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1.	Introduction
We present our views on delay and interruption for early UL synchronization with LTM candidate cells.
2. 	Discussion
In the incoming LS from RAN1 (R1-2304276, LS on beam indication of target cell(s) and time gap between a PDCCH order and the corresponding PRACH transmission for LTM), there are effectively the following three issues to be addressed by RAN4.
· Latency and Interruption upon PDCCH-order PRACH to a candidate cell:
· Min delay from ‘the reception of PDCCH triggering PRACH’ to ‘the PRACH transmission to the indicated LTM candidate cell’
· Interruption length and window to the serving cells – DL, UL, or both DL and UL
· Interruption length and window to the serving cells – during tune-away/-back from/to serving cells

For PRACH on candidate cell not part of UL CA, UE needs to prepare/store separate RF config for each such candidate cell. This is because UE needs to change RF config from UL CA to that candidate CC for PRACH. The RF config includes the Tx filter to satisfy the corresponding CA/single CC emission mask requirement. In the existing time gap between PDCCH order DCI and PRACH in R17, the UE capability term Tswitch is introduced to account for the RF config switching action latency, which has max value of 210 us and assumes the corresponding source/target RF config has been generated/stored in memory.
However, in case of LTM, UE may be configured with a large number of candidate cells across multiple frequencies, and generating/storing RF config in advance for every candidate cell for potential PDCCH order may consume significant amount of memory resource, especially when those candidate cells have no UL traffic. Therefore, we propose for PDCCH-order based PRACH on a candidate cell that is not UL serving cell, i.e. without PUCCH/PUSCH configured, an additional UE capability latency component T_prepare can be added to the existing time gap between the DCI and PRACH as defined in the clause of 8.1 in TS38.213. The corresponding UE capability candidate value should at least include 0 and [X] ms with the non-zero value accommodating the RF config generation latency when UE does not in advance generate/store the corresponding RF config for PRACH. It should be noted that the latency may depend on many different factors, e.g. intra- vs. inter-band, CA vs. non-CA, duplex mode between current serving cells and the target LTM PRACH cells, etc.

Observation 1: For PDCCH-order based PRACH on a candidate cell for which UE does not have active RF ready, an additional UE capability latency component, e.g. Tprepare, needs be added to the existing time gap between the PDCCH order DCI and PRACH.

In addition, the PRACH on candidate cell that is not current UL serving cell may interrupt UL Tx on serving cells with PUCCH/PUSCH. Similar issue exists for SRS carrier switching, where the SRS Tx on a serving cell without PUCCH/PUSCH will interrupt UL Tx of certain serving cells with PUCCH/PUSCH, which are indicated by gNB based on UE capability report. In addition, prioritization rule has been specified if the SRS Tx on a serving cell without PUCCH/PUSCH overlaps with PUCCH/PUSCH on other serving cells.
In case of LTM, to simplify the design, we believe it makes sense to prioritize the PDCCH order based PRACH on candidate cell that is not current serving cell with PUCCH/PUSCH when the PRACH Tx overlaps with UL Tx of interrupted serving cells with PUCCH/PUSCH, since the PRACH Tx is dynamically scheduled by gNB. In this case, UL Tx on any interrupted serving cell is dropped at least during the PRACH transmission plus required switching time before and after the PRACH Tx. Having said that, as the details about whether/how to define UE behaviour when the PDCCH order band LTM PRACH transmission overlaps with other UL transmissions over one or more symbols or the gap between the two is below a certain threshold are under discussion RAN1, RAN4 should wait for RAN1 conclusion.

Observation 2: RAN4 to wait for RAN1 conclusion on whether/how to define dropping rule and interruption to active serving cells upon PDCCH-order based PRACH on a candidate cell if UE cannot perform Rx/Tx with the serving cells in parallel with the PRACH transmission or does not support simultaneous/parallel transmissions.

