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1	Introduction
L1/L2 mobility (LTM) is the main part of the Rel-18 work item [1]. In the Rel-18 mobility WI, the serving cells of the UE will be updated based on an indication provided in MAC CE. 
In this contribution, we discuss the open issues TA management for LTM.
[bookmark: _Ref178064866]2	Discussion
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[bookmark: _Ref114840128]Figure 1: RAN2 agreed baseline timeline for L1/L2 inter-cell mobility.
Figure 1 shows the RAN2 agreed baseline timeline for L1/L2 inter-cell mobility. The network has prepared a set of candidate configurations, and at some point, the network identifies a target cell for the handover. 
In RAN2#122, the following agreement was made:
The size of “Target Configuration ID” field in the LTM Command MAC CE is 3-bits, and the maximum number of LTM candidate cells in RRC configuration is 8.

When discussing various procedures, it is relevant to keep this in mind: the maximum number of configured LTM candidates is equal to eight.
2.1	PDCCH ordered RACH without RAR
2.1.1	The use of the cell field
In RAN1#114bis, the following agreement was made
Agreement
The bit field codepoint ‘0’ of cell indicator field in PDCCH order indicates PRACH for current serving cell, the rest bit field codepoints are mapped to candidate cells configured with EarlyUlSyncConfig-r18.
· One-to-one mapping between bit field codepoint from 1 to C to candidate cell IDs in an ascending order

This was then captured in [6]:
Excerpt from [6]
-	Cell indicator - bits indicating the cell for the corresponding PRACH transmission if the UE is configured with higher layer parameter EarlyUlSyncConfig, where C is the number of candidate cells configured with higher layer parameter EarlyUlSyncConfig; 0 bit otherwise. The bit field index 0 of the cell indicator field is mapped to the serving cell, and other bit field indexes are mapped to the candidate cells configured with higher layer parameter EarlyUlSyncConfig according to an ascending order of a candidate identity configured by ltm-CandidateId, with the bit field index 1 mapped to the candidate cell with the smallest candidate identity. 

The intent was to distinguish between a legacy PDCCH order, which triggers a series of PRACH transmissions, until the UE receives a random access response, and a PDCCH order triggering a single PRACH transmission without any random access response. The description in [6] is still a bit vague: what does it mean that a bit field index 0 of the cell indicator field is mapped to the serving cell. We propose to clarify this, using terminology from [7]:
[bookmark: _Toc149919088]In [7], a random access procedure is initiated either on a serving cell, or an LTM candidate cell.
A text proposal is provided in appendix A.2.
In the MIMO WI, the following agreement was made in RAN1#114bis:
Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, 1 bit is supported for indicating active additionalPCI in the PDCCH order 
· the single bit in the PDCCH order indicates if the PRACH triggering is towards servingCell PCI or active additional PCI
Note: This has no impact on whether common or separate field with cell indication in LTM is used

Agreement
When a UE is configured with both the inter-cell multi-DCI based Multi-TRP operation with two TAs and Rel-18 LTM features, 
· Alt 1:  separate fields are used to indicate additionalPCI (for inter-cell mTRP) and to indicate cell indicator field (for Rel-18 LTM)
· 

This was captured in [8]:
Excerpt from [8]: 
-	PCI indicator - 0 or 1 bit
[bookmark: OLE_LINK36]-	1bit indicating the PCI associated with the PRACH transmission if the UE is provided with tag-Id2 and SSB-MTC-AddtionalPCI, and the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for the first CORESETs, and is provided coresetPoolIndex with value 1 for the second CORESETs. 
-	0 bit otherwise. 


