maintained is X=5. 
PUCCH SCell activation delay requirements with multiple DL SCells  
In last meeting it was agreed that “the PUCCH SCell activation with multiple SCell means that multiple SCells are activated by one single MAC CE command and among which one SCell is PUCCH SCell”. In our understanding this statement is bit vague. Legacy multiple SCell activation requirements are defined for EN-DC, NE-DC, NR SA and NR-DC. We think all these scenarios needs to be considered for multiple SCell activation case with PUCCH SCell too. 
Proposal 4: RAN4 to consider the scenarios considered for Rel-16 multiple SCell activation case for multiple SCell activation when one SCell is PUCCH SCell.
Requirements for multiple SCells:
If we observe the PUCCH SCell delay requirements, it consists of two parts. One is DL synchronisation delay and other is UL synchronisation delay. Delay for DL synchronisation of a single PUCCH SCell activation are derived using Rel-16 single SCell activation requirements. Delay for UL synchronisation consists of TA acquisition, and application time depending on whether the TA is valid or invalid.  
When multiple SCells are activated, these SCells can belong to the same PUCCH group or different PUCCH group. In general, when different PUCCH group is configured the SCells in different PUCCH group can be collocated or non-collocated. 
o	Support reporting CSI of an active/being activated SCell belonging to secondary PUCCH group by PUSCH or PUCCH of active serving cells belonging to primary PUCCH group, for both during and after SCell activation procedure.
o	Support reporting CSI of an active/being activated SCell belonging to primary PUCCH group by PUSCH or PUCCH of active serving cells belonging to secondary PUCCH group, for both during and after SCell activation procedure.
As per the LS [2] response (shown in above table) from RAN1, CSI reporting for a SCell belonging to secondary PUCCH group can be sent on PUCCH or PUSCH of primary PUCCH group, that means it can be transmitted on PCell. Similarly, CSI reporting for a SCell belonging to primary PUCCH group can be sent on PUCCH or PUSCH of secondary PUCCH group, that means on it can be sent on PUCCH SCell.
We think RAN4 should consider mix of SCells from primary PUCCH group and secondary PUCCH group to derive the requirements as it may be the most common use case especially with PUCCH SCell is one of the SCell to be activated. With SCells from primary and secondary PUCCH group considered, and cross group CSI reporting supported, following scenarios can occur.
· Scenario 1: CSI report of all SCells transmitted on SpCell 
· Scenario 2: CSI report of primary PUCCH group transmitted on PCell and CSI report of secondary PUCCH group transmitted on PUCCH SCell
· Scenario 3: Cross PUCCH report is enabled for both the groups (primary PUCCH group CSI is sent on PUCCH SCell, and secondary PUCCH group CSI sent on PCell. This may not be a likely scenario).
Among the above-mentioned scenarios, we think first two scenarios (scenario 1 and 2) are the most common and most used scenarios. We think RAN4 should define the requirements for these cases.
Requirements for scenario 1:
For scenario 1, since the CSI report is transmitted on SpCell, only valid TA case can be assumed (please see figure 1). For valid TA case, since there is no need for obtaining the TA command, we think legacy framework can be reused by replacing the single SCell DL activation time with multiple SCell DL activation time.
Tactivate_total = , where:
Tdelay_PUCCH_ multiple_SCells = Tactivation_time_multiple_scells + [X] + TCSI_Reporting 
Where:
-	Tactivation_time_multiple_scells is the target SCell activation delay in millisecond in multiple SCell activation scenario as specified in section 8.3.7.
-	[X] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
-	FFS under what condition the [X] = 0 or [X] = 5
-	TCSI_Reporting is same as specified in clause 8.3.7 
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Figure 1: Scenario 1 of multiple SCell activation, where one SCell is PUCCH SCell

Proposal 5: For scenario 1 and valid TA case, total activation delay of multiple SCells when one of the SCell is PUCCH SCell is , where, Tdelay_PUCCH_ multiple_SCells = Tactivation_time_multiple_scells + [X] + TCSI_Reporting. Where:
· Tactivation_time_multiple_scells is the target SCell activation delay in millisecond in multiple SCell activation scenario as specified in section 8.3.7.
