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1	Introduction
LTM (L1/L2 Triggered Mobility) is introduced in Rel-18. In this contribution, we review the stage 2 specifications and provide discussion and corresponding TP in the annex part.
[bookmark: _Toc147158671][bookmark: _Toc61387172][bookmark: _Toc499559238]2	Discussion
[bookmark: _Toc147158672][bookmark: _Toc61387173][bookmark: _Toc499559239]2.1	LTM fast recovery when L3 HO fails
In RAN2 #123 meeting [1], RAN2 agreed a fast recovery procedure for LTM. This recovery procedure can be used when LTM cell switch fails or RLF is declared at the source cell.
	RAN2 #123
· Upon an LTM cell switch failure (i.e., supervision timer expiry) or RLF, fast recovery similar to CHO:
a)	UE performs cell selection.
b)	If selected cell is an LTM candidate cell, UE performs RACH-based LTM cell switch on the selected cell (network-controlled).
c)	If selected cell is not an LTM candidate cell, UE transmits RRC re-establishment request.


The current TS 38.300 v18.0.0 covers the cases of LTM failure and RLF at the source cell. However, the network can still send a L3 HO command even though it has configured LTM candidate cells for the UE. If L3 HO fails, whether the UE can use LTM candidate for fast recovery is not clear according to the current TS 38.300.
In Rel-16 CHO, a similar recovery procedure can be used when L3 HO fails. If LTM fast recovery procedure can be used when L3 HO fails, the RRC re-establishment can be avoided. In addition, the current RRC procedure actually supports this, as in the extract below because the “re-configuration with sync failure” is triggered by T304 expiry, and T304 is started both for LTM execution and for L3 HO.
	TS 38.331 v18.0.0
[bookmark: _Toc156129784]5.3.7.3	Actions following cell selection while T311 is running
[…]
1>	if the cell selection is triggered by detecting radio link failure of the MCG or re-configuration with sync failure of the MCG or mobility from NR failure; and
1>	if attemptLTM-Switch is configured; and
1>	if the selected cell is one of the LTM candidate cells in the LTM-Candidate IE within VarLTM-Config associated with the MCG:
2>	perform the LTM cell switch procedure for the selected LTM candidate cell according to the actions specified in 5.3.5.18.6;


Proposal 1:	Clarify in TS 38.300 that the LTM fast recovery procedure (to avoid RRC re-establishment) is also supported at L3 HO failure, as supported in RRC procedure.
2.2	Whether LTM is still HO
LTM is a cell switch (handover) method triggered by L1/L2. From this perspective, it is also a handover. However, in TS 38.300, “LTM” and “HO” seem separate two things, one example (highlight in yellow) is shown below. The intention perhaps is that “HO” refers to L3 handover, CHO and DAPS, while “LTM” refers to L1/L2 Triggered Mobility.
	TS 38.300 v18.0.0
Timer based handover failure procedure is supported in NR. RRC connection re-establishment procedure is used for recovering from handover failure except in certain CHO, DAPS handover or LTM cell switch scenarios:
-	When DAPS handover fails, the UE falls back to the source cell configuration, resumes the connection with the source cell, and reports DAPS handover failure via the source without triggering RRC connection re-establishment if the source link has not been released.
-	When initial CHO execution attempt fails or HO fails, the UE performs cell selection, and if the selected cell is a CHO candidate and if network configured the UE to try CHO after handover/CHO failure, then the UE attempts CHO execution once, otherwise re-establishment is performed.
-	When initial LTM execution attempt fails or HO fails, the UE performs cell selection and if the selected cell is an LTM candidate cell and if network configured the UE to try LTM after LTM execution failure, then the UE attempts LTM execution once, otherwise re-establishment is performed.


According to the above blue highlight sentence, the handover failure covers CHO, DAPS and LTM failure. In this case, it seems that the LTM belongs to handover, which is not very consistent with the intention mentioned above. Therefore, we propose that RAN2 to discuss whether LTM belongs to HO and use consistent description in TS 38.300.
Proposal 2:	RAN2 to discuss whether “LTM” is still “handover” and to use consistent description in TS 38.300, i.e. “handover” covers “LTM”.
2.3	The definition of “subsequent LTM”
In TS 38.300 v18.0.0, there is a definition of “subsequent LTM” which is “LTM cell switch procedures between candidate cells without RRC reconfiguration by the network in between”.
Having such a definition can result in understanding that:
-	there are two features, LTM and "subsequent LTM", while actually, there is a single feature;
-	if the UE receives an RRC message, it is not possible for further execute LTM.
The flow chart of LTM preparation followed by one or multiple executions is clearly showed in 9.2.3.5.2 and it also captures the fact that a single LTM preparation can be followed by multiple executions:


The steps 4-8 can be performed multiple times for subsequent LTM using the LTM candidate configuration(s) provided in step 2.

