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1.	Introduction
In Rel-18, L1L2 mobility is one of the important features for further NR mobility enhancements, which is introduced in order to reduce latency, overhead and interruption time [1]. In this paper, we discuss a timer operation for L1L2-Triggered Mobility (LTM) and LTM failure handling.
2.	Discussion
In the previous meeting RAN2#120, RAN2 made the following agreements for LTM cell switch:
	The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.
LTM cell switch is supervised by a timer
UE arrival in the target cell need to be indicated (somehow)



As RAN2 agreed to introduce a supervision timer for LTM cell switch, it is required to discuss further on detailed operation of the supervision timer. Let’s call it a LTM timer.
Basically, we think that the LTM timer is similar to T304. Many companies already proposed that a T304-like timer may be introduced for LTM execution [2]-[6]. But the exact operation should be defined at least for the following points:
· When does the timer start?
· When does the timer stop?
· What does the UE do when the timer expires (i.e. upon detecting an LTM failure)?

In legacy handover (i.e. reconfiguration with sync), a T304 timer is used for detecting a handover failure. The timer starts when the UE receives the RRC message including reconfiguration with sync. The timer stops when the inter-cell handover is successfully completed, i.e., the random access to the target cell is successfully completed. When the timer expires, the UE detects a handover failure and then initiates a failure recovery procedure (e.g., the RRC connection re-establishment procedure). An LTM timer for detecting an LTM failure could be designed in the similar manner with T304 as follows.
When to start
  It is simple to design the condition for starting the timer. Similar to legacy handover, the UE starts the LTM timer upon receiving a mobility command from the NW, where the mobility command may be a MAC CE (e.g., Cell Switch MAC CE) because RAN2 agreed that the MAC CE is used for LTM triggering of the cell switch.
Proposal 1. The LTM timer starts upon receiving a Cell Switch MAC CE.
When to stop
The LTM can be executed with or without the random access (RA) procedure, i.e., RACH-based LTM execution or RACH-less LTM execution. The RA procedure is performed during the RACH-based LTM execution, while the RA procedure is not performed during the RACH-less LTM execution. Therefore, the LTM execution procedure may vary depending on whether the RA procedure is performed or not during LTM execution. Consequently, the condition for stopping the timer depends on whether the RA procedure is performed or not during LTM execution.
Case 1) RACH-based LTM execution
For the RACH-based LTM execution, same as T304 operation, the UE stops the LTM timer when RA is successfully completed.
Proposal 2. In the case of RACH-based LTM execution, the LTM timer stops when random access is successfully completed.
Case 2) RACH-less LTM execution
In legacy LTE RACH-less handover, the UE transmits the RRCConnectionReconfigurationComplete message to the target cell when the RRCConnectionReconfiguration message including mobilityControlInfo and rach-Skip is received. Then, the UE stops T304 upon the successful reception of a PDCCH addressed to C-RNTI. In our view, the T304 operation in legacy LTE RACH-less handover could be applied to the LTM timer operation in RACH-less LTM execution.
The UE transmits an UL signal to the target cell and then starts PDCCH monitoring, where the first UL signal to the target cell in RACH-less LTM is yet to be defined. To execute RACH-less LTM, the UE may transmit, for example, Cell Switch Complete MAC CE or RRCReconfigurationComplete to the target cell. The UE stops the LTM timer upon receiving PDCCH from the target cell as in T304 operation for LTE RACH-less handover.
Proposal 3. In order for the UE to execute RACH-less LTM, the UE transmits an UL signal, e.g., Scheduling Request, Cell Switch Complete MAC CE, or RRCReconfigurationComplete, to the target cell. After transmitting the first UL signal to the target cell, the UE starts PDCCH monitoring from the target cell.
Proposal 4. In the case of RACH-less LTM execution, the LTM timer stops upon receiving PDCCH from the target cell as in T304 operation for LTE RACH-less handover.
LTM failure detection
Same as T304 operation, the UE detects the failure of LTM execution (i.e. LTM failure) when the LTM timer expires.
Proposal 5. The UE detects the failure of LTM execution (i.e. LTM failure) when the LTM timer expires.
LTM timer value
If the network configures the UE with an improper timer value for the LTM execution procedure, then the UE may detect an LTM failure too early or too late (i.e. LTM failure early/late detection problem). Note that the LTM failure early detection problem may incur a false failure detection, while the LTM failure late detection may increase the mobility interruption time. If RACH-based LTM execution is performed while the timer value is configured assuming RACH-less LTM execution (i.e. small timer value), an LTM failure may be detected too early because the timer value is too small to wait for RA completion. On the other hand, if RACH-less LTM execution is performed with the timer value configured assuming RACH-based LTM execution (i.e. large timer value), an LTM failure may be detected too late because the timer is still running even if the LTM execution is already failed.
Observation 1. An improper timer value for the LTM timer may incur an LTM failure early/late detection problem, i.e., the UE may detect an LTM failure too early or too late.
Since there is a time gap between the preconfiguration phase and the LTM execution phase, the network, at the preconfiguration phase, may not know whether the UE, at the LTM execution phase, would execute RACH-less LTM or RACH-based LTM. For example, the network configures the UE with RACH-less LTM execution at the preconfiguration phase, but the UE may need to execute RACH-based LTM at the LTM execution phase because the configuration for RACH-less LTM execution becomes invalid.
The simple way to resolve the above problem is that the UE is configured with multiple LTM timer values for various LTM execution type (e.g. RACH-based or RACH-less executions), and the UE applies the LTM timer value corresponding to the LTM execution type. Upon receiving Cell Switch MAC CE, the UE can select the LTM execution type between RACH-based and RACH-less based on the configured conditions. For example, the UE may choose the LTM execution type as RACH-less if the TA of the candidate cell is valid and beam failure has not been detected for the candidate cell, and the UE may choose the LTM execution type as RACH-based otherwise.
Proposal 6. The UE is configured with multiple LTM timer values for various LTM execution type, e.g. RACH-based or RACH-less executions.
Proposal 7. Upon initiating LTM execution, the UE applies the LTM timer value corresponding to the LTM execution type to be performed.
LTM failure recovery
In [7], the following remaining open issues are presented:
· FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).
· FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility 
· The determination of whether to reset L2: Determination based on configuration vs. explicit command by MAC CE.