· [X] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· FFS under what condition the [X] = 0 or [X] = 5
· TCSI_Reporting is same as specified in clause 8.3.7
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For valid TA case since there is no need for obtaining the TA command, we think legacy framework can be reused by replacing the single SCell DL activation time with multiple SCell DL activation time. As shown in figure 2, additional delay for CSI report to the secondary PUCCH group needs to be considered. Total activation delay can be computed as below.
Tactivate_total = , where:
Tdelay_PUCCH_ multiple_SCells = Tactivation_time_multiple_scells + [X] + max (TCSI_Reporting_SpCell, TCSI_Reporting_PUCCH_SCell)
Where:
· Tactivation_time_multiple_scells is the target SCell activation delay in millisecond in multiple SCell activation scenario as specified in section 8.3.7.
· [X] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· FFS under what condition the [X] = 0 or [X] = 5
· TCSI_Reporting_SpCell is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources on primary PUCCH group, as specified in TS 38.331 [2].
· TCSI_Reporting_PUCCH_SCell is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources on secondary PUCCH group, as specified in TS 38.331 [2]. 
Proposal 6: For scenario 2 and valid TA case, total activation delay of multiple SCells when one of the SCell is PUCCH SCell is , where, Tdelay_PUCCH_ multiple_SCells = Tactivation_time_multiple_scells + [X] + max (TCSI_Reporting_Primary_Group, TCSI_Reporting_Secondary_Group). Where:
· Tactivation_time_multiple_scells is the target SCell activation delay in millisecond in multiple SCell activation scenario as specified in section 8.3.7.
· [X] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· FFS under what condition the [X] = 0 or [X] = 5
· TCSI_Reporting_SpCell is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources on primary PUCCH group, as specified in TS 38.331 [2].
· TCSI_Reporting_PUCCH_SCell is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources on secondary PUCCH group, as specified in TS 38.331 [2].
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Description automatically generated]In figure 3, we analyse the timeline for scenario 2 and invalid TA case. For this case, from the reception of SCell activation command till the point of first CSI report to PCell or PUCCH SCell can be think of it as legacy multiple SCell activation and legacy multiple SCell activation requirements can be applied. Since CSI report is transmitted separately for each PUCCH group, the CSI reporting instances can be same or different depending on the CSI report periodicity. 
           			Figure 3: Scenario 2 of multiple SCell activation delay timeline with invalid TA
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Description automatically generated]In RAN4, we prefer considering different CSI reporting instances to specify generic requirements. We think this is reasonable assumption as in most likelihood, the PCell and PUCCH SCell can be at different locations, and they need not be perfectly in sync or there may not be perfect coordination between them. 
      Figure 4: Scenario 2 and invalid TA, where PRACH and CSI reporting instances overlap in time.

Assuming different CSI reporting instances for PCell and PUCCH SCell, if the CSI report of PUCCH SCell is transmitted first, UE may transmit PRACH followed by the PDCCH order from the NW. As shown in figure 4, in some scenarios it may so happen that there may not be perfect sync and coordination between the primary and secondary PUCCH groups and PRACH on PUCCH SCell may collide with CSI report of the other carriers on different PUCCH group or same PUCCH group. 
If UE is not capable of transmitting PRACH and CSI at the same time (if UE is not capable of parallelTxPRACH-SRS-PUCCH-PUSCH [3]), UE can only transmit one signal at a time between PRACH and CSI report and may need to drop one or drop both. Currently when this scenario occurs, which signal to drop or which signal to transmit is not clear from current UE perspective. Thus, we think UE behaviour needs to be defined in this case. In this case, since PRACH is for PUCCH SCell activation, it may be more important than the CSI report of the normal SCell or SpCell. Hence, we think UE should prioritize the PRACH transmission when collision of PRACH and CSI resources occurs. 
Proposal 7: When the PRACH and CSI report partially overlap in time during multiple SCell activation involving PUCCH SCell, UE should transmit PRACH and postpone the CSI report to next CSI reporting instance. 
Considering the above UE behaviour, compared to the requirements defined for scenario 1, for scenario 2, when PRACH is collided with CSI report, CSI report need to wait for next CSI reporting instance. In this case extra delay uncertainty needs to be added. 
