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1	Introduction
RAN2#123bis agreed the following regarding coexistence of LTM and L3 mobility:
	It is assumed that L3 handover may happen while LTM is configured / evaluated / used. 
RAN2 confirms that during network triggered L3 HO / PSCell change, the UE does not autonomously release the LTM configuration.
RAN2 confirms that the RRCReconfiguration message to execute an L3 HO or PSCell change procedure may reconfigure (setup, release) the LTM configuration. 




At RAN2#124 the following agreements were made:
	We not support the 2-step RACH CFRA information for the LTM MAC CE.
NR-U might not work with LTM (no clear consensus what is are the issues or impact to fix – e.g. timers and counters are mentioned), no consensus to fix this right now. 
Postpone rest of coexist proposals





Based on the above agreements, in this contribution we discuss further the coexistence of LTM with other features for which there are no explicit agreements yet, including:
· Conditional reconfigurations (CHO/CPC/CPA)
· Dual Active Protocol Stack (DAPS) handover
· [bookmark: _Ref178064866]MIMO evolution-related features, including inter-cell beam management (ICBM) and multi-TRP in Rel-17 and Rel-18 
· NR in Unlicensed bands (NR-U)
2	Discussion
2.1	Coexistence of LTM and conditional reconfigurations (CHO/CPC/CPA)
The coexistence of CHO and LTM was briefly discussed at the RAN2#123bis meeting. We think that there are scenarios where e.g. CHO can be configured simultaneously with LTM for a UE. It would be up to network to avoid conflicts, e.g. by not using them for the same target cells / frequencies.
The same reasoning can be made for CPA and CPC and especially since NR-DC with SCG in FR2 is a very valid scenario. The same applies for subsequent CPAC and LTM.
It was suggested during the discussion that no specification changes are needed to support this, and we agree with that. We propose:
[bookmark: _Toc158996403]RAN2 to confirm that the UE can be configured with both LTM and conditional reconfiguration (CHO/CPC/CPA/Subsequent CPAC) at the same time. 
If the above is agreed, question is then what happens with LTM configurations when the UE executes a conditional reconfiguration? We think the same principle as for the network triggered L3 mobility should apply, i.e. there is no autonomous UE release of the LTM configuration, and the network needs to use explicit reconfiguration in the RRCReconfiguration message applied during execution. This is also according to how it is specified in TS 38.331 v18.0.0 and we see no need to change this for conditional execution of the RRCReconfiguration message. It should also be possible to setup or modify the LTM configuration during conditional reconfigurations, as this is a valid use case, and it is already supported in the Rel-18 RRC specification as the LTM-Config may be included in any RRCReconfiguration message.
We propose:
[bookmark: _Toc158996404]RAN2 to confirm that during execution of conditional reconfiguration (CHO, CPC or CPA), the UE does not autonomously release the LTM configuration.
[bookmark: _Toc158996405]Keep the current possibility in the Rel-18 RRC specification where the RRCReconfiguration message to execute a conditional reconfiguration (CHO, CPC or CPA) may reconfigure (setup, release) the LTM configuration.
The next thing is the other way around: How the UE handles the conditional reconfiguration when executing LTM? As specified in TS 38.331 v18.0.0, when reconfiguration with sync is performed, the UE releases conditional configurations, except for the subsequent CPAC configurations:
	2>	if the reconfigurationWithSync was included in spCellConfig of an MCG; or
2>	if the reconfigurationWithSync was included in spCellConfig of an SCG and the CPA, CPC, or subsequent CPAC was configured:
3>	remove all the entries in the condReconfigList within the MCG and the SCG VarConditionalReconfig except for the entries in which subsequentCondReconfig is present, if any;



