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Discussion
1. Introduction
In the RAN3#123-bis meeting, the agreements related to MRO enhancements for LTM were achieved as follows:
	Work on scenarios of near failure LTM

Work on scenarios for the differentiation of too early LTM, too late LTM and LTM to wrong cell


In this contribution, we focus on scenarios of failure LTM and near-failure LTM, and provide our view.
2. Discussion
2.1 Scenarios of failure LTM

In the last RAN3 meeting, for scenarios of failure LTM, the following was captured in chair’s note:
	Work on scenarios for the differentiation of too early LTM, too late LTM and LTM to wrong cell


The overall procedure for LTM without CU-DU split is shown in [1] below:
	9.2.3.5.2
C-Plane Handling

Cell switch command is conveyed in a MAC CE, which contains the necessary information to perform the LTM cell switch.
The overall procedure for LTM is shown in Figure 9.2.3.5.2-1 below. Subsequent LTM is done by repeating the early synchronization, LTM cell switch execution, and LTM cell switch completion steps without releasing other LTM candidate configurations after each LTM cell switch completion. The general procedure over the air interface is applicable to SCG LTM. Further details of SCG LTM can be found in TS 37.340 [21].
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Figure 9.2.3.5.2-1. Signalling procedure for LTM

The procedure for LTM is as follows:

1.
The UE sends a MeasurementReport message to the gNB. The gNB decides to configure LTM and initiates LTM preparation.

2.
The gNB transmits an RRCReconfiguration message to the UE including the LTM candidate configurations.

3.
The UE stores the LTM candidate configurations and transmits an RRCReconfigurationComplete message to the gNB.

4a.
The UE performs DL synchronization with the LTM candidate cell(s) before receiving the cell switch command. The UE may activate and deactivate TCI states of LTM candidate cell(s), as triggered by the gNB.

4b.
The UE may perform UL synchronization with LTM candidate cell(s) before receiving the cell switch command, by using UE-based TA measurement, if configured, and/or by transmitting a preamble towards the candidate cell, as triggered by the gNB. When UE-based TA measurement is configured, UE acquires the TA value(s) of the candidate cell(s) by measurement. UE performs early TA acquisition with the candidate cell(s) as requested by the network before receiving the cell switch command as specified in clause 9.2.6. This is done via CFRA triggered by a PDCCH order from the source cell, following which the UE sends preamble towards the indicated candidate cell. In order to minimize the data interruption of the source cell due to CFRA towards the candidate cell(s), the UE does not receive random access response from the network for the purpose of TA value acquisition and the TA value of the candidate cell is indicated in the cell switch command. The UE does not maintain the TA timer for the candidate cell and relies on network implementation to guarantee the TA validity.

5.
The UE performs L1 measurements on the configured LTM candidate cell(s) and transmits L1 measurement reports to the gNB. L1 measurement should be performed as long as RRC reconfiguration (step 2) is applicable.

6.
The gNB decides to execute cell switch to a target cell and transmits an LTM cell switch command MAC CE triggering cell switch by including a target configuration ID which indicates the index of the candidate configuration of the target cell, a beam indicated with a TCI state or beams indicated with DL and UL TCI states, and a timing advance command for the target cell, if available. The UE switches to the target cell and applies the candidate configuration indicated by the target configuration ID.

7.
The UE performs the random access procedure towards the target cell, if UE does not have valid TA of the target cell as specified in clause 5.18.35 of TS 38.321[6].
8.
The UE completes the LTM cell switch procedure by sending RRCReconfigurationComplete message to target cell. If the UE has performed a RA procedure in step 7 the UE considers that LTM cell switch execution is successfully completed when the random access procedure is successfully completed. For RACH-less LTM, the UE considers that LTM cell switch execution is successfully completed when the UE determines that the network has successfully received its first UL data.


Also, connection failure due to intra-system mobility is described in [1]:
	15.5.2.2.2
Connection failure due to intra-system mobility

One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell. These problems are defined as follows:

-
Intra-system Too Late Handover: an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.

-
Intra-system Too Early Handover: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.

-
Intra-system Handover to Wrong Cell: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.


Based on the above LTM procedure and connection failure due to intra-system mobility, each MRO scenario of failure LTM may be defined as follows:
· Too Late LTM: The UE receives LTM candidate configurations through the source cell; an RLF occurs after the UE has stayed for a long period of time in the source cell before the LTM cell switch execution has happened; the UE attempts to re-establish the radio link connection in a different cell.
· Too Early LTM: The UE receives LTM candidate configurations through the source cell; an RLF occurs shortly after the LTM cell switch execution is successfully completed from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in the source cell.
· LTM to Wrong Cell: The UE receives LTM candidate configurations through the source cell; an RLF occurs shortly after the LTM cell switch execution is successfully completed from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
Proposal 1: Too Late LTM, Too Early LTM, and LTM to Wrong Cell may be defined as follows:
· Too Late LTM: The UE receives LTM candidate configurations through the source cell; an RLF occurs after the UE has stayed for a long period of time in the source cell before the LTM cell switch execution has happened; the UE attempts to re-establish the radio link connection in a different cell.
· Too Early LTM: The UE receives LTM candidate configurations through the source cell; an RLF occurs shortly after the LTM cell switch execution is successfully completed from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in the source cell.
· LTM to Wrong Cell: The UE receives LTM candidate configurations through the source cell; an RLF occurs shortly after the LTM cell switch execution is successfully completed from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