Tdelay_multiple_PUCCH_SCell = Tactivation_time_multiple_scells + [X] + max (max ((TFirst_available_CSI_PUCCH_SCell + TCSI_processing_PUCCH_SCell), (T1+T2+T3)) + TCSI_reporting_after_PUCCH_SCell, (TCSI_Reporting_SpCell + Tuncertainity))
Where:
· Tactivation_time_multiple_scells is the target SCell activation delay in millisecond in multiple SCell activation scenario as specified in section 8.3.7.
· [X] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· FFS under what condition the [X] = 0 or [X] = 5
· Tfirst_available_CSI_ PUCCH_SCell: the delay uncertainty in acquiring the first available downlink CSI reference resources for secondary PUCCH group. 
· TCSI_processing_ PUCCH_SCell: the UE processing time for CSI reporting of secondary group PUCCH SCells.
· TCSI_reporting_after_ PUCCH_SCell the delay uncertainty in acquiring the first available CSI reporting resource after T3 
· T1 is the delay uncertainty in acquiring the first available PDCCH triggered PRACH occasion in the PUCCH SCell after Tactivation_time.
· T1 is up to the summation of a delay uncertainty for reception of PDCCH order, SSB to PRACH occasion association period and 10 ms, where SSB to PRACH occasion association period is defined in the table 8.1-1 of TS 38.213
· T2 is the delay from slot n + (THARQ + Tactivation_time +T1)/NR slot length until UE has obtained a valid TA command for the target PUCCH SCell being activated. Slot n is the slot where the UE receives PUCCH SCell activation command.
· 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.
· TCSI_Reporting_SpCell: is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources on primary PUCCH group, as specified in TS 38.331 [2].
· Tuncertainity is uncertainty of first available CSI reporting resource, if CSI report on primary PUCCH group collides with PRACH on PUCCH SCell. In other cases, it is zero. 
Proposal 8: For scenario 2 and invalid TA case, total activation delay of multiple SCells when one of the SCell is PUCCH SCell is  , where, Tactivation_time_multiple_scells + [X] + max (max ((TFirst_available_CSI_PUCCH_SCell + TCSI_processing_PUCCH_SCell), (T1+T2+T3)) + TCSI_reporting_after_PUCCH_SCell, TCSI_Reporting_SpCell + Tuncertainity)
Where:
· Tactivation_time_multiple_scells is the target SCell activation delay in millisecond in multiple SCell activation scenario as specified in section 8.3.7.
· [X] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· FFS under what condition the [X] = 0 or [X] = 5
· Tfirst_available_CSI_ PUCCH_SCell: the delay uncertainty in acquiring the first available downlink CSI reference resource for PUCCH SCell. 
· TCSI_processing_ PUCCH_SCell: the UE processing time for CSI reporting of PUCCH SCell.
· TCSI_reporting_after_ PUCCH_SCell the delay uncertainty in acquiring the first available CSI reporting resource after T3 
· T1 is the delay uncertainty in acquiring the first available PDCCH triggered PRACH occasion in the PUCCH SCell after Tactivation_time.
· T1 is up to the summation of a delay uncertainty for reception of PDCCH order, SSB to PRACH occasion association period and 10 ms, where SSB to PRACH occasion association period is defined in the table 8.1-1 of TS 38.213
· T2 is the delay from slot n + (THARQ + Tactivation_time +T1)/NR slot length until UE has obtained a valid TA command for the target PUCCH SCell being activated. Slot n is the slot where the UE receives PUCCH SCell activation command.
· 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.
· TCSI_Reporting_SpCell: is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources on primary PUCCH group, as specified in TS 38.331 [2]. 
· Tuncertainity is uncertainty of first available CSI reporting resource, if CSI report on primary PUCCH group collides with PRACH on PUCCH SCell. In other cases, it is zero. 

Summary and Conclusion
In this contribution we have provided our views on the open issues for SCell activation and deactivation with PUCCH. The following proposals are made:
Proposal 1: RAN4 not to specify any relation or restriction between the associated RS for TCI state, PL-RS and spatial relation indication.
