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In last meeting, RRM requirements for single and multiple PUCCH SCell activation/deactivation are agreed except few minor open issues. Interruption requirement due to PRACH during PUCCH SCell activation is agreed with interruption length as FFS. Further, we find CSI reporting during PUCCH SCell activation requirement is not correct or at least confusing. 
In this paper, we discuss above mentioned issues.  
Discussion
CSI report issue in PUCCH SCell activation delay requirements 
PUCCH SCell activation delay requirement when PUCCH SCell is activated alone is copied below for reference. We think the CSI reference resource availability and CSI report resource availability have impact on the requirement.

Tdelay_PUCCH_SCell = Tactivation_time + [X] + max ((TFirst_available_CSI + TCSI_processing), (T1+T2+T3)) + TCSI_reporting_after 
Where:
-	Tactivation_time is the SCell activation delay in millisecond as specified in section 8.3.2.
-	[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: the delay uncertainty in acquiring the first available downlink CSI reference resource. 
-	TCSI_processing: the UE processing time for CSI reporting.
-	TCSI_reporting_after: 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.
For different timeline of CSI reference resource available and CSI report resource available, we analyze the requirements for different scenarios as shown in the figure 3. In the figure 3, X1 represents 1st CSI reference resource available and X2 represents 2nd CSI reference resource available after CSI activation. Y1 represents 1st CSI report resource available and Y2 represents 2nd CSI report resource available after CSI activation. 
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Figure 1: Example illustration of problem

In general, CSI report computed at time X1 using CSI reference resource at X1 is transmitted at next available CSI report instance time Y1 (where Y1>X1). After CSI report transmission at time instance Y1, UE is configured with another CSI report instance Y2 after configuring CSI reference resources at X2, where Y2>X2>Y1>X1. 

In the example shown in figure 3, in scenario a, after CSI report is ready, UE transmits CSI report at 1st available CSI reporting resource at Y1.  In scenario b, after CSI report is ready, UE waits till T1+T2+T3 to transmit CSI report at 1st available CSI reporting resource at Y2 (that is after T1+T2+T3). In scenario c, after CSI report is ready, there is a CSI reporting resource and UE do not have valid TA to transmit CSI report on the CSI reporting resource at Y1. In this case, UE may use same CSI report at next available CSI report availability or UE may have computed the new CSI report before next available CSI report resource available. The existing requirement mentions about only the first available CSI reference resource to compute the CSI report and there is NO guarantee that the first available CSI reference resource is always the latest CSI reference the UE uses for computing and transmitting the CSI report. In this scenario, as per the existing requirement, which CSI reference UE uses for transmitting the CSI report to gNB not clear.  

Existing RRM requirements will work in scenario a and scenario b. However, for scenario c, UE behaviour is unclear whether UE will transmit CSI report using first available CSI reference resource or using the latest available CSI reference resource before the reporting resource. To avoid ambiguity, we think the clarification on UE behaviour is needed. 

We think the UE should use the latest available CSI reference for the CSI report computation and the same report shall be sent to NW. In some scenarios based on the configuration of timeRestrictionForChannelMeasurements, UE could also use previous instances of CSI reference resources available. 

In the scenario c, when UE computes CSI report (e.g., CSI report 1) using CSI reference resource at X1 and process the CSI within TCSI_processing and if the UE do not complete the Timing Advance acquisition and application using random access procedure before Y1 (i.e., Y1<T1+T2+T3), UE cannot transmit the CSI report on CSI report resource available at Y1. However, what to do with the CSI report in this case not clear.  One possible way of handling this CSI report is to store the CSI report and time stamp of the CSI computation and use this for future reporting purposes.  UE storing CSI report may be helpful, in case UE do not receive a CSI reference resource before next available CSI report resource. When UE uses an old CSI report, it is important to determine whether the CSI report is still relevant or not. We believe, using existing mechanisms, UE could determine the relevance or validity of stored CSI report before sending it. 

At X2 (i.e., 2nd availability of CSI reference resource), UE receives CSI reference resource and computes the CSI report (e.g., CSI report 2) and update the buffer of CSI report and the time stamp of the update. Difference between Y2 (i.e., the time of CSI report resource availability) and time stamp of CSI report computed and updated (e.g., CSI reference resource reception time + CSI processing time) may be called as validity time of CSI report (Tvalidity_CSIreport). 