2.2 Scenario of near-failure LTM

In the last RAN3 meeting, an agreement related to near-failure LTM was captured in chair’s note:
	Work on scenarios of near failure LTM


Considering the above agreement, a possible scenario of near-failure LTM is that the gNB/gNB-CU configures UE-based TA measurement to trigger the early TA acquisition procedure to reduce the mobility latency, but no valid TA value is available, as shown in Figure 1.
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Figure 1. LTM of fast-moving UE in the dense deployment environment

In the above Figure, for example, a serving cell and candidate cells with small coverage are densely deployed, and the UE with UE-based TA measurement configured moves quickly from the serving cell to candidate cell 1. Due to the velocity of the UE, the UE may have no valid TA value measured by itself upon receiving the cell switch command. Since no valid TA value is available, the UE performs RACH-based LTM cell switch. If the gNB/gNB-CU sends a TA value in the LTM cell switch command, the UE performs RACH-less LTM cell switch. However, the gNB/gNB-CU does not always provide a TA value to the UE configuring UE-based TA measurement because it may also send a TA value in the LTM cell switch command MAC CE without early TA acquisition.

Observation 1: The UE may perform RACH-based LTM cell switch in the case where UE-based TA measurement is configured, but upon receiving the cell switch command, the UE does not have a valid TA value measured by itself.

The problem is that the gNB/gNB-CU does not know that the UE with which it configures UE-based TA measurement does not have a valid TA value upon receiving the cell switch command. Furthermore, since the gNB/gNB-CU provides the UE with the configuration for UE-based TA measurement, it may regard the UE as performing TA measurement for the candidate cell. So, though the valid TA value is unavailable at the UE, the gNB/gNB-CU may not provide it in the cell switch command. Also, when this UE moves quickly, it is highly likely that it performs RACH-based LTM cell switch whenever it performs the subsequent LTM. The more RACH-based LTM cell switches are performed, the more the mobility latency may be increased although using the LTM procedure.
Observation 2: Though the gNB/gNB-CU configures UE-based TA measurement so that the UE performs RACH-less LTM, RACH-based LTM cell switches that increase the mobility latency may occur frequently.
One possible solution to the above problem is for the UE to inform the gNB/gNB-CU that the UE does not have a valid TA value measured by itself upon receiving the cell switch command. When receiving this often for a certain time, the gNB/gNB-CU may decide not to configure UE-based TA measurement, to modify the configuration related to UE-based TA measurement, or to frequently provide a TA value in the LTM cell switch command. By doing this, the occurrence of RACH-based LTM cell switches may decrease.
Observation 3: It is necessary to let the gNB/gNB-CU know the UE with which it configures UE-based TA measurement does not have a valid TA value measured by itself upon receiving the cell switch command.

Based on the above observations, the following proposals are suggested:
Proposal 2: RAN3 should consider the following case as the scenario of near-failure LTM:
· The case is that the UEs perform RACH-based LTM cell switches, though the gNB/gNB-CU configures UE-based TA measurements so that the UEs perform RACH-less LTM.

Proposal 3: It is necessary to discuss how to handle this case, if Proposal 2 is agreeable.
3. Conclusion
In this contribution, we focused on scenarios of failure LTM and near-failure LTM and provided our view. The following observations and proposals are made:

Proposal 1: Too Late LTM, Too Early LTM, and LTM to Wrong Cell may be defined as follows:
· Too Late LTM: The UE receives LTM candidate configurations through the source cell; an RLF occurs after the UE has stayed for a long period of time in the source cell before the LTM cell switch execution has happened; the UE attempts to re-establish the radio link connection in a different cell.
· Too Early LTM: The UE receives LTM candidate configurations through the source cell; an RLF occurs shortly after the LTM cell switch execution is successfully completed from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in the source cell.
· LTM to Wrong Cell: The UE receives LTM candidate configurations through the source cell; an RLF occurs shortly after the LTM cell switch execution is successfully completed from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

Observation 1: The UE may perform RACH-based LTM cell switch in the case where UE-based TA measurement is configured, but upon receiving the cell switch command, the UE does not have a valid TA value measured by itself.

Observation 2: Though the gNB/gNB-CU configures UE-based TA measurement so that the UE performs RACH-less LTM, RACH-based LTM cell switches that increase the mobility latency may occur frequently.
Observation 3: It is necessary to let the gNB/gNB-CU know the UE with which it configures UE-based TA measurement does not have a valid TA value measured by itself upon receiving the cell switch command.

Proposal 2: RAN3 should consider the following case as the scenario of near-failure LTM:
· The case is that the UEs perform RACH-based LTM cell switches, though the gNB/gNB-CU configures UE-based TA measurements so that the UEs perform RACH-less LTM.

Proposal 3: It is necessary to discuss how to handle this case, if Proposal 2 is agreeable.
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