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Introduction
L1/L2-triggered mobility (LTM) aims at reducing the latency during cell switch. RACH-less cell switch is one essential technology that helps reducing the handover latency. In this contribution, we analyse how to achieve RACH-less LTM cell switch.
Discussion
Flexibility with both dynamic grant and configured grant  
In RACH-less LTM, the UE needs to send an UL message to let the target cell/DU know that this UE is coming so an UL grant should be provided to the UE, either as a configured grant (CG) or as a dynamic grant (DG). RAN2 had the following agreements in RAN2 #122 [1] and RAN2 #123 [2]:
	RAN2 #122 meeting
· Dynamic grant can be used for RACH-less LTM, for the first UL data transmission to the target cell:
- the UE monitors PDCCH for dynamic scheduling from the target cell, upon LTM cell switch. 
- upon cell switch decision, R2 assumes that the source DU informs the target DU about the selected beam, so that the target DU can start scheduling dynamic UL grant. 
· Configured grant can be used for RACH-less LTM, for the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell). FFS further optimization
RAN2 #123 meeting
· Define the association between CG occasion and beam in RRC and specify that the UE uses a CG occasion associated with the indicated beam in MAC


Dynamic grant & configured grant co-existence
One remaining issue is whether the target cell/DU can still use dynamic grant to schedule the first UL message when it has provided a configured grant to the UE. In our understanding, allowing the use of dynamic grant even when a configured grant is available, can be useful. 
For instance:
-	the UE is configured with 4 LTM candidates:
-	cell #1a and cell #1b controlled by DU1;
-	cell #2a and cell #2b controlled by DU2;
-	in any configuration, the UE can measure and perform early RACH to every other configuration.
When the UE switches from cell #1a to cell #2a, there is some F1 notification delay from DU1 to DU2. To reduce this delay, the network can include a CG for RACH-less LTM cell switch in the configuration of cell #2a, with a shorter periodicity than the expected F1 notification delay. However, when the UE switches from cell #2b to cell #2a, there is no inter-DU notification, so DU2 could schedule a DG earlier than the next CG occasion in the configuration of cell #2a. Therefore, it is beneficial to allow the target DU to provide a dynamic grant even when a configured grant is included in the LTM target cell configuration. 
According to the current running 38.321 CR, the UE starts monitoring PDCCH after receiving the LTM cell switch MAC CE, even if it has a configured grant and to send an uplink MAC PDU, the UE shall use the first available grant, which can be a configured grant or a dynamic grant.
Observation 1: Depending whether the source cell belongs to the same DU or not, RACH-less access to the same target cell can be faster with CG (inter-DU) or with DG (inter-DU), so it is useful to configure a CG but allow using DG.
Proposal 1a: During RACH-less LTM, the UE shall use the first available UL grant, which is either a configured grant or a dynamic grant (no specification impact).
In the configured grant based cell switch, it is unnecessary to have a notification from the source DU to the target DU for LTM to be executed, unlike in the dynamic grant procedure. However, to make it possible for the target DU to provide a dynamic grant for RACH-less LTM cell switch even when it has provided a configured grant, the notification from the source DU to the target DU (via the CU) is still useful. After receiving the notification, the target DU can decide whether to wait for the next CG occasion of the UE or to send a dynamic grant to the UE. In addition, RAN1 agreed that the source DU can activate some TCI states of the target cell, so it is possible that the source DU notifies the activated TCI states to the target DU, in order to let the target DU know which TCI states are already activated for the UE.
Observation 2: Even when a CG is configured, it is useful to inform the target DU of the activated TCI states of the target cell that were activated by the source cell.
Proposal 1b: For RACH-less LTM, RAN2 assumes that the source DU always informs the target DU about the selected beam. This gives the target DU the possibility to use a dynamic grant (even if the target configuration includes a CG). 
In the notification message from the source DU to the target DU (via the CU), the beam information is included to let the target DU send the dynamic grant. Another usage of the beam information in the notification message is to assist the target DU to adjust the receiving beam direction for the UL message on the configured grant. This seems useful when the separate TCI mode is configured. The source DU informs the UL TCI state ID to the target DU, and then the target DU may use it for receiving beam adjustment.
Proposal 1c: Discuss whether there is a need to also inform the target DU of the UL TCI state ID in the separate TCI mode case, e.g. for the target cell to adjust the UL beam used to receive UE UL data.
LTM completion determination
In RAN2 #123, there is an agreement about the LTM completion determination on the UE side. When the UE receives a PDCCH addressed to the UE C-RNTI for a new transmission after the first UL data, the UE regards the RACH-less LTM cell switch as successful.
	RAN2 #123 meeting
· RAN2 assumes For RACH-less LTM, the UE determines successful reception of its first UL data based on receiving a PDCCH addressing the UE’s C-RNTI in the target cell scheduling a new transmission after the first UL data, (FFS if specified contents should be transmitted with this transmission, e.g. as LTE MAC CE).


