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1. Introduction 
In RAN#94-e meeting, a new Rel-18 WID of ‘Further NR mobility enhancements’ was approved and the WID was further updated in RAN#97-e meeting [1]. The WI includes the following objective:
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized


The WI also includes corresponding justification point:
	When the UE moves from the coverage area of one cell to another cell, at some point a serving cell change needs to be performed. Currently serving cell change is triggered by L3 measurements and is done by RRC signalling triggered Reconfiguration with Synchronisation for change of PCell and PSCell, as well as release add for SCells when applicable. All cases involve complete L2 (and L1) resets, leading to longer latency, larger overhead and longer interruption time than beam switch mobility. The goal of L1/L2 mobility enhancements is to enable a serving cell change via L1/L2 signalling, in order to reduce the latency, overhead and interruption time.


This contribution discusses L1 enhancements for inter-cell beam management aspects of Layer 1/Layer 2 (L1/L2)-triggered mobility (LTM) and provide our views on the remaing items.

1. Discussion 
Cell switch command
When a UE is instructed to switch from the source cell to the target cell, the UE activates the UE's Semi-persistent SRS configuration in the target cell. This means that after switching to the target cell, the UE starts transmitting Semi-persistent SRS signals according to the configuration parameters defined by the gNB. The UE's communication with the target cell is optimized more quickly since the gNB can immediately start using the Semi-persistent SRS measurements for channel estimation.
When the UE receives the Cell Switch Command to transition to the target cell, the command not only facilitates the handover process but also triggers the activation of the Semi-persistent SRS functionality within the target cell.
Activating Semi-persistent SRS during cell switching offers several advantages:
· Fast Channel Estimation: Immediate activation of Semi-persistent SRS upon entering the new cell enables rapid adaptation to changing channel conditions for more reliable communication.
· Enhanced Beamforming: The activated SRS signals contribute to improved beamforming accuracy, optimizing signal quality and minimizing interference.
· Effective Resource Allocation: The network can efficiently allocate resources based on real-time channel information, enhancing overall system performance. 
The TCI state index determines the reception beam of the UE (the transmission beam of the candidate cell) from the CSI-RS measurement results received by the candidate cell via the serving cell. Candidate cell determines reception beams (UE transmission beams) of candidate cells from the SRS measurement results received from UE and notifies UE of information related to those beams.
From the SSB and CSI-RS measurement results received by the candidate cell via the serving cell, the UE determines the beam to be used for SRS transmission and notifies it with the cell switch command. At that time, the SP SRS Resource Set ID and Resource ID are used as parameters for indicating the beam for SRS transmission. The Resource ID contains information for specifying the spatial relationship for determining the transmission beam of each SRS. The information for specifying the spatial relationship is NZP CSI-RS resource index, SSB index, SRS resource index. 
In summary, Cell Switch Command not only handles the UE's transition between cells but also ensures the activation of Semi-persistent SRS functionality within the target cell. This integration enhances handover efficiency, communication quality, and network performance in the new cell.

[bookmark: p1]Proposal 1: Cell switch command includes Semi-persistent SRS activation for the target cell. 
TCI state is activated for a candidate cell if this candidate cell is selected as a target cell with the activated TCI state indicated in the cell switch command. 
· Configuring TCI State in RRC: The RRC protocol is responsible for managing radio resources and signaling between the UE and the network. TCI state configuration involves defining specific transmission parameters that the UE should use when communicating with the target cell. These parameters could include things like modulation and coding schemes, transmit power levels, and other transmission-related settings. By configuring the TCI state in the RRC messages, the network instructs the UE on how to communicate effectively with the target cell. 
· Activating TCI State with MAC CE: MAC CE is used to convey various control information from the network to the UE. It's a flexible mechanism that can carry different types of commands and instructions. TCI state activation can be included in a MAC CE message, which is sent to the UE after the RRC configuration. This MAC CE message instructs the UE to activate the previously configured TCI state for communication with the target cell.
· Triggering TCI State with DCI: DCI (Downlink Control Information) is used to convey control information from the network to the UE, particularly on the downlink channel. It's used to communicate various commands and instructions to the UE. In the context of TCI, a DCI message can be used to trigger the activation of the TCI state for the target cell. This dynamic activation might be based on network conditions, load balancing requirements, or other factors.
RRC configuration provides a fundamental setup, MAC CE offers flexibility in activation, and DCI allows dynamic triggering. The choice between these approaches depends on the specific network requirements and the need for flexibility or dynamic adjustments. 
As for the TCI state activation command, a MAC-CE can be enhanced with format Similar to legacy TCI state activation MAC-CE. 