Proposal 2: If the to be activated PUCCH SCell share the same PL-RS with the active serving cell or the PL-RS of active serving cell and the PL-RS of the to be activated PUCCH SCell are configured to be QCL Type-A, PL-RS can consider to be maintained for the to be activated PUCCH SCell.  In this case X value is 0.
Proposal 3: RAN4 to agree that X=4 when the PUCCH SCell activated is unknown at the reception of PUCCH SCell activation command and the RS used for L1-RSRP is same as PL-RS. For all other cases where PL-RS not maintained is X=5.
Proposal 4: RAN4 to consider the scenarios considered for Rel-16 multiple SCell activation case for multiple SCell activation when one SCell is PUCCH SCell.
Proposal 5: For scenario 1 and valid TA case, total activation delay of multiple SCells when one of the SCell is PUCCH SCell is , where, Tdelay_PUCCH_ multiple_SCells = Tactivation_time_multiple_scells + [X] + TCSI_Reporting. Where:
· Tactivation_time_multiple_scells is the target SCell activation delay in millisecond in multiple SCell activation scenario as specified in section 8.3.7.
· [X] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· FFS under what condition the [X] = 0 or [X] = 5
· TCSI_Reporting is same as specified in clause 8.3.7
Proposal 6: For scenario 2 and valid TA case, total activation delay of multiple SCells when one of the SCell is PUCCH SCell is , where, Tdelay_PUCCH_ multiple_SCells = Tactivation_time_multiple_scells + [X] + max (TCSI_Reporting_Primary_Group, TCSI_Reporting_Secondary_Group). Where:
· Tactivation_time_multiple_scells is the target SCell activation delay in millisecond in multiple SCell activation scenario as specified in section 8.3.7.
· [X] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· FFS under what condition the [X] = 0 or [X] = 5
· TCSI_Reporting_SpCell is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources on primary PUCCH group, as specified in TS 38.331 [2].
· TCSI_Reporting_PUCCH_SCell is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources on secondary PUCCH group, as specified in TS 38.331 [2].
Proposal 7: When the PRACH and CSI report partially overlap in time during multiple SCell activation involving PUCCH SCell, UE should transmit PRACH and postpone the CSI report to next CSI reporting instance.
Proposal 8: For scenario 2 and invalid TA case, total activation delay of multiple SCells when one of the SCell is PUCCH SCell is  , where, Tactivation_time_multiple_scells + [X] + max (max ((TFirst_available_CSI_PUCCH_SCell + TCSI_processing_PUCCH_SCell), (T1+T2+T3)) + TCSI_reporting_after_PUCCH_SCell, TCSI_Reporting_SpCell + Tuncertainity)
Where:
· Tactivation_time_multiple_scells is the target SCell activation delay in millisecond in multiple SCell activation scenario as specified in section 8.3.7.
· [X] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· FFS under what condition the [X] = 0 or [X] = 5
· Tfirst_available_CSI_ PUCCH_SCell: the delay uncertainty in acquiring the first available downlink CSI reference resource for PUCCH SCell. 
· TCSI_processing_ PUCCH_SCell: the UE processing time for CSI reporting of PUCCH SCell.
· TCSI_reporting_after_ PUCCH_SCell the delay uncertainty in acquiring the first available CSI reporting resource after T3 
· T1 is the delay uncertainty in acquiring the first available PDCCH triggered PRACH occasion in the PUCCH SCell after Tactivation_time.
· T1 is up to the summation of a delay uncertainty for reception of PDCCH order, SSB to PRACH occasion association period and 10 ms, where SSB to PRACH occasion association period is defined in the table 8.1-1 of TS 38.213
· T2 is the delay from slot n + (THARQ + Tactivation_time +T1)/NR slot length until UE has obtained a valid TA command for the target PUCCH SCell being activated. Slot n is the slot where the UE receives PUCCH SCell activation command.
· 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.
· TCSI_Reporting_SpCell: is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources on primary PUCCH group, as specified in TS 38.331 [2]. 
· Tuncertainity is uncertainty of first available CSI reporting resource, if CSI report on primary PUCCH group collides with PRACH on PUCCH SCell. In other cases, it is zero.
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