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[bookmark: _Ref488331639]Introduction 
In this contribution, we would like to provide our views on open issues for early sync and RACH-less LTM.
[bookmark: _Ref178064866]Discussion
Early synchronization
RACH configuration for early sync
To reduce the latency caused by UL synchronization procedure during handover, RAN1 has agreed to support early synchronization for TA acquisition of a candidate cell before cell switch command is received. PDCCH ordered-CFRA is performed for early synchronization to candidate cell(s) and RAN2 further confirmed that without RAR is prioritized in Rel-18. 
In legacy RACH procedure, UE performs carrier selection during the initialization of RACH procedure, i.e., if the carrier is explicitly signalled, UE selects the signalled carrier for performing RACH procedure. 
According to the endorsed MAC running CR [1], legacy behaviour on UL carrier selection is assumed to be reused for early sync. While based on RRC running CR for LTM, the RACH resources for early sync are not configured per UL carrier, which is aligned with the parameter list provided by RAN1.
[image: ]
Furthermore, according to RAN1 CR [2], the UL/SUL indicator in PDCCH order is applied to indicate what UL carrier in the cell to transmit the PRACH if the UE is configured with supplementaryUplink in ServingCellConfig in the cell. While for LTM candidate cells, the RACH resources for early sync is configured outside the LTM candidate cell configuration, i.e., not in ServingCellConfig, which means that the UL/SUL indicator in current RAN1 CR can not be reused for early sync procedure.
	-	UL/SUL indicator – 1 bit. If the value of the "Random Access Preamble index" is not all zeros and if the UE is configured with supplementaryUplink in ServingCellConfig in the cell, this field indicates which UL carrier in the cell to transmit the PRACH according to Table 7.3.1.1.1-1; otherwise, this field is reserved


Therefore, further confirmation with RAN1 is needed on whether the RACH resources for early sync can be configured per UL carrier and whether the UL carrier to perform early sync is indicated in PDCCH order
[bookmark: _Toc149920034]RAN2 further check with RAN1 on whether the RACH resources for early sync can be configured per UL carrier. 
Coexistence between early sync and LBT
As the FFS left from previous RAN2 meeting, further discussion is needed on how to handle the case if the preamble transmission fails due to LBT failure during early synchronization procedure. 
	FFS if UE transmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication if preamble transmission encounter the LBT failure. 



The issue has been discussed in offline email [3] but no consensus was made. There are two options on table as provided in the email:
· Option1: UE autonomously retransmits PRACH preamble without power ramping upon LBT failure as in legacy.
· Option2: UE retransmits without power ramping upon reception of PDCCH order with retransmission indication.
In our understanding, the NW is not aware of the reasons that result in a failed preamble transmission during early sync. If the TA is not obtained successfully, the NW will send another PDCCH order to schedule the retransmission. If UE performs autonomous retransmission as in Option1, it is questionable on the resources that can be used for retransmissions, e.g., the RACH resources indicated by PDCCH order may not valid anymore since it is possible that the NW has allocated the resources to another UE. Furthermore, since the failure of preamble transmission is not caused by a low transmission power for LBT failure case, the power ramping counter does not need to be increased when the retransmission indication is received. Therefore, Option2 is preferred by us to address the LBT failure case during early sync.
[bookmark: _Toc146696718][bookmark: _Toc146703519][bookmark: _Toc146703686][bookmark: _Toc146696719][bookmark: _Toc146703520][bookmark: _Toc146703687][bookmark: _Toc146696720][bookmark: _Toc146703521][bookmark: _Toc146703688][bookmark: _Toc146696721][bookmark: _Toc146703522][bookmark: _Toc146703689][bookmark: _Toc146696722][bookmark: _Toc146703523][bookmark: _Toc146703690][bookmark: _Toc146696723][bookmark: _Toc146703524][bookmark: _Toc146703691][bookmark: _Toc146696724][bookmark: _Toc146703525][bookmark: _Toc146703692][bookmark: _Toc146696725][bookmark: _Toc146703526][bookmark: _Toc146703693][bookmark: _Toc146696726][bookmark: _Toc146703527][bookmark: _Toc146703694][bookmark: _Toc146696727][bookmark: _Toc146703528][bookmark: _Toc146703695][bookmark: _Toc146696728][bookmark: _Toc146703529][bookmark: _Toc146703696][bookmark: _Toc146799868][bookmark: _Toc149920035]UE transmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication if preamble transmission encounters the LBT failure.
RACH-less LTM
UE-based TA measurement
[bookmark: _Hlk130474009][bookmark: _Hlk149570390]As the agreement achieved from last RAN2 meeting, UE can be configured by RRC to perform UE-based TA measurement.
	If UE is configured by RRC to perform UE based TA measurement, UE applies the measured TA value and performs RACH-less LTM, upon LTM cell switch. (assume similar config as for L2 reset)