[bookmark: p2]Proposal 2: TCI state to the target cell can be configured in RRC, activated with MAC CE or triggered with DCI.  

Beam indication
Rel-17 unified TCI, some channels or signals might not follow Rel-17 unified TCI based RRC configuration. However, before a cell switch, the UE does not process the RRC configuration of the target cell. Consequently, the UE remains unaware of which specific signal or channel does not align with the Rel-17 unified TCI indicated in cell switch command. As a result, to ensure consistency, the beam indicated in the cell switch command should be uniformly applied to all channels/signals prior to the activation or indication of the new TCI state by the target cell.
[bookmark: p3]Proposal 3: The beam indicated in the cell switch command should be uniformly applied to all channels/signals prior to the activation or indication of the new TCI state by the target cell. 

In RAN1#113, RAN1 made the following agreement: [2].
	Agreement
· For TCI state activation for candidate cell(s) before the cell switch command, 
· MAC CE is used and the details of MAC-CE for TCI state activation for LTM is up to RAN2
· Further study if PDCCH order for candidate cell(s) can be used



PDCCH Orders: PDCCH orders are transmitted over the control channel and are used to deliver specific commands to UEs. They are part of the physical layer and are primarily used for essential control functions. The signaling overhead associated with PDCCH orders is relatively low, as they are designed to efficiently deliver concise commands to UEs. However, the information they can convey might be limited to certain standardized commands.
MAC CE: MAC CE, on the other hand, is used to transmit control information over the MAC layer. It provides more flexibility compared to PDCCH orders as it can carry a wider range of commands and instructions. This flexibility comes with a trade-off in terms of signaling overhead. MAC CE messages can be longer than PDCCH orders due to the additional information they can contain.
Comparative Analysis:
Signaling Content: PDCCH orders often carry standardized, essential commands for UEs, whereas MAC CE can carry more diverse and customized control information.
Overhead: PDCCH orders generally have lower signaling overhead due to their concise nature. MAC CE messages may have higher overhead due to the potential for carrying more information.
Complexity: PDCCH orders are straightforward and suitable for simple commands, making them efficient for scenarios where standardized actions are needed. MAC CE allows for more complex and customized instructions but might be more resource intensive.
Flexibility: MAC CE offers greater flexibility in conveying various types of control information, which might be essential for specialized use cases. PDCCH orders are more limited in terms of conveying non-standardized commands.
Network Impact: While PDCCH orders are efficient for basic control, MAC CE messages may consume more resources due to their potential length and diverse content.
In summary, PDCCH orders are more suitable for standardized and essential commands, offering low signaling overhead. MAC CE is advantageous when flexibility and customization are required, even though it might lead to higher signaling overhead. 
[bookmark: p4]Proposal 4: PDCCH order for candidate cell can be used for TCI state activation before the cell switch command.

1. Conclusion
This contribution discussed L1 enhancements for inter-cell beam management aspects of LTM and proposed the following:
Proposal 1: Cell switch command includes Semi-persistent SRS activation for the target cell. 
Proposal 2: TCI state to the target cell can be configured in RRC, activated with MAC CE or triggered with DCI.  
Proposal 3: The beam indicated in the cell switch command should be uniformly applied to all channels/signals prior to the activation or indication of the new TCI state by the target cell.
Proposal 4: PDCCH order for candidate cell can be used for TCI state activation before the cell switch command.
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