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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 on L1 or L2. 
In this contribution, we discuss the open issues TA management for LTM.
[bookmark: _Ref178064866]2	Discussion
[image: Timeline

Description automatically generated with low confidence]
[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	Use of the cell field
In RAN1#114, the following agreement was made
Agreement
when a PDCCH order is sent for a candidate cell, 
The bit size of N in DCI format 1_0 for cell indicator is determined by the number (e.g., C) of configured candidate cells with RACH configuration provided for early TA acquisition, the following alternative is supported:
Alt 2: N=
The number of cells used to calculate the bit width is the number of candidate cells with RACH configuration provided for early TA acquisition + 1 (serving cell)

During the CR review following RAN1#114, the editor introduced the cell field in the PDCCH order 
Excerpt from [7]
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.  

In the MIMO WI, the following agreement was made in RAN1#114:
Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support indication of additionalPCI in the PDCCH order
· as baseline capability: support PRACH triggering towards servingCell PCI or active additionalPCI.  

This was not captured in [6]; the editor remarked that the possibility to reuse the cell field introduced for mobility enhancements should be investigated. This makes a lot of sense: a field carrying the additionalPci would provide quite similar functionality as the cell field: it would determine the RACH configuration used for the triggered RACH procedure.
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: _Toc146882432]LTM and inter-cell multi-DCI based Multi-TRP operation with two TA can be configured at the same time.
[bookmark: _Toc146882433]One PDCCH order cannot trigger more than one random access procedure.
One solution is to define separate fields for the two purposes: the cell field introduced in [7] is used for LTM, and a different field is introduced to carry additionalPci. When LTM and inter-cell multi-DCI based Multi-TRP operation with two TA enhancement are configured, every PDCCH order would contain the two fields, and the UE must be able to unambiguously interpret if a PDCCH order is for LTM, for inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, or for legacy purposes.
The solution with two separate fields has two drawbacks:
It increases the overhead: each field can be 3 bits, and the payload that can be carried by a PDCCH order is quite small.
Legacy operation must be indicated in each field. In other words, in each field, we must reserve a code point that informs the UE that it shall perform according to the Rel-15 PDCCH order.
To avoid these two drawbacks, we propose to introduce a use case field in the PDCCH order. The use case field will inform the UE how to interpret the cell field:
[bookmark: _Toc146882434]Introduce a use case field in the PDCCH order, which informs the UE how to interpret the cell field.
One example of a use case field definition is depicted in Table 1.
	Value
	Use case
	Interpretation 
of cell field

	00
	Legacy operation
	Ignored

	01
	LTM early synch
	Candidate cell index

	10
	Establishment of 2nd TA
	Additional PCI

	11
	Ignored by Rel-18 UE 
	Ignored


[bookmark: _Ref146447345]Table 1: Example of definition of use case field.
The value of the use case field informs the UE how to interpret other fields in the PDCCH order, e.g., the cell index field. 
With the use case field, it becomes straightforward to reuse the cell index field for multiple purposes. The length of the cell indicator would have to be increased so that it can carry either the candidate cell index or the additional PCI:
[bookmark: _Toc146882435]Change the cell indicator field length to , where C is the number of candidate cells, and n is the number of additional PCIs.
Note that legacy operation is indicated in the use case field, so it is not necessary to reserve an extra bit in the cell indicator field to indicate legacy operation. Also note that if desired, the cell field can be reused for another purpose in later release, using the available code point.
2.1.2	Timing of the PDCCH-ordered RACH transmission 
In [8], RAN1 asked questions about the time gap between a PDCCH order and the corresponding PRACH transmission. A response was provided in [9], where RAN4 states that the corresponding delay requirements for a PDCCH-ordered RACH procedure towards a neighbour cell would be captured in TS 38.213, just as for the legacy PDCCH-ordered RACH procedure. 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,   
Having small values for this delay is important, but even more import is to avoid an interrupt during the procedure.
A text proposal for 38.213 is provided in the appendix.
2.2	UE-based TA acquisition 
In [2], RAN4 provided the following feedback on UE-based TA acquisition:
UE based TA measurement:
Existing time alignment error (TAE) (from TS 38.104) is provided below. 
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.