As reconfiguration with sync is also used for LTM, the behaviour will be the same during LTM for MCG or SCG. We think this is the correct behaviour as it will be aligned with L3 mobility.
We therefore propose:
[bookmark: _Toc158996406]No need to change the handling of conditional configurations at LTM cell switch in the Rel-18 RRC specification where the UE releases conditional reconfigurations except for subsequent CPAC.
2.2	Coexistence of LTM with DAPS handover 
DAPS handover is a L3 handover and might be covered by the existing agreements regarding LTM and L3 HO coexistence. However, as there are already considerable limitations about which other features that may be configured when the UE executes DAPS, we need to discuss it also for LTM.
As of Rel-16-17, for example CA/DC and mTRP need to be released before the network transmits the “DAPS handover command” (an RRCReconfiguration message including reconfigurationWithSync and with at least one DRB configured with DAPS). This is to simplify specification and implementation by reducing overall complexity but also to avoid UE capabilities being exceeded during DAPS.
In [2], we analyse the issues with having LTM and DAPS configured for the UE at the same time. In short, if the UE has an LTM configuration when it receives the DAPS HO command, it causes issues and to use LTM while DAPS is ongoing will not work either (and gains are questionable). We propose:

[bookmark: _Toc158996407]Network should release the LTM configuration before sending any DAPS HO command.
[bookmark: _Toc158996408]Network may setup LTM only after a DAPS handover has completed (after the source cell has been released or in the same message as release of the source cell).
2.3	Coexistence of LTM with MIMO-related features 
2.3.1	Multi-TRP
In multi-TRP (mTRP), the UE is connected with multiple Transmission and Reception Points (TRPs) and therefore multiple beams, at the same time. In Rel-18 feMIMO, multiple enhancements are introduced, such as extension of the unified TCI state. To communicate with multiple TRPs, the UE is provided with multiple TCI states.  Different TRPs are associated with different TCI states, although the association between a TRP and a TCI state is transparent to the UE. RRC is used to configure the UE with mTRP communication, but to actually start communicating, MAC CE is used to activate the correct two TCI states. 
There is nothing that prevents that candidate configuration includes an mTRP configuration, and once the LTM cell switch has been executed, the serving cell configuration may contain all the information needed to communicate with multiple TRPs. However, the LTM cell switch command only contains a single TCI state index, which would correspond to one TRP. Starting communication with multiple TRPs directly after executing the LTM cell switch is thus not possible. 
[bookmark: _Toc158996399]UE cannot communicate with multiple TRPs directly after the execution of the LTM cell switch.
Note that the other way around is possible: If a UE in mTRP receives an LTM cell switch command, it will activate a new TCI state in the target cell that will replace any activated TCI states. And if the UE receives “early TCI state activation” while the UE has mTRP it will add the corresponding beam, assuming it is allowed by the UE capabilities.
Moreover, in mTRP, the two TRPs may have different TA-values, i.e. belong to different TAGs. We also observe:
[bookmark: _Toc158996400]The LTM cell switch command in Rel-18 MAC specification does not support to include more than one TA. .
We propose to not do any enhancements for the combination of LTM and mTRP and that would imply that in Rel-18  the UE cannot establish mTRP in the target cell triggered by the LTM cell switch MAC CE.
[bookmark: _Toc158996409]No further enhancements to be done in Rel-18 to better support the combination of mTRP and LTM cell switch.
2.3.2	Inter-cell beam management (ICBM)
The inter-cell beam management (ICBM) in Rel-17 and Rel-18 allows the UE to measure, report and add a beam associated with another PCI . Question is whether ICBM and LTM may co-exist, meaning if they can be configured at the same time for a UE which is capable of both these sets of features.
We think that inter-cell beam management and LTM are two independent features and in general:
· UE can be configured with additionalPCIs and switch between beams with ICBM even if LTM is configured.
· Since both features are network-controlled, the network can avoid conflicts. 
Similar to mTRP, there are at least two aspects of LTM which may interact in case the UE uses an ICBM beam from another cell:
· Candidate cell TCI state activation (“early DL sync”). This works (if allowed by UE capability).
· LTM cell switch: The LTM cell switch results in that UE applies the indicated TCI state and an RRC reconfiguration and that may override any previous ICBM configuration. However, the single TCI state in the LTM cell switch command will not be associated with an additional PCI: it will be associated with the PCI in ServingCellConfigCommon of the candidate configuration, and the initial communication will be performed accordingly. Provided that the ServingCellConfig of the candidate contains an ICBM configuration, the NW may then activate a TCI state associated with an additionalPci. 

