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Introduction
In RAN4 #108bis, the WF [1] is approved. Moreover, in RAN4 #108, Reply LS on PDCCH order RACH on neighbour cell and on UE-based TA was approved in [2] and [3].
Moreover, LSs from RAN1 has provided the latest UE feature and RRC parameters information in [4] and [5]. 
Based on all above information, we provide our view on the following aspects:
· DL synchronization before cell switch command
· UL synchronization before cell switch command
Discussion
<On TCI activation before cell switch command >
In RAN1#111(Nov.2022), the following agreement is achieved.
	Agreement:
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g. signaling and UE capability



Based on above, the intention of introducing DL sync before cell switch command is to reduce HO delay. In legacy UE behaviour during handover delay, the ‘DL sync’ may at least include the following steps:
1. symbol boundary acquisition
2. SSB index acquisition and slot/frame boundary acquisition
3. SFN (system frame number) acquisition
4. SSB-based rough time-frequency tracking
5. TRS-based fine time-frequency tracking.
Note that step 1 and 2 are normally performed during L3 measurements and step 5 is performed by UE without interruption/RRM requirements impact.
In last meeting, the scenarios where no extra time for SFN acquisition are identified, which include the case where L1-RSRP measurement has been done and available L1-RSRP reporting is received at network. Moreover, it was agreed that as baseline requirements, UE is not required to perform BB/RF preparation for RACH transmission or cell switch.
In our understanding, SSB-based L1-RSRP measurement and SSB-based T/F tracking are two different kinds of UE behaviour. UE can not be assumed to always perform SSB-based T/F tracking at the time it performs L1-RSRP measurements. In legacy TCI state switching requirements, UE is allowed separate time for SSB-based T/F tracking and SSB-based L1-RSRP measurement, if needed.
Observation 1  UE may not always perform SSB-based T/F tracking at the time it performs L1-RSRP measurements. In legacy TCI state switching requirements, separate SSB samples are allowed for L1-RSRP measurement and T/F tracking.
Therefore, our understanding to RAN1 agreements is that, the DL pre-synchronization, i.e. TCI activation before cell switch, are mainly for indication to UE to start SSB-based T/F tracking on the corresponding SSB. With this UE may transmit PDCCH ordered RACH or perform cell switch without additional delay. However, the UE needs time to complete the SSB-based T/F tracking. The end point when UE may not need additional time in cell switch or PDCCH ordered RACH, needs to be clarified in spec. For conformance requirements perspective, RRM requirements are needed.
Proposal 1  Specify LTM pre-synchronization requirements, i.e. RRM requirements for TCI activation before cell switch, in a new sub-section of TS 38.133. The end point is defined as the slot X that:
· If UE receives cell switch command to the cell with active TCI after slot X, and the TCI to be used after cell switch is activated, then UE may not need additional T_delta in cell switch delay
This TCI activation delay counts the following parts:
· SFN (system frame number) acquisition delay, if needed.
· SSB-based rough time-frequency tracking delay
A draft CR for proposal 1 is provided in our companion paper [6].
Regarding the periodicity of SSB-based tracking before cell switch, to reduce UE’s workload before cell switch, our understanding is that UE may follow existing L1-RSRP measurement periodicity. In case more than one cell is assumed during L1-RSRP measurements, the measurement for T/F tracking may follow the scheduling of L1-RSRP measurements. 
Proposal 2  For SSB-based T/F tracking before cell switch, the delay for waiting next SSB occasion follows the actual L1-RSRP measurement delay defined for SSB-based L1-RSRP measurement before cell switch.

