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Introduction
In RAN4#102bis-e meeting, the PUCCH SCell activation delay were mostly concluded and the WF is captured in [1].  In this paper, we are discussing the leftover issues including the impacts from pathloss reference signal measurements to activation delay. 
PL-RS measurements in PUCCH SCell activation
At RAN4#102-e meeting, it was further discussed if there would be a need for additional PL-RS measurement to activate a PUCCH SCell. However, RAN4 could not reach a conclusion. It is still unclear if and when the additional 5 samples are needed for PL-RS measurement during a PUCCH SCell activation.
RAN4#102-e Agreements: 
· Whether the PL-RS will introduce extra delay time when the known condition is met?
· When PL-RS of target PUCCH Scell is known, the [X] sample measurement time is introduced. 
· FFS under what condition the [X] = 0 or [X] = 5. 
RAN4 has made working assumption on PL-RS in RAN4#101-bis-e as below and sent LS to RAN1[2], but February RAN1#108 discussions did not conclude in time, and the discussion is expected to continue in May RAN1#109.
· Whether to consider the time uncertainty of MAC CE for PL-RS activation? 
· RAN4 to agree that PL-RS assumptions defined in TS38.213 section 7.2.1 can be applied for the PUCCH of target being-activated SCell during the activation procedure. In FR2 if UE is not provided pathlossReferenceRSs but provided PUCCH-SpatialRelationInfo before receiving the PUCCH SCell activation command, use the associated DL-RS in PUCCH-SpatialRelationInfo as PL-RS.
· RAN4 send LS (R4-2202602) to RAN1 for clarification/confirming on the above working assumptions.
According to TS 38.213 section 7.2.1, the UE determines the PUCCH transmit power by calculating the downlink pathloss estimate [image: ]using RS resource index qd. In particular, the spec elaborates how to identify the RS resource when the following parameters are configured: 
· If the UE is not provided pathlossReferenceRSs or before the UE is provided dedicated higher layer parameters…
· If the UE is provided a number of RS resource indexes by pathlossReferenceRSs…
· If the UE is provided pathlossReferenceRSs and PUCCH-SpatialRelationInfo…
· If the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo…
· If the UE is not provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo…
It is observed that the UE can always identify a RS resource to calculate the downlink pathloss estimation based on pathlossReferenceRSs and/or PUCCH-SpatialRelationInfo if provided, or a default RS as defined by RAN1. That is, the PL-RS configuration or UL spatial relation configuration are not mandatory for pathloss estimation in FR2. 
Observation #1: The PL-RS configuration or UL spatial relation configuration are not mandatory for pathloss estimation in FR2.
In addition, RAN4 agreed that the PL-RS should follow L3 measurement for known and L1-RSRP measurement for unknown PUCCH SCell. We understood this indicates the PL-RS i.e. the RS resource used for calculating the downlink pathloss estimate is among the RS resources used for L3 or L1-RSRP measurement reporting, or QCLed (with Type D) to the RS resources.     
· Issue 1-3-1: For Tactivation_time, whether the PL-RS, TCI sate and spatial relation should follow the L3 and L1-RSRP measurement for known and unknown PUCCH SCell, respectively?
· Agreements: For Tactivation_time,
· For known PUCCH SCell, 
· TCI sate, PL-RS and spatial relation indication are assumed to be based on the L3 measurement.
· For unknown PUCCH SCell, 
· TCI sate, PL-RS and spatial relation indication are assumed to be based on L1-RSRP measurement.
Observation #2: The PL-RS i.e. the RS resource used for calculating the downlink pathloss reference is among the RS resources used for L3 or L1-RSRP measurement reporting, or QCLed (with Type D) to the RS resources. 
If PUCCH SCell is known in FR2 (in Fig.1), the UE is assumed having sent a valid L3-RSRP measurement report with SSB index within a certain time period e.g. 3s/4s before receiving the SCell activation command. At the time of PUCCH SCell activation, the UE has obtained the L3 measurement results of RS resources including PL-RS (according to Observation #2) which is used to calculate the downlink pathloss estimate and determine the PUCCH transmit power for transmitting the CSI reports. Additional PL-RS measurements are not needed when activating a known PUCCH SCell.