A query based UE capability report on PDCCH order based LTM PRACH transmission delay and interruption
As pointed out above, UE UL RF script can be differently built depending on the given serving cell configurations and such to optimize UL performances, and UE typically has a limited memory space to store all possible combinations. In other words, if PRACH transmission cell is dynamically selected, by PCell, among the configured multiple LTM cells, NW should not expect UE can always transmit the PDCCH ordered PRACH in the same timeline as the PDCCH ordered PRACH transmission to one of the serving cell. And the latency for the preparation and interruption length can be different depending on all the aforementioned configurations and parameters.
Figure 1 shows LTM PRACH preparation delays and interruption impact for three different cases:
· PRACH transmission is on cell #A which is in the same band as PCell, and the PRACH resource on cell #A is within the UE active UL BWP.
· PRACH transmission is on cell #B which is in the same band as PCell, and the PRACH resource on cell #B is outside the UE active UL BWP but within one of the configured UL BWPs.
· PRACH transmission is on cell #C which is in the same band as SCell (the SCell is in a different band than PCell)
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Figure 1. Early UL Synchronization with LTM candidate cells via PDCCH order based CF PRACH Transmission


As shown in Table 1, the impacts of LTM PRACH transmission are different in terms of the latency, interruption length, and victim cells. 

Table 1. LTM PDCCH order based PRACH transmission preparation delay
	Case 0-A1: 
current SCell with PUCCH/PUSCH and PRACH is within UL BWP
	Same as the legacy min delay + cross-carrier scheduling delay + DL sync
 N2 + ∆Delay + Tswitch + Tcs + TSSB

	Case 0-A2: 
current SCell with PUCCH/PUSCH and PRACH is outside UL BWP
	Same as the legacy min delay + cross-carrier scheduling delay + DL sync
 N2 + ∆BWPSwitching + ∆Delay + Tswitch + Tcs + TSSB

	Case 0-B: 
current SCell without PUCCH/PUSCH and PRACH is within UL BWP
	Delay in preparing a new RF/FW config/script  + Delay in tuning the new RF/FW config/script + cross-carrier scheduling delay + DL sync
 Depends on ‘duplex’ and ‘intra- vs. inter-band’

	Case 1:
NOT one of the current SCells
one of band combos for UL CA or srs-carrier switch with the current serving cells
	Delay in preparing a new RF/FW config/script  + Delay in tuning the new RF/FW config/script + cross-carrier scheduling delay + DL sync
 Depends on ‘duplex’ and ‘intra- vs. inter-band’

	Case 2:
NOT one of the current SCells
NOT in any of band combos for UL CA or srs-carrier switch with the current serving cells
	Delay in preparing a new RF/FW config/script  + Delay in tuning the new RF/FW config/script + cross-carrier scheduling delay + DL sync
 Depends on ‘duplex’ and ‘intra- vs. inter-band’



Table 1 can be also categorized and summarized as below:
· Case 1) PRACH BW within active UL BWP
· No BWP switching for LTM PRACH preparation/transmission
· Case 2) PRACH BW outside active UL BWP but within one of configured UL BWPs
· BWP switching for LTM PRACH preparation/transmission
· Case 3) PRACH BW not within any configured UL BWP (including PRACH transmission to DL-only SCell)
· UL carrier switching for LTM PRACH preparation/transmission
· From UE implementation perspective, this is not necessarily identical to SRS carrier switching
· As opposed to SRS carrier switching, UE may not always be able to build UL script upfront and store all in UE memory.
· For the above cases, an additional delay due to a cross-carrier PRACH transmission is necessary.

Observation 3: Latency and Interruption length upon LTM PDCCH order band PRACH transmission heavily depend on UE capabilities (e.g. parallelTxPRACH-SRS-PUCCH-PUSCH, band combinations of UL CA, etc.), given CA configuration, BWP configurations, and such.