In the above RAN2 agreement, it is not defined whether "a new transmission" is UL and/or DL, and if it is UL, how the UE determines that it is a "new transmission". 
If the target configuration includes a configured grant and the target cell can provide a dynamic grant, there might be ambiguous cases. For instance, when the UE uses the configured grant to send the first UL data but the transmission fails, the network might send a dynamic grant for the UE to transmit the first UL data. If the UE considers it as a "new transmission", the UE will consider RACH-less access as complete and stop T304, even though the network did not successfully receive any UL transmission from the UE.
In any case, it is likely that the network will only start scheduling DL data if it considers that the UE has accessed the cell successfully, so no such situation should occur.
One possible solution to distinguish a "new transmission" for the UL transmission scheduled by PDCCH with C-RNTI is that the network uses different HARQ process IDs for CG and DG. For instance, the target DU knows that the UE may use HARQ process ID #1 for CG transmission, so the target DU can use HARQ process ID #2 for dynamic grant if it wants to schedule the UE before the next CG occasion. The UE only considers the RACH-less cell switch to be successfully completed when a PDCCH addressed to C-RNTI indicating an uplink grant for a new transmission is received for the HARQ process used for the transmission of the first UL data.
[bookmark: _Hlk146802892]Proposal 2a: Discuss whether a solution is needed to address the ambiguity of the RACH-less LTM completion when the target sends a dynamic grant (using PDCCH addressing C-RNTI) to schedule the UE first UL data after the UE has used a CG to transmit its first UL data, which was not successfully received by the target cell.

Proposal 2b: If RAN2 intends to solve the ambiguity described in proposal 2a, discuss the following two options for the UE to consider the RACH-less cell switch successfully completed:
· Option 1: the UE only considers RACH-less cell switch to be complete upon reception of a DL assignment
· Option 2: the UE considers RACH-less cell switch to be complete upon reception of a DL assignment or of an UL grant for new transmission using the same HARQ process like the first UL transmission.
 
Configured grant specific issues
Subsequent CG transmission after successful LTM RACH-less cell switch
In RAN2 #123 meeting, RAN2 agreed that CG occasions are associated with DL beams and that the UE uses a CG occasion associated with the DL beam indicated in the LTM cell switch MAC CE. In addition, RAN2 has an observation saying that the network can release Type1 CG resource after LTM completion by existing functionality when the network does not want the UE to use this CG resource anymore.
	RAN2 #123 meeting
· Define the association between CG occasion and beam in RRC and specify that the UE uses a CG occasion associated with the indicated beam in MAC
· Observation: In cases for which it is desired that CG used for LTM is not used further once the UE has made the cell its new serving cell, it is assumed that the network could release Type1 CG resource on LTM completion (existing functionality)