LTM and inter-cell multi-DCI based multi-TRP operation with two TA are independent functionalities: it should be possible to configure them at the same time. However, one PDCCH order will only trigger a contention-free random access procedure for either purpose: it is not possible to trigger a random access procedure for both purposes:
[bookmark: _Toc149919089]LTM and inter-cell multi-DCI based Multi-TRP operation with two TA can be configured at the same time.
[bookmark: _Toc149919090]One PDCCH order cannot trigger more than one random access procedure.
When LTM and 2TA are configured at the same time, there will be two fields in the PDCCH order. The question is now if the UE can always determine which type of RACH procedure should be triggered, based on the received PDCCH order. There are four cases:
Both the cell field and the PCI field are zero: this implies a legacy PDCCH order, triggered towards the serving cell, using the RACH parameters of the serving cell. The UE retransmits the PRACH preamble with increasing transmit power until it receives a random access response (RAR) from the serving cell.
The cell field is zero and the PCI field is one: this indicates to the UE to perform a random access procedure towards the additionalPci, using the random access parameters associated with the additional PCI. The UE retransmits the PRACH preamble with increasing transmit power until it receives a RAR from the serving cell.
The cell field is non-zero and the PCI field is zero: this indicates to the UE to perform a random access procedure towards the indicated candidate, using the random access parameters in the corresponding EarlyUlSyncConfig. The UE transmits a single PRACH preamble, using a transmit power determined from the PRACH retransmission indicator.
Both the cell field and the PCI field are non-zero: this is an error case, where the specification will not describe the UE behaviour. The actions will be up to UE implementation. This is a consequence of a bad signaling design: defining two separate fields that cannot be used at the same time. 
Based on the above discussion, we observe
[bookmark: _Toc149919091]The UE can always initiate the correct RACH procedure based on the two fields in the PDCCH order.
Hence, there is no need to amend the specification.
2.1.2	Timing of the PDCCH-ordered RACH transmission 
In [5], RAN4 proposes that the time between the PDCCH and the RACH larger than or equal to  msec, where ,  and  are defined as in legacy, whereas 
is 
· 0 if the SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no larger than 160ms 
· FFS if the SSB index indicated in PDCCH order is not in the active TCI state list, and measurement period of L1-RSRP is no larger than 160ms
· FFS (>0) otherwise
  
· [bookmark: _Hlk143837117]For the case of PRACH bandwidth of neighbor cell is within active UL BWP,   
· For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133 
· For the case of PRACH bandwidth of neighbor cell is not within any of the configured UL BWPs of any active serving cell,   
RAN4 also proposed that this was captured in RAN1 specification. 

Based on the RAN4 LS [5], the timing of the PDCCH-ordered RACH transmission was captured in 38.213:
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 
-	  if the active UL BWP does not change, or if a cell indicator field in the PDCCH order indicates a non-serving cell [5, TS 38.212], 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] 
-	 if a cell indicator field in the PDCCH order indicates a serving cell or if cell indicator field is not present, and  is defined in [10, TS 38.133] otherwise
-	 if a cell indicator field in the PDCCH order indicates a serving cell or if cell indicator field is not present, and  is defined in [10, TS 38.133] otherwise
For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines  assuming SCS configuration .

In our understanding, the values for  and  will not be defined in 38.133. Instead, RAN4 will inform RAN1 when the FFS values in [5] have been settled. Based on this, we propose
[bookmark: _Toc149919092]Capture the values for  and  in 38.213. 
Some values are still FFS in the RAN4 LS. As of now, these FFS values can be captured in 38.213.
2.2	UE-based TA acquisition 
UE-based TA acquisition is described in [2]:
If a UE is provided ueMeasuredTA, the UE estimates based on the UE implementation a timing advance to apply from a first transmission on a candidate cell that is after the reception of a cell switch command for the candidate cell [11, TS 38.321]. A UE can be provided configurations, by EarlyUlSyncConfig, for PRACH transmission parameters for each of the candidate cells. The UE can be triggered a PRACH transmission on a candidate cell by a PDCCH order that the UE receives on a serving cell and includes an indication of the candidate cell for the PRACH transmission [4, TS 38.212]. If the serving cell and the candidate cell operate in a same frequency range and the UE would have transmissions that overlap in time, or when a gap between a first or last symbol of a PRACH transmission to the candidate cell is less than 𝑁 symbols from a last or first symbol, respectively, of an UL transmission to the serving cell, where  is defined in Clause TBD, the UE 
-	drops the transmissions on the serving cell when the UE does not support transmissions that overlap in time or are separated by less than the gap on the serving cell and the candidate cell
-	prioritizes power allocation to the PRACH transmission on the candidate cell in clause 7.5 when the UE supports transmissions that overlap in time or are separated by less than the gap, and a total UE transmit power in the frequency range would exceed 

The description in [2] is based on an initial guess on how the functionality would be configured. 
In the latest version of the running CR[3], the following text describes when the UE would perform UE-based TA acquisition:
1> if the value of ltm-UE-MeasuredTA-ID contained within the LTM-Candidate IE in VarLTM-Config indicated by lower layers or for the selected cell in accordance with 5.3.7.3 is equal to the value of ltm-ServingCellUE-MeasuredTA-ID within VarLTM-ServingCellUE-MeasuredTA-ID:
2> inform lower layers that UE should perform UE-based TA measurements;
2> replace the value of ltm-ServingCellUE-MeasuredTA-ID in VarLTM-ServingCellUE-MeasuredTA-ID with the value received within ltm-UE-MeasuredTA-ID;