With the above observations, we propose to introduce a query based UE capability report on PDCCH order based LTM PRACH transmission delay and interruption. Figure 2 shows the flow chart of the signaling for the report. Based on Proposal 1, the information to be reported in e.g. RRCReconfigurationComplete, may look like the following for the above three categories:
· Case 1) PRACH BW within active UL BWP
· No new UE capability report is needed
· Case 2) PRACH BW outside active UL BWP but within one of configured UL BWPs
· No new UE capability report is needed (the existing UE capability on BWP switching delay can be reused)
· Case 3) PRACH BW not within any configured UL BWP
· We can break down cases further, e.g. if a target cell is DL-only SCell it can be similar to SRS carrier switching. However, this will just make the capability structure very much cumbersome. In order to keep it simple while giving UE more implementation flexibility, UE can report the following aspects for respective LTM PRACH cells.
· PDCCH-to-PRACH latency
· One of the three delay values (e.g. 5ms, 10ms, 15ms)
· One value/state (> 15ms, implication is not-preferred cell for early PRACH at the given serving and LTM configurations)
· Interruption
· Direction: whether the interruption is only UL or both DL and UL if the victim cell is inter-band with LTM PRACH cell
· Band: whether the interruption is confined within the same band (intra-band) or across-bands
· Length: per-LTM PRACH cell
· Location: the starting point of the interruption is ‘interruption length + margin’ before the selected RO (no signaling, hardcoded in spec)
· In Figure 1, upon PRACH transmission to cell #B, there can be an interruption to PCell. The interruption length is the width of red rectangular box, and the window of the actual interruption is confined with the green rectangular box as an example.
· Return time (tune back to the original UL carrier after LTM PRACH transmission) for all cases
· The latency and interruption length due to tune-back may or may not be the same as the above interruption length corresponding to the LTM PRACH cell
· For all scenarios, an additional delay can be added to accommodate kind of a cross-carrier PRACH triggering delay as PDCCH is going to received form a different cell than PRACH transmission cell.
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Figure 2. A Signaling Framework for Delay and Interruption on Early UL Synchronization with LTM candidate cells
Proposal 1: RAN4 to adopt to the following query based UE capability report, and the framework is communicated to RAN1 and RAN2 via an LS:
· A serving cell queries UE capability for PDCCH-order based LTM PRACH scheduling to a non-serving cell or SCell without PUCCH/PUSCH configured.
· At the given CA/UL configurations and the list of provided cells (non-serving cell or SCell without PUCCH/PUSCH configured) with PRACH configurations,
· UE report information the serving cell can use to derive a minimum latency from the slot where the PDCCH triggering PRACH to the respective cells in the list is received to the slot where the UE can be ready to execute the triggered PRACH transmission to the respective cells.
· The information can be the total delay or a part of it if the rest is known to the serving cell, e.g. the rest delay components are not different from those defined for PDCCH-order based PRACH transmission to one of serving cells with PRACH configuration.
· Besides, the information may include interruption information too with the following details:
· During the execution delay, whether the PRACH preparation/execution causes interruption
· The information may differentiate whether the interruption is only UL or only DL or both
· The information may include a set of serving cells and/or bands which can be affected by the corresponding interruption
· The information may additionally include information about delay and/or interruption which may occur from the slot where the PRACH is transmitted and to the slot where the UE can perform the normal operations (e.g. PDCCH/PDSCH/CSI-RS reception and UL transmissions from/to the serving cells) with the affected serving cells
· The following is an example of the information to be reported:
· Case 1) PRACH BW within active UL BWP
· No new UE capability report is needed
· Case 2) PRACH BW outside active UL BWP but within one of configured UL BWPs
· No new UE capability report is needed (the existing UE capability on BWP switching delay can be reused)
· Case 3) PRACH BW not within any configured UL BWP
· The following aspects can be reported for respective LTM PRACH cells:
· PDCCH-to-PRACH latency
· One of the three delay values (e.g. 5ms, 10ms, 15ms)
· One value/state (> 15ms, implication is not-preferred cell for early PRACH at the given serving and LTM configurations)
· Interruption
· Direction: whether the interruption is only UL or both DL and UL if the victim cell is inter-band with LTM PRACH cell
· Band: whether the interruption is confined within the same band (intra-band) or across-bands
· Length: per-LTM PRACH cell
· Location: the starting point of the interruption is ‘interruption length + margin’ before the selected RO (no signaling, hardcoded in spec), and the value of margin is FFS
· Return time (tune back to the original UL carrier after LTM PRACH transmission) for all cases
· The latency and interruption length due to tune-back may or may not be the same as the above interruption length corresponding to the LTM PRACH cell