After the UE has successfully accessed the target cell, the association between CG occasions and DL beams is not useful anymore because the UE and the network already established a beam pair. If the CG resources are not released after cell switch and the UE continues using the CG occasion, it will continue to apply the selection rule to select a CG occasion associated with the current DL beam to transmit UL messages, many UL resources will be. To avoid such a waste of CG resources, the CG resources should be modified to release the association with DL beams anymore, or should be released. If this not done autonomously by the UE, after every RACH-less LTM cell switch to a candidate cell for which a CG resource is configured, the network needs to reconfigure the UE.
Observation 3: If the CG resources for RACH-less LTM are not reconfigured to release the association of CG occasions with DL beams, or released, most CG resources will be unused, which is a waste of radio resources.
Observation 4: If there is no autonomous UE behaviour to release the association of CG occasions with DL beams or to release the CG resources, an RRC reconfiguration will be needed after every LTM RACH-less cell switch to a cell for which CG is configured for initial access.
Proposal 3: Select one of the following options on the UE behaviour to handle CG resources for RACH-less LTM after cell switch, if not released by network:
-	Option 1: after successful transmission of first UL data, the UE stops using the CG. 
-	Option 2: after successful transmission of first UL data, the UE stops using the association of the CG with DL beams, i.e. the UE uses any CG occasion regardless of the current DL beam.
[bookmark: _GoBack]configuredGrantTimer expiration
The CG based RACH-less LTM procedure is similar to the Rel-17 CG SDT procedure. In Rel-17 CG SDT, when the configuredGrantTimer expires and the PDCCH addressed to the C-RNTI is not received, the UE regards the SDT procedure as failed.
	TS 38.321 v17.5.0
[bookmark: _Toc52752017][bookmark: _Toc52796479][bookmark: _Toc139032260]5.4.2.2	HARQ process
[…]
If the configuredGrantTimer expires for a HARQ process, the HARQ process shall:
1>	stop the cg-RetransmissionTimer, if running;
1>	stop the cg-SDT-RetransmissionTimer, if running.
1>	if a PDCCH addressed to the MAC entity's C-RNTI has not been received after initial transmission for the CG-SDT with CCCH message to which the configuredGrantTimer corresponds:
2>	indicate failure to perform SDT procedure to the upper layer.



In LTM, when the configuredGrantTimer expires, the UE cannot re-transmit the first UL data using the CG but the UE still can receive PDCCH addressed to the UE C-RNTI for LTM successful completion indication or PDCCH addressed to the UE CS-RNTI for re-transmission scheduling of the first UL data. Therefore, there may be no need to declare LTM failure when configuredGrantTimer expires if T304 is still running. In CG-SDT, power saving is one important so it makes sense to declare SDT failure when configuredGrantTimer expires in order to avoid PDCCH monitoring for a longer time. However, for LTM, it makes sense to allow more time for the UE to monitor PDCCH.
Observation 5: When the configuredGrantTimer expires, the CG for LTM RACH-less will not be used to re-transmit the UE first UL data (even if this UL data is not successfully received).
Observation 6: If T304 is longer than configuredGrantTimer, before LTM completion and after configuredGrantTimer expires, the network can transmit the PDCCH to the UE C-RNTI for new transmission to trigger LTM successful completion or transmit the PDCCH to the UE CS-RNTI to schedule the retransmission of the first UL data.
Proposal 4: Discuss whether the UE considers RACH-less LTM as failed if the configuredGrantTimer expires before LTM completion/T304 expiry.
Conclusion
This contribution makes the following proposals:
Dynamic grant & configured grant co-existence
Proposal 1a: During RACH-less LTM, the UE shall use the first available UL grant, which is either a configured grant or a dynamic grant (no specification impact).
Proposal 1b: For RACH-less LTM, RAN2 assumes that the source DU always informs the target DU about the selected beam. This gives the target DU the possibility to use a dynamic grant (even if the target configuration includes a CG). 
Proposal 1c: Discuss whether there is a need to also inform the target DU of the UL TCI state ID in the separate TCI mode case, e.g. for the target cell to adjust the UL beam used to receive UE UL data.
LTM completion
Proposal 2a: Discuss whether a solution is needed to address the ambiguity of the RACH-less LTM completion when the target sends a dynamic grant (using PDCCH addressing C-RNTI) to schedule the UE first UL data after the UE has used a CG to transmit its first UL data, which was not successfully received by the target cell.
Proposal 2b: If RAN2 intends to solve the ambiguity described in proposal 2a, discuss the following two options for the UE to consider the RACH-less cell switch successfully completed:
· Option 1: the UE only considers RACH-less cell switch to be complete upon reception of a DL assignment
· Option 2: the UE considers RACH-less cell switch to be complete upon reception of a DL assignment or of an UL grant for new transmission using the same HARQ process like the first UL transmission.

Subsequent CG transmission after LTM RACH-less cell switch
Proposal 3: Select one of the following options on the UE behaviour to handle CG resources for RACH-less LTM after cell switch, if not released by network:
-	Option 1: after successful transmission of first UL data, the UE stops using the CG. 
-	Option 2: after successful transmission of first UL data, the UE stops using the association of the CG with DL beams, i.e. the UE uses any CG occasion regardless of the current DL beam.
configuredGrantTimer expiration
Proposal 4: Discuss whether the UE considers RACH-less LTM as failed if the configuredGrantTimer expires before LTM completion/T304 expiry.
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