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In RAN#103 meeting, the WID: “NR mobility enhancements Phase 4” has been approved [1], including the following objective: 
	Specify support for inter-CU Layer1/Layer 2 Triggered Mobility (LTM) [RAN2, RAN3]
Prioritize the case when CU is acting as MN when DC is not configured
As secondary priority, support the case when NR-DC is configured and CU is acting as SN and MCG is unchanged
As secondary priority, support the case when NR-DC is configured, CU is acting as MN and SCG is unchanged or SCG is released
Note: The case that LTM is configured in both MCG and SCG is excluded 
Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM
Coordination with SA3 needed with respect to security key handling 
Note: Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support 


In this contribution, we discuss Rel-19 inter-CU LTM based on Rel. 18 intra-CU LTM and provide our views.
2       Discussion
Intra-CU LTM has been specified in Rel-18 and improves handover latency and interruption time compared to Layer 3 based mobility. For more universal application and greater robustness, inter-CU LTM will be introduced for NR mobility enhancements in Rel-19 and Rel-18 intra-CU LTM procedure is considered as baseline. We first provide our views on the signaling flows for Rel-19 inter-CU LTM, and then early TA acquisition for Rel-19 inter-CU LTM is discussed.
2.1     Signaling flows for Rel-19 inter-CU LTM
According to the WID, Rel-18 intra-CU LTM procedure is considered as baseline for adding inter-CU support. As signaling flows for Rel-18 intra-CU LTM procedure has already been specified in TS 38.401[2], signaling flows for Rel-18 intra-CU LTM can be considered as baseline. Figure 1 shows a simplified signaling flows for Rel-19 inter-CU LTM without the signaling between CU and DU.


Figure 1: Signaling procedure for Rel-19 inter-CU LTM
UE sends measurement reports to source CU according to the measurement configuration. Based on the measurement reports, source CU sends an LTM cell switch request message to the candidate CU, and the LTM cell switch request contains target candidate cell ID and necessary source configuration. If target CU accepts LTM cell switch request, the target CU responds with an LTM cell switch response message to the source CU, containing a generated RRCReconfiguration message with the LTM configuration. After receiving LTM cell switch response message from candidate CU, the source CU forwards the received RRCReconfiguration message to the UE. UE responds to the source CU with an RRCReconfigurationComplete message. Based on the LTM configuration, the UE performs L1 measurements on the configured candidate cell(s) and transmits L1 measurement reports to the source DU. If source CU decides to execute cell switch, the source CU sends a Cell Switch command MAC CE to UE. If Cell Switch command MAC CE is received, UE performs LTM cell switch execution and completes the LTM cell switch procedure by sending an RRCReconfigurationComplete message to the candidate (target) CU.
In our view, legacy HANDOVER REQUEST message and HANDOVER REQUEST ACKNOWLEDGE message can be reused for containing the LTM cell switch request message and the LTM cell switch response message, respectively. In addition, when the source CU sends the Cell Switch command MAC CE to UE, it’s necessary for the source CU to send a notification message (inter-CU CELL SWITCH NOTIFICATION message for example) to the candidate CU, containing the LTM configuration ID of the candidate cell. Optionally, candidate CU can send an acknowledge message (inter-CU CELL SWITCH NOTIFICATION ACKNOWLEDGE message for example) to source CU, containing the LTM configuration ID of the candidate cell.
Proposal 1: Legacy HANDOVER REQUEST message and HANDOVER REQUEST ACKNOWLEDGE message can be taken as a baseline for inter-CU LTM configuration; at least an inter-CU CELL SWITCH NOTIFICATION message is needed for cell switch execution.
2.2     Early TA acquisition for Rel-19 inter-CU LTM
To reduce the latency of UL synchronization with candidate cells during cell switch, Rel-18 intra-CU LTM supports RACH-less LTM cell switch based on early TA acquisition. However, whether to support early TA acquisition for inter-CU LTM in Rel-19 has not been decided.
Early TA acquisition for Rel-18 intra-CU LTM can largely reduce the overall mobility latency by preceding the TA acquisition step before LTM Cell Switch execution which avoids interruption due to UL synchronization. For the same reason, if early synchronization procedure is performed before LTM Cell Switch for Rel-19 inter-CU LTM, the overall mobility latency also can be largely reduced.
For Rel-18 intra-CU LTM, the early TA acquisition procedure can be triggered by PDCCH order or realized through UE-based TA measurement as configured by RRC. Based on the fact that early TA acquisition for Rel-18 intra-CU LTM has been specified and works well, if early TA acquisition for Rel-19 inter-CU LTM can be supported, to reduce redundant work and protocol complexity, early TA acquisition for Rel-18 intra-CU LTM can be considered as a baseline.
Observation 1: Early TA acquisition could reduce the overall mobility latency of Rel-19 inter-CU LTM.
Proposal 2: Support early TA acquisition for Rel-19 inter-CU LTM and take the mechanisms in Rel-18 as a baseline.
PDCCH order based early TA acquisition for Rel-18 intra-CU LTM (assume source DU and target DU are different and belong to a same CU) is shown as in Figure 2. UE receives a PDCCH order from source DU and triggers PRACH transmission towards the indicated candidate cell by PDCCH order without RAR monitoring; if the TA for indicated candidate cell is obtained, candidate DU would send the TA for indicated candidate cell to source DU and source DU can include the TA of candidate cell in an LTM Cell Switch Command MAC CE if needed; otherwise, if the TA for indicated candidate cell is not obtained, PDCCH order indicates PRACH retransmission can be initiated.