This is also mimicked in the RRC configuration, with the inclusion of the field 
    ltm-UE-MeasuredTA-ID-r18                       INTEGER (1..maxNrofCellsLTM-r18-1)                    

in the LTM-Candidate.
In other words, the configuration of each candidate cell includes a field ltm-UE-MeasuredTA-ID. If the value of ltm-UE-MeasuredTA-ID for the serving cell is the same as the value of ltm-UE-MeasuredTA-ID for the candidate, the UE would perform UE-based TA estimation. If the value of ltm-UE-MeasuredTA-ID for the serving cell is different from the value of ltm-UE-MeasuredTA-ID for the candidate, the UE would not perform UE-based TA estimation. Intuitively, this means that the NW guarantees that if the ltm-UE-MeasuredTA-ID is the same for two cells, the transmissions from these two cells are synchronized. We propose that this is captured in 38.213:
[bookmark: _Toc149919093]Capture the configuration mechanism of UE based TA estimation in 38.213.
A text proposal is provided in appendix A.1.
There are two remaining issues to settle for the UE-based TA estimation. The first issue is related to the handling of the TA field in the cell-switch command for an LTM cell-switch for which UE-based TA estimation is configured. One option is to allow that the TA value in the cell-switch command overrides the RRC configuration of the UE-based TA estimation. This would require that a special TA value is introduced which would tell the UE apply the TA value the UE estimated. The other option would be that the UE ignores the TA value in the cell-switch command if the UE has been configured to perform UE-based TA estimation. In our view, the first option is preferred:
[bookmark: _Toc149919094]A TA value in the cell-switch command overrides the RRC configuration of UE-based TA estimation. 
[bookmark: _Toc149919095]Define a special TA value which instructs the UE to use the TA value the UE estimated.
The second issue is for what candidates the UE performs TA estimation, and if there should be any specification support introduced for this purpose. In our view, the UE has several ways to determine for which cells to estimate the TA. First of all, the UE will not maintain TA for candidates where UE-based TA estimation is not configured. Also, if LTM TCI states have been pre-activated, it would be relevant for the UE to estimate the TA for the corresponding candidate cell since it is a likely target candidate. Finally, the UE may also rely on what cells/SSBs it reported: if the UE has reported a high RSRP value for a certain candidate, that cell is a likely target, and it would make sense for the UE to estimate the TA for that candidate. However, we do not see there is a need to specify in the standard for what cells the UE maintains the TA: this can be left to UE implementation:
[bookmark: _Toc149919096]It is up to UE implementation to determine for which candidate cells the TA is estimated.
There were some proposals to state in the specification that the UE maintain the TA (only) for the candidates for which LTM TCI states have been pre-activated. However, this would mean that the UE would have to support multiple active TCI states to perform UE-based TA estimation, and that would be unfortunate.
A related issue is when the UE estimates the TA for the relevant candidate cells. There is no need to describe this in the specification: it is sufficient that the new TA can be applied when the cell-switch is executed.  
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	In [7], a random access procedure is initiated either on a serving cell, or an LTM candidate cell.
Observation 2	LTM and inter-cell multi-DCI based Multi-TRP operation with two TA can be configured at the same time.
Observation 3	One PDCCH order cannot trigger more than one random access procedure.
Observation 4	The UE can always initiate the correct RACH procedure based on the two fields in the PDCCH order.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Capture the values for  and  in 38.213.
Proposal 2	Capture the configuration mechanism of UE based TA estimation in 38.213.
Proposal 3	A TA value in the cell-switch command overrides the RRC configuration of UE-based TA estimation.
Proposal 4	Define a special TA value which instructs the UE to use the TA value the UE estimated.
Proposal 5	It is up to UE implementation to determine for which candidate cells the TA is estimated.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref114816142]RP-213565, New WID on Further NR mobility enhancements, MediaTek, RAN#94e, December 2021
[bookmark: _Ref149051537]3GPP TS 38.213 V18.0.0, NR; Physical layer procedures for control, RAN#101, September 2023
[bookmark: _Ref149050242]R2-2311604, RRC running CR for LTM, Ericsson, RAN2#123bis, Xiamen, China, October 2023
[bookmark: _Ref146519964]R1-2310695, Collection of updated higher layers parameter list for Rel-18, Moderator (Ericsson), RAN1#114bis, Xiamen, China, October 2023
[bookmark: _Ref146870012]R1-2308810, Reply LS on PDCCH order RACH on neighbour cell, RAN4, RAN1#123bis, Xiamen, China, October 2023
[bookmark: _Ref149136720]R1-2310747, Corrections on Rel-18 Further NR mobility enhancements in 38.212, Huawei, RAN1#114bis, Xiamen, China, October 2023
[bookmark: _Ref149138535]R2-2311595, 38.321 running CR for introduction of NR further mobility enhancements, Huawei, RAN1#114bis, Xiamen, China, October 2023
[bookmark: _Ref146813938]R1-2310748, Corrections on Rel-18 MIMO Evolution for Downlink and Uplink in 38.212, Huawei, RAN1#114bis, Xiamen, China, October 2023