According to the above open issues, the configurations or indications of BWP, SCell state, and L2 reset at the LTM execution may be included in Cell Switch MAC CE.
Observation 2. Cell Switch MAC CE may include further information, e.g. BWP, SCell state, L2 reset, etc., for LTM execution.
In the case of UE based LTM failure recovery, the UE will try to execute an additional LTM toward one of other candidate cells upon detecting an LTM failure, where the additional LTM target cell is autonomously selected by the UE. Since the network does not know which candidate cell will be an additional target upon the LTM failure, Cell Switch MAC CE should include configurations for all candidate cells. This implies that the UE based LTM failure recovery may require a very large size of Cell Switch MAC CE, which can incur signaling overhead or MAC CE design difficulties.
Observation 3. The UE based LTM failure recovery may require a very large Cell Switch MAC CE, which can incur signaling overhead or MAC CE design difficulties.
Due to limitation of size of Cell Switch MAC CE, an optimized solution for LTM failure recovery is necessary for Rel-18 LTM. Considering the size of Cell Switch MAC CE, Cell Switch MAC CE may include information of some candidate cells instead of all candidate cells, where one of the candidate cells for which information is included in the MAC CE is an LTM execution target cell and the others are cells to perform recovery (i.e. recovery cells) in case of LTM failure. Upon detecting an LTM failure, the UE tries to perform additional LTM execution toward one of recovery cells as in CHO. It is FFS on the maximum number of additional LTM executions for LTM failure recovery.
Proposal 8. To support fast LTM failure recovery by allowing UE to execute an additional LTM (as in CHO).
Proposal 9. The network indicates one or more recovery cells to be used for LTM failure recovery among the candidate cells to UE before or by cell switch command. Upon detecting an LTM failure, the UE tries to perform additional LTM execution toward one of recovery cells. FFS on the maximum number of additional LTM executions for LTM failure recovery.
Figure 1 shows an example of an optimized solution for LTM failure recovery. In step 1, the UE receives Cell Switch MAC CE, which includes the relevant information of the candidate cell 1 (i.e. target cell) and the candidate cell 2 (i.e. recovery cell). In steps 2 and 3, the UE initiates LTM execution to the candidate cell 1, i.e., UL signal transmission to the candidate cell 1, and starts the LTM timer. In steps 4 and 5, the UE detects the failure of LTM execution to the candidate cell 1 by the LTM timer expiry and then the UE executes the LTM to the candidate cell 2, i.e., UL signal transmission to the candidate cell 2. In step 6, the UE receives PDCCH from the candidate cell 2, i.e., LTM to the candidate cell 2 is successfully completed.
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Figure 1. An optimized solution for LTM failure recovery.