<On UL timing requirements for PDCCH-ordered RACH>
To determine serving PCell uplink timing, UE needs to firstly calculate the DL timing of the corresponding cell. Then based on n-TimingAdvanceOffset in ServingCellConfigCommon, UE may know the initial TA NTA-Offset it needs to transmit uplink to that cell. However, n-TimingAdvanceOffset is not yet included in LTM-Candidate-r18, which means UE may not know the accurate NTA-Offset for candidate cell before sending the early RACH. On the other hand, if UE has performed early DL synchronization, i.e. the TCI of candidate cell is activated, the target cell TCI is also regarded as one of current cell TCI, similar as R17 ICBM. Therefore, the most straightforward would be, UE always assumes the serving cell n-TimingAdvanceOffset also applied for the cell where PRACH transmitted.
Observation 2  In RAN1 RRC parameters, n-TimingAdvanceOffset is not yet included in LTM-Candidate-r18.
Observation 3  In R17 inter-cell beam management for UE, the additional cell TCI can be regarded as one of current serving cell. In R18 early DL synchronization, similar UE behaviour can be assumed since early TCI activation and serving cell TCI activation are always determined by the same gNB DU.
Proposal 3  For PDCCH-ordered RACH to neighbour cell, UE always assumes the serving cell n-TimingAdvanceOffset also applies for the cell where PRACH transmitted.
Moreover, we do not see the TAG related discussion for early RACH in RAN2. Our understanding is that TAG for neighbour cell is not yet activated. According to observation 3, UE follows similar procedure as R17 ICBM except that RACH is additionally needed, and RTD between TCIs from different cells could be larger than CP if UE supports such capability. In this understanding, the reference cell specified in TS 38.133 for the TAG where UE maintains can only be serving cell.
Observation 4  In R18 LTM, no enhancement to the TAG is agreed in RAN1/2. The reference cell specified in TS 38.133 for the TAG where UE maintains can only be serving cell.
Therefore, the UL Tx timing requirements for PDCCH ordered RACH, should be based on TA of current serving cell and RTD calculated based on serving and neighbour cell Rx Timing. Considering gNB TAE issue, in R17 FR2 HST, similar discussion on one-shot autonomous TA adjustment happened, and relaxation on Te requirements was adopted in TS 38.133. In R18 PDCCH-ordered RACH before cell switch, the UL Tx timing requirements should also follow such relaxation.
	TS 38.133 v17.10.0 
7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE
When highSpeedMeasFlagFR2-r17 is configured and highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r17] capability, the following requirements apply to the UE:
-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±7*64*Tc, and the reference point is .
Above,
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.




Proposal 4  Re-use the UL timing adjustment requirements defined for R17 FR2 HST as the baseline for PDCCH-ordered RACH to neighbour cell before cell switch command.
An illustration of such timing adjustment procedure is provided in Fig. 1


Figure 1  Uplink timing determination for early RACH considering TAE between cells
Note that in Figure 1, the value of p can be larger than s2, and therefore it is possible that based on the above calculation, UE needs to actually delay the UL transmission a little based on UE autonomous adjustment.

<On uplink timing requirements for UE-based TA>
For UE supporting UE-based TA during cell switch command, UE may autonomously calculate the RTD between serving cell and neighbour cell, and compensate the UL TA accordingly. In last meeting RAN4 has replied the LS to RAN1 confirming the feasibility under certain scenarios. In our understanding, UE based TA measurement can be applied to both with-early-RACH scenario and without-early-RACH scenario. 
For the with-early-RACH scenario, UE may be indicated by PDCCH order to send PRACH to candidate cell. However, there is no conclusion in RAN1/2 yet about the maximal interval between the PRACH and the cell switch command indicating the applicable TA. In our understanding, in case the interval between PRACH and cell switch command is large, UE capable of UE-based TA adjustment can track the variation of DL RTD between source cell and target cell, and applied the indicated TA in the cell switch command with adjustment based on RTD variation, as illustrated in Figure 2.


Figure 2  Timeline of UE-based TA adjustment after early RACH
On the other hand, if network can ensure the TAE between cells is less than 260ns, the UE-based TA adjustment is also feasible, even if no PRACH is transmitted at all.
Regarding the UL Tx timing requirements, RAN4 has already made the following conclusion in RAN4 #105. Therefore, we think there is no need to have any specific UE requirements for UE-based TA.
	< Agreement in RAN4 #105>: 
Issue 1-7-1: transmit timing accuracy
· [bookmark: _Hlk118812119]Transmit timing accuracy requirements for any uplink transmission after cell switch should follow existing requirements.




Proposal 5  UE-based TA during cell switch command can be applicable to both with-early-RACH scenario and without-early-RACH scenario. RAN4 to clarify in the spec that for the case of UE-based TA, UE shall also follow existing requirements in TS 38.133. Similar to previous issue, if RTD between cells is larger than CP/4, existing requirements defined for FR2 HST can be re-used.


Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  UE may not always perform SSB-based T/F tracking at the time it performs L1-RSRP measurements. In legacy TCI state switching requirements, separate SSB samples are allowed for L1-RSRP measurement and T/F tracking.
Proposal 1  Specify LTM pre-synchronization requirements, i.e. RRM requirements for TCI activation before cell switch, in a new sub-section of TS 38.133. The end point is defined as the slot X that:
· If UE receives cell switch command to the cell with active TCI after slot X, and the TCI to be used after cell switch is activated, then UE may not need additional T_delta in cell switch delay
This TCI activation delay counts the following parts:
· SFN (system frame number) acquisition delay, if needed.
· SSB-based rough time-frequency tracking delay
Proposal 2  For SSB-based T/F tracking before cell switch, the delay for waiting next SSB occasion follows the actual L1-RSRP measurement delay defined for SSB-based L1-RSRP measurement before cell switch.
Observation 2  In RAN1 RRC parameters, n-TimingAdvanceOffset is not yet included in LTM-Candidate-r18.
Observation 3  In R17 inter-cell beam management for UE, the additional cell TCI can be regarded as one of current serving cell. In R18 early DL synchronization, similar UE behaviour can be assumed since early TCI activation and serving cell TCI activation are always determined by the same gNB DU.
Proposal 3  For PDCCH-ordered RACH to neighbour cell, UE always assumes the serving cell n-TimingAdvanceOffset also applies for the cell where PRACH transmitted.
Observation 4  In R18 LTM, no enhancement to the TAG is agreed in RAN1/2. The reference cell specified in TS 38.133 for the TAG where UE maintains can only be serving cell.
Proposal 4  Re-use the UL timing adjustment requirements defined for R17 FR2 HST as the baseline for PDCCH-ordered RACH to neighbour cell before cell switch command.
Proposal 5  UE-based TA during cell switch command can be applicable to both with-early-RACH scenario and without-early-RACH scenario. RAN4 to clarify in the spec that for the case of UE-based TA, UE shall also follow existing requirements in TS 38.133. Similar to previous issue, if RTD between cells is larger than CP/4, existing requirements defined for FR2 HST can be re-used.

