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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we provide our views on the beam application time and UE based TA estimation feasibility. 
Discussion
[bookmark: _Toc5952573]RAN1 requests RAN4 feedback on following issues in their LS to RAN4.
· Beam switch time
· Feasibility of UE based TA management. 
We provide our views on these two issues.
Beam switching time

	RAN1 has made the following agreement in RAN1#113:

Agreement
· For the beam application time for Rel-18 LTM,
· Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)
· FFS: reference SCS, i.e., serving cell and/or target cell
· At least the following components are further studied to define the beam application time
· Whether TCI state activation is received before/together with cell switch command
· Legacy values, i.e.,  and BeamAppTime-r17
· RF retuning time when inter-frequency switch is performed, which is up to RAN4
· Whether the target cell is one of the current serving cells
· Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 

RAN1 respectfully asks RAN2 and RAN4 to provide their feedback to complete the RAN1 work on beam switching time for LTM.



As per RAN1 agreement, beam application time starts from the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication and further consist of following three components. 
1. MAC CE processing time 
2. QCL determination and application time 
3. Fine timing acquisition
MAC CE processing time can be assumed as legacy value (which is 3ms). The time required to complete QCL determination and application, and fine timing acquisition may vary depending on different cases and we analyze the delay for these different cases below.
[bookmark: _Hlk142045972]When UE receive the TCI state activation before receiving the cell switch command. 
In this scenario, UE have activated the TCI state before receiving the cell switch command. That means UE had determined the QCL relation parameters and been tracking the fine timing for the activated TCI state. If the activated TCI state is indicated in the cell switch command, the beam application time can be same as BeamAppTime-r17 as UE just need to perform spatial parameters switch to receive beam in target beam direction.  
Proposal 1:  [bookmark: _Hlk142680900]When UE receive the TCI state activation before receiving the cell switch command, beam application time is same as BeamAppTime-r17.

When UE receive the TCI state activation along with the cell switch command. 
In this scenario, UE need to activate the TCI state after receiving the cell switch command. That means UE must determine the QCL relation parameters and need to perform fine time tracking if the RS associated with TCI state is measured before certain time ((e.g., 160ms). In this scenario, beam application time involve time for determining the best beam direction (depending on FR1 or FR2) to receive for the target TCI state and time fine time tracking. In FR1, UE need not perform RX beam sweeping and time for determining best beam direction is 0. In FR2, UE need to perform RX beam sweeping and compute L1-RSRP to determine best beam direction for the target TCI state. In FR1 and FR2, UE need to acquire fine time tracking before activating the TCI state. 
Proposal 2:  When UE receive the TCI state activation along with the cell switch command, beam application time involves:
· Time required to perform fine time tracking in FR1, if the RS measured is before 160ms.
· Time required for performing L1-RSRP measurement and fine time tracking in FR2 on the target RS.  
  
When the target cell is one of the serving cells
In this scenario, beam application time depends on whether the TCI state is activated at the UE or not when the target cell was one of the serving cells for the UE. As per our understanding, this scenario can also be covered by above two cases of whether the TCI states of the serving cell were active or not in the old cell. If the TCI state to be activated is within the active TCI list in the old serving cell, then the beam application time can be BeamAppTime-r17. If not, then UE need additional samples for L1-RRSP measurement and fine time tracking based on FR1/FR2 to determine the best beam reception direction. 
 
Proposal 3:  When the to be activated TCI state is in the active TCI state list in the old serving cell, then the beam application time is same as BeamAppTime-r17.

Proposal 4:  When the to be activated TCI state is not in the active TCI state list in the old serving cell then the beam application time is same as proposal 2.  



UE based TA management    
RAN1 has confirmed the following working assumption, which was made in RAN1#112:
	Working Assumption
From RAN 1 perspective, UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec

RAN1 respectfully asks RAN4 to analyze the feasibility of supporting this mechanism.




Main goal of TA is to have UL synchronisation for the UE at the gNB so that UE UL transmission does not overlap with other UEs or next slots UL transmission. When UE estimates the TA, the same purpose should be served. We analyse whether UE based TA estimation can satisfy existing RAN4 transmit timing requirements for the UE.
As per our understanding, UE based TA estimation is a function of following two components. 
Target cell TA= f (serving cell TA, Propagation Delay (PD) difference between serving and target cell)
We analyse the maximum errors in each of the components of serving cell TA and error in PD difference estimation to check if the total error in UL Transmit timing is within acceptable level.
Error in serving cell TA:  
For each UL transmission, with TA derived at gNB, maximum reception error w.r.t frame boundary of gNB is given by  
TBSE = Te + TACE + TAAE                                                                                                            (1)
Where:
· Te = UE transmit timing error (section 7.1.2, TS 38.133)
· TACE = TA command resolution error (section 4.2, TS 38.213)
· TAAE = TA adjustment accuracy (section 7.3.2, TS 38.133)

For FR1, for SCS of 15 kHz, TBSE corresponds to 24Ts (12Ts + 4Ts+ 8Ts). That means TBSE is 0.786µs. Since this error of 0.8µs w.r.t gNB frame boundary is less than CP, there is NO interference caused by UE UL transmission at the gNB. 
Since UE has error in DL time estimation for serving cell and target cell, total error can be 2*Te due to DL timing error estimation. Since UE derives TA from the PD estimation, error due to quantization and adjustment also pops in for UE based TA estimation. That means the error due to DL timing errors and TA adjustments are 1.6µs. 