According to the CR implementation, upon the reception of LTM cell switch command, RRC informs the lower layers to perform UE-based TA measurements if configured for the target cell. UE initiates RACH-less LTM and performs the first UL data transmission to the target cell with the measured TA value. 
As agreed, both CG and DG can be applied for the first UL data transmission. For DG scheduling, the TA is taken into account for the value set of slot offset K. If UE-based TA measurement is performed by UE, the TA value applied by UE may not be known for the target cell, which may lead to an invalid UL scheduling. For example, the NW may set the slot offset to a value smaller than the TA without being aware of the TA value applied by UE. To avoid this issue, we may have the following two solutions:
· Solution1: It is up to the NW to avoid an invalid DG scheduling, e.g., the NW can set the slot offset value by assuming that the largest TA value is applied by UE.
· Solution2: DG is not scheduled for the first UL data transmission, i.e., Only CG resources can be applied.
Observation 1: If the TA value measured by UE is not known to the target cell, the target cell may provide an improper slot offset value for DG scheduling, which may lead to an invalid UL grant.
[bookmark: _Toc149920036] If UE-based TA measurement is configured, we rely on NW to guarantee a valid DG scheduling or only CG resources is supported for the first UL data transmission for RACH-less LTM.
To guarantee the subsequent DL scheduling and UL transmission, the TA value pre-compensated by UE is also needed for the NW. In order to inform the NW of the measured TA, it is proposed that the UE shall triggers the TA reporting procedure as soon as possible, i.e., upon the reception of LTM cell switch command.
[bookmark: _Toc149920037]Upon the reception of LTM cell switch command, UE triggers TA reporting to the target cell if UE is indicated to perform UE-based TA measurement. 
As for the TA reporting, a procedure with the same intention has already been defined for NTN scenario, i.e., Timing Advanced Reporting procedure is used to provide the gNB with an estimate of the UE’s TA value and the Timing Advance Report MAC CE is applied to report the TA value. The granularity of the reported TA value is slot (i.e., 1ms) for NTN according to the following text.
	[bookmark: _Toc146701317]6.1.3.56	Timing Advance Report MAC CE
The Timing Advance Report MAC CE is identified by MAC subheader with LCID as specified in Table 6.2.1-2. It has a fixed size and consists of two octets defined as follows (Figure 6.1.3.56-1):
-	R: Reserved bit, set to 0;
-	Timing Advance: In FR1, the Timing Advance field indicates the least integer number of slots, using subcarrier spacing of 15 kHz, greater than or equal to the Timing Advance value (see TS 38.211 [8], clause 4.3.1). The length of the field is 14 bits.


Figure 6.1.3.56-1: Timing Advance Report MAC CE


While for TN scenario, the granularity of TA may need to be much smaller, e.g., as for the absolute TA value that can be indicated by RAR or absolute TA MAC CE, the granularity can be. Considering that the legacy NTN Timing Advance Report MAC CE cannot be reused, a new UL MAC CE with a similar function should be introduced for LTM
[image: ]
[bookmark: _Toc149920038]A new UL MAC CE is introduced to report the measured TA for LTM.
Allowance of new UL transmissions during LTM execution
For RACH-less LTM, UE shall indicate the arrival to the target cell by performing the first UL data transmission . And the RACH-less LTM is considered as successfully complete when the acknowledgement for the first UL data is received from NW. Based on the agreement made in last RAN2 meeting, the acknowledgement from NW can be either a DL assignment or an UL grant for new transmission addressed to the same HARQ process as the one used for the first UL data transmission.
	[bookmark: _Hlk146540582]For RACH-less LTM, the UE determines successful reception of its first UL data based on receiving a PDCCH addressing the UE’s C-RNTI in the target cell scheduling a new transmission as first UL transmission. Can be either DL assignment or UL grant addressed to same HARQ process for the “new transmission”