3.	Conclusion
In this paper, we proposed the following.
Observation 1: For PDCCH-order based PRACH on a candidate cell for which UE does not have active RF ready, an additional UE capability latency component, e.g. Tprepare, needs be added to the existing time gap between the PDCCH order DCI and PRACH.
Observation 2: RAN4 to wait for RAN1 conclusion on whether/how to define dropping rule and interruption to active serving cells upon PDCCH-order based PRACH on a candidate cell if UE cannot perform Rx/Tx with the serving cells in parallel with the PRACH transmission or does not support simultaneous/parallel transmissions.
Observation 3: Latency and Interruption length upon LTM PDCCH order band PRACH transmission heavily depend on UE capabilities (e.g. parallelTxPRACH-SRS-PUCCH-PUSCH, band combinations of UL CA, etc.), given CA configuration, BWP configurations, and such.
Proposal 1: RAN4 to adopt to the following query based UE capability report, and the framework is communicated to RAN1 and RAN2 via an LS:
· A serving cell queries UE capability for PDCCH-order based LTM PRACH scheduling to a non-serving cell or SCell without PUCCH/PUSCH configured.
· At the given CA/UL configurations and the list of provided cells (non-serving cell or SCell without PUCCH/PUSCH configured) with PRACH configurations,
· UE report information the serving cell can use to derive a minimum latency from the slot where the PDCCH triggering PRACH to the respective cells in the list is received to the slot where the UE can be ready to execute the triggered PRACH transmission to the respective cells.
· The information can be the total delay or a part of it if the rest is known to the serving cell, e.g. the rest delay components are not different from those defined for PDCCH-order based PRACH transmission to one of serving cells with PRACH configuration.
· Besides, the information may include interruption information too with the following details:
· During the execution delay, whether the PRACH preparation/execution causes interruption
· The information may differentiate whether the interruption is only UL or only DL or both
· The information may include a set of serving cells and/or bands which can be affected by the corresponding interruption
· The information may additionally include information about delay and/or interruption which may occur from the slot where the PRACH is transmitted and to the slot where the UE can perform the normal operations (e.g. PDCCH/PDSCH/CSI-RS reception and UL transmissions from/to the serving cells) with the affected serving cells
· The following is an example of the information to be reported:
· Case 1) PRACH BW within active UL BWP
· No new UE capability report is needed
· Case 2) PRACH BW outside active UL BWP but within one of configured UL BWPs
· No new UE capability report is needed (the existing UE capability on BWP switching delay can be reused)
· Case 3) PRACH BW not within any configured UL BWP
· The following aspects can be reported for respective LTM PRACH cells:
· PDCCH-to-PRACH latency
· One of the three delay values (e.g. 5ms, 10ms, 15ms)
· One value/state (> 15ms, implication is not-preferred cell for early PRACH at the given serving and LTM configurations)
· Interruption
· Direction: whether the interruption is only UL or both DL and UL if the victim cell is inter-band with LTM PRACH cell
· Band: whether the interruption is confined within the same band (intra-band) or across-bands
· Length: per-LTM PRACH cell
· Location: the starting point of the interruption is ‘interruption length + margin’ before the selected RO (no signaling, hardcoded in spec), and the value of margin is FFS
· Return time (tune back to the original UL carrier after LTM PRACH transmission) for all cases
· The latency and interruption length due to tune-back may or may not be the same as the above interruption length corresponding to the LTM PRACH cell
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