Fig. 1 determining Tx power for CSI reporting during PUCCH SCell activation when PUCCH SCell is known
There were some arguments that the L3 measurement results cannot be used for pathloss estimation as they are measured using wide Rx beams while the PL-RS needs to be measured on narrow beams used for data transmission. However, the Rx beams used to measure PL-RS are up to UE implementation and is not specified. Additionally, the difference on the measurements between wide and narrow beams is not physically because of pathloss difference itself. Pathloss is given from physical channel propagation, and the reasons of the impact on path loss measurements may include the following. As a UE knows how receiver antenna gain is designed from UE implementation on respective beams, the offset between wide and narrow beams can be compensated by the UE.  
· Receiver antenna gain is designed differently between wide and narrow measurement beams.
· The number of paths captured in wide or narrow beams are different in non-line of sight channel paths.
Therefore, the UE may optimize the measurements on PL-RS if applicable, but this should not mandate the additional PL-RS measurements which would unnecessarily relax the activation delay. At least based on RAN4 assumption above, the reported L3 measurement results can be reused for pathloss estimation to activate the PUCCH SCell and additional PL-RS measurement is not needed. There is no need to introduce additional delay due to PL-RS measurements. 
Proposal 1: If PUCCH SCell is known in FR2, the reported L3 measurement results can be reused for pathloss estimation and additional PL-RS measurement is not needed during PUCCH SCell activation. 
If PUCCH SCell is unknown in FR2 (in Fig.2), RAN4 agreed to assume the PL-RS is based on L1-RSRP measurements. As the single shot measurement i.e. M=1 is assumed in L1-RSRP measurement delay during SCell activation, it may not be sufficient to calculate the pathloss estimation as it requires L3 measurement of at least 5 samples. In this sense, when the UE determines the PL-RS based on L1-RSRP measurement result, the UE may need additional measurements on the PL-RS if it has not been measured, in order to determine the transmit power for transmitting the CSI report on PUCCH SCell. Therefore, additional measurement on the PL-RS may be needed when activating an unknown PUCCH SCell.    


Fig. 2 determining Tx power for CSI reporting during PUCCH SCell activation when PUCCH SCell is unknown
During the PL-RS discussion, there was another debate if the condition of PL-RS is maintained or not maintained shall be considered similarly as specified in the MAC CE based PL-RS switch delay in section 8.14.3. In the context of PL-RS switch, this is differentiated because the UE is expected to monitor maximum four PL-RSs and the target PL-RS in the MAC CE may not be among the four i.e. not maintained at the time of receiving the switch command (cited as below). It is understood PL-RS is considered as “maintained” if the UE has performed L3 measurements on the PL-RS hence additional PL-RS measurement of 5 samples is not needed.
TS38.213 section 7:
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by SRS-PosResourceSet as described in clause 7.3.1. If the UE is provided a number of RS resources for pathloss estimation for PUSCH/PUCCH/SRS transmissions that is larger than 4, the UE maintains for pathloss estimation RS resources corresponding to RS resource indexes  as described in clauses 7.1.1, 7.2.1, and 7.3.1.
When SCell activation is concerned, the PL-RS is always maintained when the PUCCH SCell is known as a valid L3 measurement report has been sent which implies it is being monitored by the UE (according to RAN4 assumption). The PL-RS is maintained or not maintained needs to be considered only if PUCCH SCell is unknown. As the single sample L1-RSRP cannot be used directly for pathloss estimation, the UE may need additional PL-RS measurement if the PL-RS has not been monitored i.e. not maintained. But UE is required to perform intra-frequency L3 measurement on deactivated PUCCH SCell according to TS 38.133 section 9.2.5.1, the PL-RS may also be maintained where the additional PL-RS measurement is not needed.
Observation #3: PL-RS is maintained if the UE has performed intra-frequency L3 measurement on deactivated PUCCH SCell according to section 9.2.5.1.
Based on the above, the additional PL-RS measurement delay needs to be introduced only if the PL-RS is not maintained when PUCCH SCell is unknown in FR2.              
Proposal 2: If PUCCH SCell is unknown in FR2, additional PL-RS measurement delay needs to be introduced only when the PL-RS is not maintained.