This sentence is the only place in TS 38.300 where the wording "subsequent LTM" appears. Actually, according to the figure, a better wording might be:
The steps 4-8 can be performed multiple times for subsequent LTM cell switch execution using the LTM candidate configuration(s) provided in step 2.

The above sentence perfectly shows that there can be multiple cell switch executions for a single preparation, so no additional "definition" is needed.
Observation 1:	A formal definition of "subsequent LTM" gives the impression that it is different from “LTM”.
Observation 2:	This definition of "subsequent LTM" gives the wrong impression that receiving any extra RRC message after LTM preparation prevents any further LTM cell switch execution.
Observation 3:	The wording "subsequent LTM" is only used once in TS 38.300, and to actually describe that an LTM preparation can be followed by multiple LTM cell switch executions.
Proposal 3:	Remove the definition of “subsequent LTM” in 9.2.3.5.2. Add "cell switch executions" after "subsequent LTM".
3	Conclusion
This contribution makes the following proposals:
LTM fast recovery when L3 HO fails
Proposal 1:	Clarify in TS 38.300 that the LTM fast recovery procedure (to avoid RRC re-establishment) is also supported at L3 HO failure, as supported in RRC procedure.
LTM is still HO
Proposal 2:	RAN2 to discuss whether “LTM” is still “handover” and to use consistent description in TS 38.300, i.e. “handover” covers “LTM”.
The definition of “subsequent LTM”
[bookmark: _GoBack]Proposal 3:	Remove the definition of “subsequent LTM” in 9.2.3.5.2. Add "cell switch executions" after "subsequent LTM".
4	Reference
1. [bookmark: _Ref157527962]R2-2309401, Report of 3GPP TSG RAN WG2 meeting #123, Toulouse, France.
5	Annex TP for TS 38.300
[bookmark: _Toc20387887][bookmark: _Toc29375966][bookmark: _Toc37231823][bookmark: _Toc46501876][bookmark: _Toc51971224][bookmark: _Toc52551207][bookmark: _Toc155991323]3.2	Definitions
Subsequent LTM: LTM cell switch procedures between candidate cells without RRC reconfiguration by the network in between.

[bookmark: _Toc20387980][bookmark: _Toc29376060][bookmark: _Toc37231951][bookmark: _Toc46502006][bookmark: _Toc51971354][bookmark: _Toc52551337][bookmark: _Toc155991466]9.2.3	Mobility in RRC_CONNECTED
[bookmark: _Toc20387981][bookmark: _Toc29376061][bookmark: _Toc37231952][bookmark: _Toc46502007][bookmark: _Toc51971355][bookmark: _Toc52551338][bookmark: _Toc155991467]9.2.3.1	Overview
Network controlled mobility applies to UEs in RRC_CONNECTED and is categorized into two types of mobility: cell level mobility and beam level mobility. Beam level mobility includes intra-cell beam level mobility and inter-cell beam level mobility.
Cell Level Mobility requires explicit RRC signalling to be triggered, i.e. handover. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 9.2.3.1-1:


Figure 9.2.3.1-1: Inter-gNB handover procedures
1.	The source gNB initiates handover and issues a HANDOVER REQUEST over the Xn interface.
2.	The target gNB performs admission control and provides the new RRC configuration as part of the HANDOVER REQUEST ACKNOWLEDGE.
3.	The source gNB provides the RRC configuration to the UE by forwarding the RRCReconfiguration message received in the HANDOVER REQUEST ACKNOWLEDGE. The RRCReconfiguration message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention-based and contention-free random access can be included in the RRCReconfiguration message. The access information to the target cell may include beam specific information, if any.
4.	The UE moves the RRC connection to the target gNB and replies with the RRCReconfigurationComplete.
NOTE 1:	User Data can also be sent in step 4 if the grant allows.
In case of DAPS handover, the UE continues the downlink user data reception from the source gNB until releasing the source cell and continues the uplink user data transmission to the source gNB until successful random access procedure to the target gNB.
Only source and target PCell are used during DAPS handover. CA, DC, SUL, multi-TRP, EHC, CHO, UDC, NR sidelink configurations and V2X sidelink configurations are released by the source gNB before the handover command is sent to the UE and are not configured by the target gNB until the DAPS handover has completed (i.e. at earliest in the same message that releases the source PCell).
The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC, except for DAPS handover, where upon reception of the handover command, the UE:
-	Creates a MAC entity for target;
-	Establishes the RLC entity and an associated DTCH logical channel for target for each DRB configured with DAPS;
[bookmark: _Hlk22837273]-	For each DRB configured with DAPS, reconfigures the PDCP entity with separate security and ROHC functions for source and target and associates them with the RLC entities configured by source and target respectively;
-	Retains the rest of the source configurations until release of the source.
The cell switch mechanism triggered by MAC, (i.e., LTM cell switch) requires the UE at least to reset the MAC entity. RLC handling depends on the network configuration.
NOTE 2:	Void.
NOTE 3:	Void.
RRC managed handovers with and without PDCP entity re-establishment are both supported. For DRBs using RLC AM mode, PDCP can either be re-established together with a security key change or initiate a data recovery procedure without a key change. For DRBs using RLC UM mode, PDCP can either be re-established together with a security key change or remain as it is without a key change. For SRBs, PDCP can either remain as it is, discard its stored PDCP PDUs/SDUs without a key change or be re-established together with a security key change.
Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed when the target gNB uses the same DRB configuration as the source gNB.
Timer based handover failure procedure is supported in NR. RRC connection re-establishment procedure is used for recovering from handover failure except in certain CHO, DAPS handover or LTM cell switch scenarios:
-	When DAPS handover fails, the UE falls back to the source cell configuration, resumes the connection with the source cell, and reports DAPS handover failure via the source without triggering RRC connection re-establishment if the source link has not been released.
-	When initial CHO execution attempt fails or HO fails, the UE performs cell selection, and if the selected cell is a CHO candidate and if network configured the UE to try CHO after handover/CHO failure, then the UE attempts CHO execution once, otherwise re-establishment is performed.
-	When initial LTM execution attempt fails or HO fails, the UE performs cell selection and if the selected cell is an LTM candidate cell and if network configured the UE to try LTM after handover/LTM execution failure, then the UE attempts LTM execution once, otherwise re-establishment is performed.
DAPS handover for FR2 to FR2 case is not supported in this release of the specification.
The handover of the IAB-MT in SA mode follows the same procedure as described for the UE. After the backhaul has been established, the handover of the IAB-MT is part of the intra-CU or inter-CU topology adaptation procedures defined in TS 38.401 [4]. Modifications to the configuration of BAP sublayer and higher protocol layers above the BAP sublayer are described in TS 38.401 [4].
The handover of the mobile IAB-MT follows the same procedure as described for the UE. After the backhaul has been established, the handover of the mobile IAB-MT is part of the mobile IAB-MT migration procedure defined in TS 38.401 [4].
Beam Level Mobility does not require explicit RRC signalling to be triggered. Beam level mobility can be within a cell, or between cells, the latter is referred to as inter-cell beam management (ICBM). For ICBM, a UE can receive or transmit UE dedicated channels/signals via a TRP associated with a PCI different from the PCI of a serving cell, while non-UE-dedicated channels/signals can only be received via a TRP associated with a PCI of the serving cell. The gNB provides via RRC signalling the UE with measurement configuration containing configurations of SSB/CSI resources and resource sets, reports and trigger states for triggering channel and interference measurements and reports. In case of ICBM, a measurement configuration includes SSB resources associated with PCIs different from the PCI of a serving cell. Beam Level Mobility is then dealt with at lower layers by means of physical layer and MAC layer control signalling, and RRC is not required to know which beam is being used at a given point in time.
SSB-based Beam Level Mobility is based on the CD-SSB associated to the initial DL BWP and can be configured for the initial DL BWPs, for DL BWPs containing the CD-SSB associated to the initial DL BWP, and if supported, for DL BWPs not containing the CD-SSB associated to the initial DL BWP. SSB-based Beam Level Mobility can be also performed based on an NCD-SSB, if configured for the active DL BWP. For other DL BWPs, Beam Level Mobility can only be performed based on CSI-RS, if configured for the active DL BWP.
[bookmark: _Toc155991480]9.2.3.5.2	C-Plane Handling
[bookmark: _Hlk144816415]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].


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 candidate cell(s) before receiving the cell switch command.
4b.	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 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 a MAC CE triggering cell switch by including the candidate configuration index of the target cell. The UE switches to the target cell and applies the configuration indicated by candidate configuration index.
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 6.1.3.xy 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.
The steps 4-8 can be performed multiple times for subsequent LTM cell switch executions using the LTM candidate configuration(s) provided in step 2.
The procedure over the air interface described in Figure x is applicable to both intra-gNB-DU LTM and inter-gNB-DU LTM. The overall LTM procedures over F1-C interface are captured in TS 38.401[4].
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