Figure 2: Signaling procedure of PDCCH order based early TA acquisition for Rel-18 intra-CU LTM
If PDCCH order based early TA acquisition for Rel-18 intra-CU LTM is reused for Rel-19 inter-CU LTM, to obtain the TA of candidate cell or initiate a PRACH retransmission, signaling between source CU and target CU must be introduced. PDCCH order based early TA acquisition for Rel-19 inter-CU LTM based on Rel-18 intra-CU LTM can be shown in Figure 3.


Figure 3: Signaling procedure of PDCCH order based early TA acquisition for Rel-19 inter-CU LTM

For Rel-18 intra-CU LTM, as source DU and target DU (same or different) belongs to a same CU and ideal backhaul is assumed, the delay between source DU and target DU can be ignored, i.e., the time of TA acquisition for target DU can be assumed as the same as the time of TA acquisition for source DU. When it comes to Rel-19 inter-CU scenario, as source DU and target DU belong to different CUs, the delay between source DU and target DU cannot be ignored any more.
The inter-CU delay of the inter-CU signaling will bring some challenges for early TA acquisition which further impacts the RACH-less robustness. First, as usual, the TA is considered to be valid during a given time (TAT is running), the introduced inter-CU delay of the inter-CU signaling will directly impact the validity of TA of candidate cell. Secondly, significant inter-CU delay between two PDCCH orders would impact the power ramping due to more inserted random-access procedure.
Based on the above analysis, in our view, if PDCCH order based early TA acquisition for Rel-19 inter-CU LTM will be supported, the impact of inter-CU delay should be considered for detailed procedure.
Proposal 3: If PDCCH order based early TA acquisition for Rel-19 inter-CU LTM is supported, the impact of inter-CU delay should be considered for detailed procedure.
3.Conclusion
In this contribution, we provide our views on Rel-19 inter-CU LTM and the following proposals:
Proposal 1: Legacy HANDOVER REQUEST message and HANDOVER REQUEST ACKNOWLEDGE message can be taken as a baseline for inter-CU LTM configuration; at least an inter-CU CELL SWITCH NOTIFICATION message is needed for cell switch execution.
Observation 1: Early TA acquisition could reduce the overall mobility latency of Rel-19 inter-CU LTM.
Proposal 2: Support early TA acquisition for Rel-19 inter-CU LTM and take the mechanisms in Rel-18 as a baseline.
Proposal 3: If PDCCH order based early TA acquisition for Rel-19 inter-CU LTM is supported, the impact of inter-CU delay should be considered for detailed procedure.
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