Due to TAE, DL timing estimation error (of both serving and target cell), serving cell TA resolution error and TA adjustment error, though UE may be able to derive the TA, the actual UL Rx timing error at the target gNB may be larger than CP and may cause performance degradation at the gNB. 
However, in some specific scenarios, for example, in FR1, where the TAE between serving cell and candidate cell is within 260ns, UE may be able to derive the TA based on UE based TA measurement and may meet the UL transmit timing requirements under good SNR condition and may not cause any performance degradation at the gNB.  
Note: TAE of 260ns corresponds to Intra-band contiguous carrier aggregation, where the CC are collocated.

In our understanding, the cases where UE-based TA measurement/estimation is possible according to RAN4 are rare: it is only possible in some network configurations/deployments. However, there are deployments where UE-based TA estimation works, and since the functionality is up to NW configuration, we do not see that the RAN4 LS would require that we revert the RAN1 agreement.
So far, RAN1 has not specified how the NW would indicate to the UE to perform UE-based TA estimation. On high level, UE-based TA estimation will only work if the DL transmissions from source and target are synchronized, as stated in the RAN4 response. Thus, the NW would like to configure this functionality for pairs of candidate cells, not for individual candidate cells. To be concrete, assume that the UE is configured with candidate cells A, B, C and D, and that 
cells A and C are synchronized, 
cells B and D are synchronized, but
cells A and B are not synchronized.
This means that UE-based TA estimation is possible for the following LTM cell-switches:
Cell A to cell C
Cell C to cell A
Cell B to cell D
Cell D to cell B
On the other hand, it is not possible to perform UE-based TA estimation when executing an LTM cell-switch from cell A to B. Hence, the configuration cannot be a simple flag in the candidate cell configuration. 
Essentially, there are two options:
[bookmark: _Ref146449392]Signal in MAC, i.e., in the cell-switch command. Here the NW knows both source and target, and can adapt the signaling accordingly.
Configure in RRC. This is more complicated, since the RRC configuration is performed per candidate cell.
Signaling in the cell-switch command (option 1) is more straightforward: the NW can adapt the signaling based on the knowledge of the source and target cell. It would be more complicated to configure this in RRC, since it would have to be configured per cell pair, as explained above.
If this is configured in RRC, we propose to use the same solution as is used for L2 reset in LTM: we introduce a TA estimation group field in each candidate configuration:
[bookmark: _Toc146882436]Introduce a TA estimation group field in each candidate configuration, which has the value range of 1, 2, .., maxNrofCandidateCells
If this group field is the same in source and target, the UE shall perform UE-based TA estimation, and ignore the value of the TA field in the cell-switch command. If this group field is different in source and target, the UE applies the value of the TA field in the cell-switch command for the communication with the target cell:
[bookmark: _Toc146882437]If the TA estimation group field is the same in source and target, the UE shall perform UE-based TA estimation.
Comparing the MAC and RRC signaling options, the advantage of MAC is that all the TA functionality is provided in the same command: the UE would follow what is provided in the cell-switch command. The advantage with the RRC signaling option is that the UE will know earlier if it shall perform UE-based TA estimation. 
2.3	RRC parameters
In [3], an initial list of parameters describing the RACH triggering has been structured in the RRC IE EarlyUlSyncConfig-r18, and the discussion in RAN1#114 was captured in [5]. Based on the RAN1 information, a new version of the running CR was implemented in [4]. 
During RAN1#114, there was a discussion on how to signal the frequency location of the PRACH transmission, and RAN1 agreed to add FrequencyInfoUL. FrequencyInfoUL includes the field absoluteFrequencyPointA, which provides the frequency location of point A, i.e., the frequency allocation of common resource block 0 (CRB0). However, the PRACH frequency allocation (msg1-FrequencyStart) is provided relative to PRB0 of the corresponding BWP. We realize that we also need to add the frequency offset between CRB0 and PRB0 of the BWP where the PRACH should be transmitted.
Checking the RRC specification, the offset between CRB0 and PRB0 of a certain BWP is provided in the RRC IE BWP:
BWP ::=                             SEQUENCE {
    locationAndBandwidth                INTEGER (0..37949),
    subcarrierSpacing                   SubcarrierSpacing,
    cyclicPrefix                        ENUMERATED { extended }                                                 
}