Note that both the candidate TCI state activation and the TCI state in the LTM cell switch command refer to the candidate TCI states configured in the candidate configurations (ltm-DL-OrJointTCI-StateToAddModList-r18), while the TCI state activation/indications in ICBM refers to the TCI states in the serving cell configuration (dl-OrJointTCI-StateList-r17).

[bookmark: _Toc158996401]LTM and ICBM are independent features and work together.
[bookmark: _Toc158996402]Directly after the execution of the LTM cell switch, the UE will rely on a TCI state that is not associated with an additionalPCI.
[bookmark: _Toc158996410]The UE may have LTM and ICBM configured at the same time. 

2.4	Coexistence of LTM with NR-U 
In NR-U, the UE may use Listen Before Talk (LBT) during random access. If an LTM candidate cell is an NR-U cell, the UE may need to use LBT during the early UL sync and/or at RACH-based LTM cell switch. For the early UL sync, if the UE encounters LBT failure during the preamble transmission, this should not cause power ramping for the next transmission. However, the current specifications do support using LBT for the early UL sync.
We think that while this can be fixed, we don’t see it as important enough to spend time on.
[bookmark: _Toc158996411]RAN2 to not make efforts to support co-existence of LTM and NR-U in Rel-18.

3	Conclusion
According to the discussion in Section 2, the following observations are made:
Observation 1	UE cannot communicate with multiple TRPs directly after the execution of the LTM cell switch.
Observation 2	The LTM cell switch command in Rel-18 MAC specification does not support to include more than one TA. .
Observation 3	LTM and ICBM are independent features and work together.
Observation 4	Directly after the execution of the LTM cell switch, the UE will rely on a TCI state that is not associated with an additionalPCI.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to confirm that the UE can be configured with both LTM and conditional reconfiguration (CHO/CPC/CPA/Subsequent CPAC) at the same time.
Proposal 2	RAN2 to confirm that during execution of conditional reconfiguration (CHO, CPC or CPA), the UE does not autonomously release the LTM configuration.
Proposal 3	Keep the current possibility in the Rel-18 RRC specification where the RRCReconfiguration message to execute a conditional reconfiguration (CHO, CPC or CPA) may reconfigure (setup, release) the LTM configuration.
Proposal 4	No need to change the handling of conditional configurations at LTM cell switch in the Rel-18 RRC specification where the UE releases conditional reconfigurations except for subsequent CPAC.
Proposal 5	Network should release the LTM configuration before sending any DAPS HO command.
Proposal 6	Network may setup LTM only after a DAPS handover has completed (after the source cell has been released or in the same message as release of the source cell).
Proposal 7	No further enhancements to be done in Rel-18 to better support the combination of mTRP and LTM cell switch.
Proposal 8	The UE may have LTM and ICBM configured at the same time.
Proposal 9	RAN2 to not make efforts to support co-existence of LTM and NR-U in Rel-18.
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Appendix:	TP to TS 38.300
Below we provide a text proposal to 3GPP TS 38.300 [1].

[bookmark: _Toc20387980][bookmark: _Toc29376060][bookmark: _Toc37231951][bookmark: _Toc46502006][bookmark: _Toc51971354][bookmark: _Toc52551337][bookmark: _Toc155991466][bookmark: _Toc20387982][bookmark: _Toc29376062][bookmark: _Toc37231953][bookmark: _Toc46502008][bookmark: _Toc51971356][bookmark: _Toc52551339][bookmark: _Toc155991468][bookmark: _Toc155991478]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 and LTM 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 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.
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