Other than the first UL data, it is still unclear whether other UL data transmissions (e.g., subsequent data transmissions) to the target cell can be allowed before LTM completion. According to the agreements, the reception of DL assignment can be an option to determine the first UL data has been successfully received by NW. If subsequent UL data transmissions are supported, UE may have trouble to distinguish whether this DL assignment is received due to the successful transmission of the first UL data or subsequent UL data. In addition, it is also possible that UE may receive a new transmission scheduling addressed to the same HARQ process as the one applied for subsequent data transmission. This case may bring another issue on how to handle with this kind of scheduling, e.g., whether it can be used to declare LTM completion.
Considering the potential complexity, it is proposed that the subsequent UL data transmissions during LTM execution are not supported.
[bookmark: _Toc142664759][bookmark: _Toc146799870][bookmark: _Toc149920039]New UL data (i.e., the data other than the first UL data) transmissions on CG/DG are not allowed before LTM completion.
As defined in TS38.321, UE will start or restart the configuredGrantTimer for the corresponding HARQ process when the UL transmission on CG is performed. The main purpose of introducing CGT is to avoid overriding of the data in HARQ buffer, i.e., if the CGT for a HARQ process is running, new UL transmission on the CG occasion associated with the same HARQ process is not allowed. According to current RRC specification, the CG resources can be configured to associate with multiple HARQ processes and the CG occasions are available for transmission if the corresponding CGT is not running. 
For LTM, it is not expected to perform parallel UL transmissions on CG occasions associated with multiple HARQ processes before LTM completion as in Proposal 3, so the following alternatives can be considered for avoidance:
· Alt1: Only one HARQ process can be used for CG-based UL transmission during LTM, e.g., the HARQ process ID can be based on NW configuration or be 0 in default.
· Alt2: Introducing a restriction in MAC specification to prohibit the use of CG resources associated with other HARQ processes during LTM. 
Alt1 is more desirable since Alt2 may lead to the waste of resources.
[bookmark: _Toc142664761][bookmark: _Toc146799872][bookmark: _Toc149920040][bookmark: _Toc134264309][bookmark: _Toc134643127][bookmark: _Toc134643395][bookmark: _Toc134643431]Only one HARQ process is configured for CG-based UL transmission for RACH-less LTM.
Fallback from RACH-less LTM to RACH-based LTM
Upon the reception of LTM cell swtich command, UE determines to perform RACH-less LTM if the TA value and the beam information for the target cell has been known.
For the TA value, it can be either included in the LTM cell switch MAC CE or measured by UE itself. According to LTM progress, the NW can trigger UE to perfrom early sync to candidate cell in order to pre-obtian the TA before cell switch. In this procedure, the TA is determined by the candidate/target cell, and the cell switch is triggered by the souce serving cell. In order to include the TA value in the LTM cell switch MAC CE, the candidate/target cell needs to inform the source cell of the TA value before triggering LTM. While the indicated TA may be outdated due to UE movement since it is not a real-time estimation. If UE performs the first UL data transmission with an inaccurate TA value, the transmission can not be received by NW, which will lead to LTM failure. The same problem may also hapen if a beam with bad quality is applied during LTM execution. For example, the UE can not receive the aknowlegement from NW for the first UL data transmission if the DL beam is getting worse.
For the above cases, it would be benefial to fallback from RACH-less LTM to RACH-based LTM in order to avoid LTM failure.
[bookmark: _Toc149920041]UE can fallback from RACH-less LTM to RACH-based LTM for the following cases:
a. [bookmark: _Toc149920042]The indicated TA is considered as invalid.
b. [bookmark: _Toc149920043]The indicated beam is getting worse.
Based on Proposal 5, the following issue is how can UE determine whether the indicated TA is invalid or the indicated beam is not good enough for transmissions.
For the validity check of TA, the similar way as in R17 SDT can be considered to follow. In R17 SDT, UE will store the RSRP of the downlink pathloss reference for TA validation upon reception of RRC release message, and then compare the RSRP difference when UE is performing the TA validation. If the RSRP change does not exceed the configured threshold, UE assumes the TA is valid. For RACH-less LTM, UE can store the RSRP of the downlink pathloss reference upon performing the preamble transmission for early sync. And when LTM cell switch command is received, UE compares the RSRP change for TA validation. If TA is not valid, UE can fallback to RACH-based LTM.