Of the fields in the RRC IE BWP, to transmit PRACH, the UE only needs locationAndBandwidth: the subcarrier spacing is provided as part of FrequencyInfoUL, and the cyclic prefix is not applicable for PRACH. 
Additionally, there is a need to provide the UE with root sequence index for the PRACH preamble generation. The proposed additions to EarlyUlSyncConfig-r18 are summarized in Table 2.
	Parameter name in the spec
	Description

	locationAndBandwith
	
Frequency domain location and bandwidth of this bandwidth part. The value of the field shall be interpreted as resource indicator value (RIV) as defined TS 38.214 with assumptions as described in TS 38.213, clause 12, i.e. setting =275. The first PRB is a PRB determined by subcarrierSpacing of this BWP and offsetToCarrier (configured in SCS-SpecificCarrier contained within FrequencyInfoUL-r18) corresponding to this subcarrier spacing. 

	rootSequenceIndex-EarlySync
	PRACH root sequence index (see TS 38.211 [16], clause 6.3.3.1) for early UL synch.


[bookmark: _Ref134949607]Table 2: Contents of the RRC IE EarlyUlSyncConfig-R18
If RRC is used to configure the UE with UE-based TA estimation, we propose to add the RRC field in Table 3 in the IEs LTM-Candidate-r18 and LTM-Config-r18, following how the L2 reset is configured.
	Parameter name in the spec
	Description

	ltm-UEbasedTagroup
	Contains an integer (1… maxNrofCellsLTM-r18). Part of LTM-Candidate-r18 and LTM-Config-r18


[bookmark: _Ref146451715][bookmark: _Hlk146451731]Table 3: Contents of the RRC IEs LTM-Candidate-r18 and LTM-Config-r18
[bookmark: _Toc146882438]Include the RRC parameters in Table 2 and Table 3 in the list of RRC parameters.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	LTM and inter-cell multi-DCI based Multi-TRP operation with two TA can be configured at the same time.
Observation 2	One PDCCH order cannot trigger more than one random access procedure.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce a use case field in the PDCCH order, which informs the UE how to interpret the cell field.
Proposal 2	Change the cell indicator field length to , where C is the number of candidate cells, and n is the number of additional PCIs.
Proposal 3	Introduce a TA estimation group field in each candidate configuration, which has the value range of 1, 2, .., maxNrofCandidateCells
Proposal 4	If the TA estimation group field is the same in source and target, the UE shall perform UE-based TA estimation.
Proposal 5	Include the RRC parameters in Table 2 and Table 3 in the list of RRC parameters.
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Appendix
A.1 Text proposal to 38.213
---------------------------------------------------------Unchanged Text Omitted------------------------------------------------
If a random access procedure is initiated by a PDCCH order towards a candidate cell, 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  
-	 msec for FR1 and  msec for FR2
-	 is a switching gap duration as defined in [6, TS 38.214] 
-	 
-	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 otherwise 
-	 
-	FFS if the PRACH bandwidth of neighbor cell is within active UL BWP
-	DCI-based BWP switching delay specified in clause 8.6 in [10, TS 38.133] if the PRACH bandwidth outside the active UL BWP but within one of configured UL BWPs of any active serving cell
-	FFS if the PRACH bandwidth outside the active UL BWP of all active serving cells 
For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines  assuming SCS configuration .
---------------------------------------------------------Unchanged Text Omitted------------------------------------------------
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