3.	Conclusion
In this paper, we have made the following observations and proposals:
Observation 1. An improper timer value for the LTM timer may incur an LTM failure early/late detection problem, i.e., the UE may detect an LTM failure too early or too late.
Observation 2. Cell Switch MAC CE may include further information, e.g. BWP, SCell state, L2 reset, etc., for LTM execution.
Observation 3. The UE based LTM failure recovery may require a very large Cell Switch MAC CE, which can incur signaling overhead or MAC CE design difficulties.
Proposal 1. The LTM timer starts upon receiving a Cell Switch MAC CE.
Proposal 2. In the case of RACH-based LTM execution, the LTM timer stops when random access is successfully completed.
Proposal 3. In order for the UE to execute RACH-less LTM, the UE transmits an UL signal, e.g., Scheduling Request, Cell Switch Complete MAC CE, or RRCReconfigurationComplete, to the target cell. After transmitting the first UL signal to the target cell, the UE starts PDCCH monitoring from the target cell.
Proposal 4. In the case of RACH-less LTM execution, the LTM timer stops upon receiving PDCCH from the target cell as in T304 operation for LTE RACH-less handover.
Proposal 5. The UE detects the failure of LTM execution (i.e. LTM failure) when the LTM timer expires.
Proposal 6. The UE is configured with multiple LTM timer values for various LTM execution type, e.g. RACH-based or RACH-less executions.
Proposal 7. Upon initiating LTM execution, the UE applies the LTM timer value corresponding to the LTM execution type to be performed.
Proposal 8. To support fast LTM failure recovery by allowing UE to execute an additional LTM (as in CHO).
Proposal 9. The network indicates one or more recovery cells to be used for LTM failure recovery among the candidate cells to UE before or by cell switch command. Upon detecting an LTM failure, the UE tries to perform additional LTM execution toward one of recovery cells. FFS on the maximum number of additional LTM executions for LTM failure recovery.

4.	References
[1] RP-223520	Revised WID on Further NR mobility enhancements, 3GPP TSG RAN Meeting #98-e, 12 – 16 December, 2022
[2] R2-2211467	Early TA work in R1 R2 R3 and R4, Lenovo, 3GPP TSG-RAN WG2 Meeting #120, Toulouse, France, 14 - 18 Novemer, 2022
[3] R2-2211487	Trigger and Execution of LTM, vivo, 3GPP TSG-RAN WG2 Meeting #120, Toulouse, France, 14 - 18 Novemer, 2022
[4] R2-2211642	Solutions to cell switch in LTM, Huawei, HiSilicon, 3GPP TSG-RAN WG2 Meeting #120, Toulouse, France, 14 - 18 Novemer, 2022
[5] R2-2211795	Discussion on dynamic cell switch, ZTE Corporation, Sanechips, 3GPP TSG-RAN WG2 Meeting #120, Toulouse, France, 14 - 18 Novemer, 2022
[6] R2-2211810	Discussion on L1L2-triggered mobility, ASUSTeK, 3GPP TSG-RAN WG2 Meeting #120, Toulouse, France, 14 - 18 Novemer, 2022
[7] RP-223235	Status report: Further NR Mobility Enhancements, MediaTek Inc., 3GPP TSG RAN Meeting #98-e, 12 – 16 December, 2022
1

5

image1.png
UE

Source Cell

Candidate Cell 1

Candidate Cell 2

User data

[P

1: Cell Switch MAC CE

l———" = PRy v |

2: UE initiates LTM exec
and starts

ution to Candidate Cell 1
LTM timer.

3: UL signal to Candidate Cellx1

4a: UE detects the failure of LTM to Candidate Cell 1
(i.e. LTM timer expires).

4b: UE initiates LTM execution to Candidate Cell 2.

5: UL signal to Candidate Cell 2

<]

c

: PDCCH
l

ser data

>

hitps//gitlab.com/msc-generator v8.2