[bookmark: _Toc146541595][bookmark: _Toc146799875][bookmark: _Toc149920044]RAN2 further study whether and how to evaluate the TA validity upon reception of LTM cell switch command, e.g., UE check the TA validity of target cell by comparing the RSRP change.
For the check on the radio link quality of the indicated beam, the simplest way might be comparing the latest L1 measurement results of the indicated beam with a threshold, i.e., if the RSRP of the beam is higher than the threshold, the transmissions can be continued, otherwise, UE can fallback to RACH-based LTM.
[bookmark: _Toc149920045]RAN2 further study whether and how to evaluate the beam quality during LTM execution, e.g., UE check the radio link quality of the indicated beam based on an RSRP threshold.
[bookmark: _Toc133575977][bookmark: _Toc133575996]Conclusion
Based on the discussion in section2, we have the following observation:
Observation 1: If the TA value measured by UE is not known to the target cell, the target cell may provide an improper slot offset value for DG scheduling, which may lead to an invalid UL grant.
Based on the discussion in section 2 we have following proposals:
Proposal 1	RAN2 further check with RAN1 on whether the RACH resources for early sync can be configured per UL carrier.
Proposal 2	UE transmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication if preamble transmission encounters the LBT failure.
Proposal 3	If UE-based TA measurement is configured, we rely on NW to guarantee a valid DG scheduling or only CG resources is supported for the first UL data transmission for RACH-less LTM.
Proposal 4	Upon the reception of LTM cell switch command, UE triggers TA reporting to the target cell if UE is indicated to perform UE-based TA measurement.
Proposal 5	A new UL MAC CE is introduced to report the measured TA for LTM.
Proposal 6	New UL data (i.e., the data other than the first UL data) transmissions on CG/DG are not allowed before LTM completion.
Proposal 7	Only one HARQ process is configured for CG-based UL transmission for RACH-less LTM.
Proposal 8	UE can fallback from RACH-less LTM to RACH-based LTM for the following cases:
a.	The indicated TA is considered as invalid.
b.	The indicated beam is getting worse.
Proposal 9	RAN2 further study whether and how to evaluate the TA validity upon reception of LTM cell switch command, e.g., UE check the TA validity of target cell by comparing the RSRP change.
Proposal 10	RAN2 further study whether and how to evaluate the beam quality during LTM execution, e.g., UE check the radio link quality of the indicated beam based on an RSRP threshold.
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A   timing advance command   [11, TS 38.321]   i n case of random access response   or in an absolu te t iming  advance c ommand MAC CE ,  𝑇 A ,  for a TAG   indicates  𝑁 TA   values by index values of   𝑇 A   = 0, 1, 2, ...,  3846 ,  where a n   amount of the time alignment   for the TAG   with   SCS   of  2 𝜇 ∙ 15   kHz   is 𝑁 TA = 𝑇 A ∙ 16 ∙ 64 2 𝜇 Τ .  𝑁 TA   is  defined in  [4, TS 38.211 ]   and is relative to the  SCS   of the  first uplink transmission from the UE after the  reception of the random access response or absolute timing advance c ommand MAC CE .  
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- EarlyUL-SyncConfig.
The IE EarlyUL-SyncConfig is used to configure random access resources for the early UL synchronization procedure.

EarlyUL-SyncConfig information element.

EarlyUL-SyncConfig SEQUENCE {¢

frequencyInfoUL-rls FrequencyInfoUL OPTIONAL, —-
rach-ConfigGeneric-r18 RACH-ConfigGeneric, ¢
bwp-GenericParameters-ris BB,
ssb-PerRACE-Occasion-rls ENUMERATED {oneEighth, oneFourth, oneHalf, ome, two, four, eight, sixteen) OPTIONAL, —-
prach-RootSequenceTndex-rl8 CHOICE {o

1839 INTEGER (0..837),¢

1139 INTEGER (0..137)¢
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