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[bookmark: _Hlk110923768]In this contribution, we provide our views on the PDCCH order-based RACH delay requirements of the L1/L2 based inter-cell mobility (LTM). 
Discussion
  PDCCH order-based RACH delay requirements 
In last meeting there was discussion on whether PDCCH order-based RACH requirements to be defined in RAN1 or RAN4. In legacy, PRACH transmission timeline is captured in RAN1 and RAN2 specs of TS 38.213 and 321. We think same approach can be followed. However, in last meeting RAN1 sent an LS to RAN4 and RAN1 may need RAN4 answer to specify the delay requirements for PDCCH order-based RACH. In this contribution we discuss RAN1 LS so that RAN1 can specify delay requirement in RAN1 spec. LS is copied below for reference.
	RAN1 discussed the time gap between a PDCCH order and the corresponding PRACH transmission for LTM. RAN1 believes that this will require that the time gap is increased at least for the following scenario
· For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH or inter-frequency with the current serving cell
RAN1 relies on RAN4: 
· to verify the need for the above additional latency and, if so, the corresponding value is needed.
· to investigate any impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH
· to verify the need for any update is required to ΔBWPSwitching, ΔDelay if so, the corresponding values and whether UE capability is needed
Potential RAN1 spec update will be based on RAN4’s feedback.



As per TS 38.213, when random access is initiated by PDCCH order, UE should be able to transmit first symbol of PRACH within   msec. Text from the RAN1 specification is produced below for reference.  Where,
NT,2 is the time for UL signal generation (e.g., PUSCH or PRACH signal generation time) or preparation time. Our understanding is this includes time for signal generation and mapping of signal in frequency domain to IFFT to convert into time domain. In other words, this is the time required for generating first symbol of RACH or PUSCH. 
∆BWPSwitching is BWP switching delay if the signal to be transmitted is in other BWP than active BWP.
 
	[bookmark: _Hlk134739141][bookmark: _Hlk134739114]If a random access procedure is initiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH in the selected PRACH occasion, as described in [11, TS 38.321], for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to  msec, where 
-	 is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission 
Where N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211]. 
-	 if the active UL BWP does not change and  is defined in [10, TS 38.133] otherwise 
-	 msec for FR1 and  msec for FR2
-	 is a switching gap duration as defined in [6, TS 38.214]



When a UE is requested with PDCCH order-based RACH on serving cell, current requirement is assumed that UE is DL synchronised with serving cell and time required for RACH transmission is only for processing of PDCCH order, MAC processing delay, generation of RACH signal and the switching times (if UE needs to transmit RACH to another carrier than current UL) to transmit RACH on other serving cell. 
As discussed with companies in offline, components involved in PDCCH order-based RACH on neighbour cell is shown in figure below. 
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When UE receive PDCCH order to transmit RACH on neighbouring cell, from the signal generation delay point of view, we think UE can perform RACH signal generation and map it to IFFT (to generate first symbol of RACH on target cell) within the existing UE processing time of NT,2. Other components of BWP switching and UL carrier switching delay should be same the existing delays as UE is capable of transmitting RACH to multiple serving cells even in legacy framework. One main difference we see from the delay point of view is UE is DL synchronised to serving cells and UE is required to transmit RACH to only those serving cells where UE is DL synchronised in legacy.
In last meeting it was discussed whether any additional time is needed for RF and baseband processing in addition to the existing delay. As per our understanding RRC message which configures LTM can be divided into two parts. One part containing LTM measurement config and other part containing LTM cell config to be used after the UE is handed over to the cell. As per our understanding UE should read and decode the first part (i.e., measurement configuration) of the configuration when UE is provided with LTM configuration. Second part of the configuration may be processed by UE when the cell switch command is received. As per our understanding first part of the configuration has to be processed and be ready to be loaded into the UE RF and based band. When MAC layer initiates RACH on neighbour cell, UE should load the RF and baseband with the target configuration and transmit the RACH on neighbour cell. When UE return to the serving cell, UE shall be able to load RF and baseband configuration for the serving cell. As per our understanding the time required for UE to load serving cell configuration after performing RACH on neighbour cell should be same as loading neighbour cell configuration before performing RACH. 
Proposal 1:  RF retuning, baseband processing time for RACH on neighbour cell should be same as return time after transmitting RACH on neighbour cell.
 
Additional Sync delay:
If UE need to transmit RACH to neighbour cell, we think UE need to first acquire time and frequency sync before transmitting on the candidate cell as UE need to meet initial transmission error requirements for RACH transmission. Since UE make LTM measurements on the candidate cells, UE may be maintaining sync to some of the cells. If UE is assumed to be synchronised to the candidate cell before receiving PDCCH order, we think it is same as transmitting RACH on the serving cell and no additional delay is required for transmitting RACH to candidate cell. If UE is not synchronised to the candidate cell on which PDCCH order-based RACH is received, UE need to synchronise to the candidate cell and can transmit the RACH on target cell only after receiving a SSB to perform DL synchronisation. However, the UE measurement schedules of different cells may not be known at the gNB. To have common understanding among the gNB and UE, and to help gNB determine and schedule the RO occasion accurately, if the NW configures TCI state before requesting the PDCCH order, then UE do not need any additional time for T/F acquisition for performing RACH. 
Proposal 2:  If a RACH is triggered on a cell whose TCI state was activated before PDCCH order, UE do not need any additional delay for synchronisation.  
Other issue discussed was, does return time should be more than the legacy return time when the RTD is more than CP. Our understanding is in legacy CA framework, UE is able to transmit RACH on other serving cells whose MRTD is around 33µs. Based on this we think additional return time than legacy return time is not needed irrespective of RTD of the neighbour cell.
Proposal 3:  Return time after performing RACH on neighbour cell to be agreed as same as legacy value.
Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:  RF retuning, baseband processing time for RACH on neighbour cell should be same as return time after transmitting RACH on neighbour cell.
Proposal 2:  If a RACH is triggered on a cell whose TCI state was activated before PDCCH order, UE do not need any additional delay for synchronisation.  
Proposal 3:  Return time after performing RACH on neighbour cell to be agreed as same as legacy value.
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