References
[bookmark: _Ref20844613][bookmark: _Hlk131849391][1]  R4-2317330  WF on NR mobility enhancements (part 1), MediaTek. RAN4 #108bis
[2]  R4-2314454  Reply LS on PDCCH order RACH on neighbour cell, CATT.  RAN4 #107
[3]  R4-2314455  Reply LS on beam application time and UE based TA measurement for LTM, Ericsson.  RAN4 #107
[4]  R4-2315006[R1-2308523]  LS on Rel-18 RAN1 UE features list for NR after RAN1#114.  RAN4 #108bis
[5]  R4-2315015[R1-2308674]  LS on Rel-18 higher-layers parameter list.  RAN4 #108bis
[bookmark: _GoBack][6]  R4-2319055  draftCR on RRM requirements for TCI activation before cell switch, vivo.  RAN4 #109


 8 / 8

image1.emf
Source gNB Tx timing

UE Rx timing for Source gNB

UE Tx timing for Source gNB 

Source gNB Rx timing

Candidate gNB Tx timing

UE Rx timing for Candidate gNB

UE Tx timing for Candidate gNB 

for early RACH

Candidate gNB Rx timing for early RACH

TAE = 0

Source gNB DL 

Source gNB DL 

Source gNB UL

Source gNB UL

s1

Candidate gNB  DL 

s2

Candidate gNB UL

Candidate gNB DL

(RTD = s1-s2) 

Candidate gNB UL

s2

Source gNB DL 

Source gNB DL 

Source gNB UL

Source gNB UL

s1

2*s1-2*(p+s1-s2)

= 2*(s2-p)

s1

Candidate gNB  DL 

s2

Candidate gNB UL

Candidate gNB  DL

(RTD = p+s1-s2) 

Candidate gNB UL

s2

TAE = p us

2*s1 

–

 2*(s1 - s2)

= 2*s2

s2-2p


Microsoft_Visio_Drawing.vsdx
Source gNB Tx timing
UE Rx timing for Source gNB
UE Tx timing for Source gNB
Source gNB Rx timing
Candidate gNB Tx timing
UE Rx timing for Candidate gNB
UE Tx timing for Candidate gNB for early RACH
Candidate gNB Rx timing for early RACH
TAE = 0
Source gNB DL
Source gNB DL
Source gNB UL
Source gNB UL
s1
Candidate gNB  DL
s2
Candidate gNB UL
Candidate gNB DL
(RTD = s1-s2)
Candidate gNB UL
s2
Source gNB DL
Source gNB DL
Source gNB UL
Source gNB UL
s1
2*s1-2*(p+s1-s2)
= 2*(s2-p)
s1
Candidate gNB  DL
s2
Candidate gNB UL
Candidate gNB  DL
(RTD = p+s1-s2)
Candidate gNB UL
s2
TAE = p us
2*s1 – 2*(s1 - s2)
= 2*s2

s2-2p



image2.emf
NW indicate DL sync 

on the target cell

UE perform DL sync 

with L1 measurements

NW indicate early 

RACH to target cell

UE send RACH based 

on RTD

1

NW send cell switch 

command with TAC, 

now RTD = RTD

2

UE transmit uplink based on 

TAC and (RTD

2

 

–

 RTD

1

)

Interval between PDCCH ordered 

RACH and CSC. UE performed UE 

based TA adjustment to 

compensate RTD variation


Microsoft_Visio_Drawing1.vsdx
NW indicate DL sync on the target cell
UE perform DL sync with L1 measurements
NW indicate early RACH to target cell
UE send RACH based on RTD1
NW send cell switch command with TAC, now RTD = RTD2
UE transmit uplink based on TAC and (RTD2 – RTD1)
Interval between PDCCH ordered RACH and CSC. UE performed UE based TA adjustment to compensate RTD variation