At Y2, if Y2 > T1+T2+T3, UE sends the latest CSI report stored in the buffer. 

If there is no CSI reference resource available between X1 and Y2, and the duration between X1 and Y2 is less than a threshold, UE could use the CSI report stored (computed using CSI reference resource at X1) in the UE. 

At Y2, we think UE shall send the latest CSI report if the Tvalidity_CSIreport is less than a Threshold 1 (Thr1). 
Else, we think UE shall wait for the next available CSI reference resource for next CSI report computation and send CSI report at next available CSI report resource availability (i.e., Y3, the 3rd CSI report resource availability), if the Tvalidity_CSIreport is less than threshold 1. Threshold 1 can be the configurable parameter in the CSI resource setting when timeRestrictionForChannelMeasurements is configured. 

Based on the above discussion we think PUCCH SCell activation delay can be represented as 
Tdelay_PUCCH_SCell = Tactivation_time + X + max ((TLast_Valid_CSI + TCSI_processing), (T1+T2+T3)) + TCSI_reporting_after
Where:
-	Tactivation_time is the SCell activation delay in millisecond.
-	X sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· if the UE maintains or keeps track of PL-RS in target PUCCH SCell, X is considered as 0
· if the UE do not maintain or do not keep track of PL-RS in target PUCCH SCell, X is considered as 5
-	TLast_Valid_CSI: the delay uncertainty in acquiring the downlink CSI reference resource which is the last CSI reference resource before the first available CSI report resource after T1+T2+T3. Where time difference between last CSI reference resource before the first available CSI report resource after T1+T2+T3 and the first available CSI report resource after T1+T2+T3 is less than Threshold1. Where Threshold 1 is configurable parameter in CSI resource settings. 
-	TCSI_processing: the UE processing time for CSI reporting.
-	TCSI_reporting_after is the delay uncertainty in acquiring the first available CSI reporting resource after T3 if time difference between first available CSI report resource after T3 and last available CSI reference resource before this CSI report resource is less than a Threshold1. Else It is the delay uncertainty in acquiring the second available CSI report resource.

Proposal 1: PUCCH SCell activation delay requirement shall be corrected as following.
Tdelay_PUCCH_SCell = Tactivation_time + X + max ((TLast_Valid_CSI + TCSI_processing), (T1+T2+T3)) + TCSI_reporting_after
Where:
-	Tactivation_time is the SCell activation delay in millisecond.
-	X sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· if the UE maintains or keeps track of PL-RS in target PUCCH SCell, X is considered as 0
· if the UE do not maintain or do not keep track of PL-RS in target PUCCH SCell, X is considered as 5
-	TLast_Valid_CSI: the delay uncertainty in acquiring the downlink CSI reference resource which is the last CSI reference resource before the first available CSI report resource after T1+T2+T3. Where time difference between last CSI reference resource before the first available CSI report resource after T1+T2+T3 and the first available CSI report resource after T1+T2+T3 is less than Threshold1. Where Threshold1 is configurable parameter in CSI resource settings. 
-	TCSI_processing: the UE processing time for CSI reporting.
-	TCSI_reporting_after is the delay uncertainty in acquiring the first available CSI reporting resource after T3 if time difference between first available CSI report resource after T3 and last available CSI reference resource before this CSI report resource is less than Threshold1. Where Threshold1is configurable parameter in CSI resource settings. Else, it is the delay uncertainty in acquiring the second available CSI report resource.

Since the same principle is used to derive the PUCCH SCell activation delay with multiple DL SCells, we think same correction may be needed there too.

Proposal 2: RAN4 to agree the same correction to be applicable for the PUCCH SCell activation delay with multiple DL SCells.
Interruption delay requirement during PUCCH SCell activation   
In last meeting RAN4 agreed that there can be interruption on other serving cells during RACH on PUCCH SCell if the UE does not support parallelTxPRACH-SRS-PUCCH-PUSCH/ parallelTxMsgA-SRS-PUCCH-PUSCH-r16 (as the UE cannot transmit PRACH on one carrier and PUCCH/PUSCH/SRS on another carrier). However, the interruption length is not agreed, and it is FFS. 