Error in PD difference estimation between serving and target cell:
In mobility scenario since serving and target cell are different location, there can time alignment error between serving and target cell. As per current specification shown below, the time alignment error for inter-band CA is 3µs. 

	For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
The time alignment error requirements for NB-IoT are specified in TS 36.104 [13] clause 6.5.3.



If UE derive TA based on the RTD experienced by UE, UE may not know whether the UE experienced RTD is due to propagation delay (PD) difference or TAE between source and target cell. In UE based TA estimation, UE should determine PD and UE should apply 2 times PD for its UL transmission as the TA value. Since UE do not know whether the computed RTD is due to PD or TAE, it must treat RTD as PD. Hence the error in PD estimation is 2*RTD or at least 2*TAE+delta. Based on this, error in PD is computed below for different TAE values supported at different deployment scenarios. 

For TAE of 65ns, error in PD estimation is 130ns+delta.
For TAE of 260ns, error in PD estimation is 520ns+delta.
For TAE of 3µs, error in PD estimation is 6µs+delta.

Total error due to serving cell TA and error in PD estimation:
Serving cell TA error is 1.6µs and for different TAE total error at the gNB can be 
For TAE of 3µs, error in PD estimation is 6µs. and total error can be 7.6µs. It is clearly higher than the CP of FR1 for SCS of 15kHz. In this case with estimated error in TA, UE will cause inter symbol interference at UL. 
When TAE is 260ns, UE applies 520ns as the TA w.r.t PD and total error can be 2.12µs, however this scenario is not typical mobility scenario as TAE of 260ns can only be possible if the radio units of serving and target are same. WE think this may not be typical mobility scenario.
TAE is 65ns is for MIMO system and that level of synchronisation is not possible to achieve in mobility use cases.
Based on the above analysis we think that UE based TA estimation do not work for mobility scenarios. 

Proposal 5:  RAN4 to agree that UE based TA estimation do not work for mobility scenarios 
Proposal 6:  RAN4 to inform RAN1 that UE based TA estimation don’t work for mobility scenarios.  
Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:  When UE receive the TCI state activation before receiving the cell switch command, beam application time is same as BeamAppTime-r17.
Proposal 2:  When UE receive the TCI state activation along with the cell switch command, beam application time involves:
· Time required to perform fine time tracking in FR1, if the RS measured is before 160ms.
· Time required for performing L1-RSRP measurement and fine time tracking in FR2 on the target RS.  
Proposal 3:  When the to be activated TCI state is in the active TCI state list in the old serving cell, then the beam application time is same as BeamAppTime-r17.

Proposal 4:  When the to be activated TCI state is not in the active TCI state list in the old serving cell then the beam application time is same as proposal 2.  

Proposal 5:  RAN4 to agree that UE based TA estimation do not work for mobility scenarios 
Proposal 6:  RAN4 to inform RAN1 that UE based TA estimation don’t work for mobility scenarios.  
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1. Overall Description:
RAN4 would like to thank RAN1 for the LS. RAN4 discussed the beam application time and UE based TA estimation and requests RAN1 to consider following agreements in their specification. 

Agreement: 
Beam application time:
· When UE receive the TCI state activation before receiving the cell switch command, beam application time is same as BeamAppTime-r17.
· When UE receive the TCI state activation along with the cell switch command, beam application time involves:
· Time required to perform fine time tracking in FR1, if the RS measured is before 160ms.
· Time required for performing L1-RSRP measurement and fine time tracking in FR2 on the target RS.  
· When the to be activated TCI state is in the active TCI state list in the old serving cell, then the beam application time is same as BeamAppTime-r17.

· When the to be activated TCI state is not in the active TCI state list in the old serving cell then the beam application time is same as first two bullets.  

UE based TA estimation:

· UE based TA estimation do not work for mobility scenarios due to TAE and error in PD estimation due to TAE at UE
		
2. Actions:
To: RAN41
ACTION: 	RAN4 respectfully asks RAN1 to take the above into their speciation work. 
 
3. Date of Next TSG-RAN WG1 Meetings:	
TSG RAN WG4 Meeting #108-bis                     09 to 15, Oct. 2023			Xiamen, China
TSG RAN WG4 Meeting #109                     		13 to 17, Nov. 2023			Chicago, USA
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