Appendix
A.1 Text proposal to 38.213
[bookmark: _Toc146789842]21	L1/L2-triggered mobility procedures
A UE can be indicated, by LTM-Config, candidate cells and SS/PBCH blocks per candidate cell for the UE to obtain synchronization and measure corresponding L1-RSRPs [10, TS 38.133]. A MAC CE command can activate TCI states, provided by LTM-Candidate-TCI-State-r18 or/and LTM-Candidate-TCI-UL-State-r18, associated with SS/PBCH blocks or TRS of corresponding candidate cells. The UE is provided configurations by LTM-CSI-ReportConfigToAddModList for reporting L1-RSRP measurements [6, TS 38.214] that include a number of candidate cells and a number of SS/PBCH blocks per candidate cell from the number of candidate cells. 
If the ltm-UE-MeasuredTA-ID of a candidate cell is equal to the ltm-UE-MeasuredTA-ID of the serving cell, a UE is provided ueMeasuredTA, the UE estimates based on the UE implementation a timing advance to apply from a first transmission on a candidate cell that is after the reception of a cell switch command for the candidate cell [11, TS 38.321].
A UE can be provided configurations, by EarlyUlSyncConfig, for PRACH transmission parameters for each of the candidate cells. The UE can be triggered a PRACH transmission on a candidate cell by a PDCCH order that the UE receives on a serving cell and includes an indication of the candidate cell for the PRACH transmission [4, TS 38.212]. If the serving cell and the candidate cell operate in a same frequency range and the UE would have transmissions that overlap in time, or when a gap between a first or last symbol of a PRACH transmission to the candidate cell is less than 𝑁 symbols from a last or first symbol, respectively, of an UL transmission to the serving cell, where  is defined in Clause TBD, the UE 
-	drops the transmissions on the serving cell when the UE does not support transmissions that overlap in time or are separated by less than the gap on the serving cell and the candidate cell
-	prioritizes power allocation to the PRACH transmission on the candidate cell in clause 7.5 when the UE supports transmissions that overlap in time or are separated by less than the gap, and a total UE transmit power in the frequency range would exceed 
The UE transmits the PRACH on the candidate cell as described in Clause 8.1 with a power determined as described in Clause 7.4. 
A UE can be provided by a MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a TCI-State and/or TCI-UL-State in LTM-dl-OrJointTCI-StateToAddModList and/or LTM-ul-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE applies the TCI-State and/or TCI-UL-State, if indicated by the MAC CE, from a first slot that is  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, and is the SCS configuration for the TBD.
A.2 Text proposal to 38.212
[bookmark: _Toc146188109][bookmark: _Toc146727657]7.3.1.2.1	Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI:
-	Identifier for DCI formats - 1 bits
-	The value of this bit field is always set to 1, indicating a DL DCI format


-	Frequency domain resource assignment -  bits where  is given by Clause 7.3.1.0
If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining fields set as follows:
-	Random Access Preamble index - 6 bits according to ra-PreambleIndex in Clause 5.1.2 of [8, TS38.321]
-	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
-	SS/PBCH index - 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved. 
-	PRACH Mask index - 4 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission, according to Clause 5.1.1 of [8, TS38.321]; otherwise, this field is reserved
-	Cell indicator - bits indicating the cell for the corresponding PRACH transmission if the UE is configured with higher layer parameter EarlyUlSyncConfig, where C is the number of candidate cells configured with higher layer parameter EarlyUlSyncConfig; 0 bit otherwise. The bit field index 0 of the cell indicator field initiates a random access procedure on a serving cell, , and other bit field indexes initiates a random access procedure to an LTM candidate cell configured with higher layer parameter EarlyUlSyncConfig according to an ascending order of a candidate identity configured by ltm-CandidateId, with the bit field index 1 mapped to the candidate cell with the smallest candidate identity. 
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