Since the interruption is due to PRACH transmission, interruption length depends on the PRACH transmission duration. Further, PRACH transmission duration depends on the preamble format and the preamble length. In NR, since multiple preamble formats and multiple preamble lengths are possible, defining a separate interruption length for each preamble format may take too much of specification work. On the other hand, if we define a single interruption length, due to large variation in preamble sequence lengths, same interruption length may not be suitable for all the scenarios. 
Considering these two aspects of not over specifying and not under specifying, we think it would be reasonable to define something called different interruption groups with each interruption group having different interruption length for each group. 
The existing PRACH preamble formats based on their PRACH preamble format lengths, can be grouped into 4 interruption groups.
If PRACH transmission duration is less than 0.5 ms, then interruption length for all preambles mapping to this interruption group can be equal to 0.5ms. The PRACH transmission duration less than 0.5ms will be used primarily in FR2 and all the preamble formats of A1, A2, A3 and B1, B2, B3, B4 and C0, C1 can be mapped into this group.
For PRACH transmission duration is more than 0.5ms and less than or equal to 1ms, then interruption length is 1ms. Based on the PRACH transmission time, preamble format 0 and 3 can be mapped to this interruption group. 
For PRACH transmission duration is more than 1 ms and less than or equal to 3 ms, then interruption length is 3ms. Based on the PRACH transmission time, preamble format 1 can be mapped to this interruption group.
For PRACH transmission duration is more than 3 ms and less than or equal to 5 ms, then interruption length is 5ms. Based on the PRACH transmission time, preamble format 2 can be mapped to this interruption group.
Proposal 3: RAN4 to define 4 different interruption groups with each group having different interruption length.
Proposal 4: For preambles format A1, A2, A3, B1, B2, B3, B4, C0 and C1, the interruption length is 0.5ms.
Proposal 5: For preambles format 0 and 3, the interruption length is 1ms.
Proposal 6: For preambles format 1, the interruption length is 3ms.
Proposal 7: For preambles format 2, the interruption length is 5ms.
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: PUCCH SCell activation delay requirement shall be corrected as following.
Tdelay_PUCCH_SCell = Tactivation_time + X + max ((TLast_Valid_CSI + TCSI_processing), (T1+T2+T3)) + TCSI_reporting_after
Where:
-	Tactivation_time is the SCell activation delay in millisecond.
-	X sample measurement time is introduced in FR2 when PL-RS of target PUCCH SCell is known
· if the UE maintains or keeps track of PL-RS in target PUCCH SCell, X is considered as 0
· if the UE do not maintain or do not keep track of PL-RS in target PUCCH SCell, X is considered as 5
-	TLast_Valid_CSI: the delay uncertainty in acquiring the downlink CSI reference resource which is the last CSI reference resource before the first available CSI report resource after T1+T2+T3. Where time difference between last CSI reference resource before the first available CSI report resource after T1+T2+T3 and the first available CSI report resource after T1+T2+T3 is less than Threshold1. Where Threshold1is configurable parameter in CSI resource settings. 
-	TCSI_processing: the UE processing time for CSI reporting.
-	TCSI_reporting_after is the delay uncertainty in acquiring the first available CSI reporting resource after T3 if time difference between first available CSI report resource after T3 and last available CSI reference resource before this CSI report resource is less than Threshold1. Where Threshold1is configurable parameter in CSI resource settings. Else, it is the delay uncertainty in acquiring the second available CSI report resource.
Proposal 2: RAN4 to agree the same correction to be applicable for the PUCCH SCell activation delay with multiple DL SCells.
Proposal 3: RAN4 to define 4 different interruption groups with each group having different interruption length.
Proposal 4: For preambles format A1, A2, A3, B1, B2, B3, B4, C0 and C1, the interruption length is 0.5ms.
Proposal 5: For preambles format 0 and 3, the interruption length is 1ms.
Proposal 6: For preambles format 1, the interruption length is 3ms.
Proposal 7: For preambles format 2, the interruption length is 5ms.
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