The PUCCH SCell activation delay has been specified assuming the CSI measurements in parallel with the random access procedure, where the UE does not have a valid TA. Following the same principle, the additional PL-RS measurements can be also performed in parallel with CSI measurement and random access procedure hence [X] can be added as below. The text proposal can be found in the draftCR [3].
Tdelay_PUCCH_SCell = Tactivation_time + [X] + max ([X], (TFirst_available_CSI + TCSI_processing), (T1+T2+T3)) + TCSI_reporting_after 
where	
[X=5] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is unknown in FR2
· [X] = 0 if PL-RS is maintained and [X] = 5 if PL-RS is not maintained. 
Proposal 3: If PUCCH SCell is unknown in FR2, the additional PL-RS measurements are performed in parallel with CSI measurements and random access procedure if applicable, and the PUCCH SCell activation is updated as below: 
Tdelay_PUCCH_SCell = Tactivation_time + [X] + max ([X], (TFirst_available_CSI + TCSI_processing), (T1+T2+T3)) + TCSI_reporting_after 
where	
[X=5] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is unknown in FR2
· [X] = 0 if PL-RS is maintained and [X] = 5 if PL-RS is not maintained. 
PUCCH SCell activation delay with multiple DL SCells
At RAN4#102bis-e meeting, the following has been agreed on the PUCCH SCell activation with multiple DL SCells.
· Issue 1-4-1: The scenarios of PUCCH Scell activation with multiple DL Scells?
· The PUCCH Scell activation with multiple Scell means that multiple Scells are activated by one single MAC command among which one Scell is PUCCH Scell. 
· Issue 1-4-2: The delay requirements for PUCCH SCell activation with multiple DL Scells?
· Define the delay requirements for PUCCH SCell activation with multiple DL Scells taking normal Scell activation with multiple DL Scell as baseline
· FFS on the requirements: 
· the normal SCell activation delay requirement for deactivated SCell with multiple Downlink SCells defined in clause 8.3.7 of current specification 38.133 apply for other downlink Scells.
· PUCCH Scell activation delay requirements can be derived from single PUCCH SCell activation delay by replacing  with  
The SCell activation delay requirement with multiple DL SCells has been defined in Rel16. At the time of discussion, the delay extension due to interruption among the multiple being-activated SCells was considered. When PUCCH SCell is being activated together with other SCells, the network is supposed to activate additional PUCCH resources on the PUCCH SCell hence the delay extension on the PUCCH SCell activation is not desired. The PUCCH SCell activation shall be prioritized over the other being-activated SCells when they are activated by a single MAC command.
Proposal 4: The PUCCH SCell activation shall be prioritized over the other being-activated DL SCells when they are activated by a single MAC command. 
If the principle could be agreed, the PUCCH SCell activation delay with multiple DL SCells would be the same as the single PUCCH SCell activation delay in clause 8.3.12. For the other being-activated DL SCells, the potential delay extension needs to be considered as in R16 and the existing activating delay requirements with multiple DL SCells defined in clause 8.3.7 i.e. Tactivation_time_multiple_scells can be reused. 
Proposal 5: The SCell activation delay for PUCCH SCell with multiple DL SCells is the same as the single PUCCH SCell activation delay in clause 8.3.12 i.e. Tdelay_PUCCH_SCell. 
Proposal 6: For the other being-activated DL SCells in the same MAC command, the existing activation delay requirement for deactivated SCell with multiple DL SCells defined in clause 8.3.7 i.e. Tactivation_time_multiple_scells can be reused.
Others
RAN4 has sent LS to RAN1 asking for the handling of parallel transmission of PRACH on PUCCH SCell and physical channels/signals with different SCS on other activated serving cells [4]. RAN1 provided the reply LS in [5] as below:
· For inter-band CA capability of simultaneous PRACH transmission on PUCCH SCell and SRS/PUCCH/PUSCH transmission on other activated serving cells, it is provided by parallelTxPRACH-SRS-PUCCH-PUSCH as from 38.306, regardless of the SCS combination. For intra-band CA, according to 38.213 8.1, UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when the gap between PRACH transmission and PUSCH/PUCCH/SRS transmission is less than N symbols; hence, UE does not transmit PRACH and PUSCH/PUCCH/SRS simultaneously for intra-band CA. Besides, it seems RAN4’s question is the case where the UE transmits PRACH on PUCCH SCell in the secondary PUCCH group and PUCCH/PUSCH/SRS on a UL cell in the primary PUCCH group; then to RAN1’s understanding this must be inter-band simultaneous transmissions.
It is understood the UE does not transmit PRACH and PUSCH/PUCCH/SRS simultaneously for intra-band CA. If PUCCH SCell is configured for intra-band CA and there is no valid TA, the UE is not expected to be scheduled with PRACH on PUCCH SCell and PUCCH/PUSCH/SRS on the other active serving cells at the same time. 
Observation #4: For intra-band CA, the UE is not expected to be scheduled with PRACH on PUCCH SCell and PUCCH/PUSCH/SRS on the other active serving cells simultaneously.
For inter-band CA, the UE is able to simultaneously transmit PRACH on PUCCH SCell and physical channels/signals with different SCS on the other activated serving cells, if it supports parallelTxPRACH-SRS-PUCCH-PUSCH as from 38.306. Otherwise, the interruption may occur hence additional delay to activate the PUCCH SCell is expected. To reflect the possible interruption, it is proposed to add following condition to the applicability: 
The PUCCH SCell activation delay requirement (Tdelay_PUCCH SCell) shall apply provided that:
· the RA on PUCCH SCell is not interrupted by the PUCCH/PUSCH/SRS on other activated serving cells otherwise additional delay to activate the SCell is expected.
Proposal 7: The PUCCH SCell activation delay requirement (Tdelay_PUCCH SCell) shall apply provided that:
· the RA on PUCCH SCell is not interrupted by the PUCCH/PUSCH/SRS on other activated serving cells otherwise additional delay to activate the SCell is expected.
Conclusion
This contribution further discussed the open issues on SCell activation delay requirement for PUCCH SCell. The proposals are summarized as below:  
Observation #1: The PL-RS configuration or UL spatial relation configuration are not mandatory for pathloss estimation in FR2.
Observation #2: The PL-RS i.e. the RS resource used for calculating the downlink pathloss reference is among the RS resources used for L3 or L1-RSRP measurement reporting, or QCLed (with Type D) to the RS resources. 
Proposal 1: If PUCCH SCell is known in FR2, the reported L3 measurement results can be reused for pathloss estimation and additional PL-RS measurement is not needed during PUCCH SCell activation. 
Observation #3: PL-RS is maintained if the UE has performed intra-frequency L3 measurement on deactivated PUCCH SCell according to TS 38.133 section 9.2.5.1.
Proposal 2: If PUCCH SCell is unknown in FR2, additional PL-RS measurement delay needs to be introduced only when the PL-RS is not maintained.
Proposal 3: If PUCCH SCell is unknown in FR2, the additional PL-RS measurements are performed in parallel with CSI measurements and random access procedure if applicable, and the PUCCH SCell activation is updated as below: 
Tdelay_PUCCH_SCell = Tactivation_time + [X] + max ([X], (TFirst_available_CSI + TCSI_processing), (T1+T2+T3)) + TCSI_reporting_after 
where	
[X=5] sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is unknown in FR2
· [X] = 0 if PL-RS is maintained and [X] = 5 if PL-RS is not maintained. 
Proposal 4: The PUCCH SCell activation shall be prioritized over the other being-activated DL SCells when they are activated by a single MAC command. 
Proposal 5: The SCell activation delay for PUCCH SCell with multiple DL SCells is the same as the single PUCCH SCell activation delay in clause 8.3.12 i.e. Tdelay_PUCCH_SCell. 
Proposal 6: For the other being-activated DL SCells in the same MAC command, the existing activation delay requirement for deactivated SCell with multiple DL SCells defined in clause 8.3.7 i.e. Tactivation_time_multiple_scells can be reused.
Observation #4: For intra-band CA, the UE is not expected to be scheduled with PRACH on PUCCH SCell and PUCCH/PUSCH/SRS on the other active serving cells simultaneously.
Proposal 7: The PUCCH SCell activation delay requirement (Tdelay_PUCCH SCell) shall apply provided that:
· the RA on PUCCH SCell is not interrupted by the PUCCH/PUSCH/SRS on other activated serving cells otherwise additional delay to activate the SCell is expected.
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