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1	Introduction
In previous RAN2 meetings, RAN2 discussed the RRC design of the LTM and reached some progress. In this contribution, we further discuss the RRC aspects for LTM based on the agreements and objectives of WI.
[bookmark: _Toc499559238][bookmark: _Toc61387172][bookmark: _Toc147158671]2	Discussion
[bookmark: _Toc499559239][bookmark: _Toc61387173][bookmark: _Toc147158672]2.1	Early RACH configuration
[bookmark: _Toc147158679]2.1.1	Early RACH for NUL and SUL
In LTM RACH-less cell switch, the UE is able to use early RACH procedure and receive a TA value in the LTM cell switch MAC CE. In the current RRC running CR, ltm-EarlyUL-SyncConfig-r18 is present for each candidate configuration. When the UE receives a PDCCH order indicating early RACH towards a candidate cell, the UE uses the PDCCH order RACH resource information, together with ltm-EarlyUL-SyncConfig-r18 of this candidate to find the RACH resources.
The early RACH resources are shared by multiple UEs in a source cell/DU, so if the candidate cell provides more early RACH resources, the source cell/DU will have more flexibility to use those RACH resources for multiple UEs and more UEs can perform early RACH at the same/near time without RACH resource collision. In this case, when a candidate cell supports both NUL and SUL, it can provide both early RACH resources in NUL and SUL, and the source cell/DU can use those resources efficiently and flexibly. If only the NUL can be used for early RACH, this may cause RACH resource shortage on the NUL. In addition, RAN1 designed the PDCCH order based on the legacy PDCCH format, which means the 1-bit SUL/NUL indication is already available so the PDCCH-ordered early RACH can be easily supported for both NUL and SUL.
Observation 1: The PDCCH order format for early RACH designed by RAN1 content already includes one bit for NUL/SUL indication.
Observation 2: If the target cell has NUL and SUL, not allowing to use early RACH on the NUL will waste RACH capacity.
Proposal 1a: In order to avoid RACH resource shortage on the NUL, the NUL/SUL bit in the PDCCH order format designed by RAN1 can be used and early RACH resources for both NUL and SUL can be provided to the UE.
Based on the current RRC running CR, we can simply add one field called ltm-EarlyUL-SyncConfigSUL-r18 to provide early RACH resource of SUL, which is shown in the following ASN.1:
LTM-Candidate-r18 ::=     SEQUENCE {
    ltm-CandidateId-r18                            LTM-CandidateId-r18,
    ltm-CandidatePCI-r18                           PhysCellId,
    ltm-SSB-Config-r18,        LTM-SSB-Config-r18                            OPTIONAL,    -- Need M
    ltm-CandidateConfig-r18    OCTET STRING (CONTAINING RRCReconfiguration) OPTIONAL,     -- Need M
    ltm-ConfigComplete-r18     ENUMERATED {true}                             OPTIONAL,    -- Need R
    ltm-EarlyUL-SyncConfig-r18 SetupRelease { EarlyUL-SyncConfig-r18 }       OPTIONAL,    -- Need M
    ltm-EarlyUL-SyncConfigSUL-r18 SetupRelease { EarlyUL-SyncConfig-r18 }    OPTIONAL,    -- Need M
[…omitted…]
}

Proposal 1b: Add ltm-EarlyUL-SyncConfigSUL-r18 (reuse the IE EarlyUL-SyncConfig-r18) in LTM-Candidate-r18 to provide early RACH resources on SUL of the candidate cell.
2.1.2	Early RACH for LTM
In order to avoid RACH collision in subsequent LTM, the candidate cell needs to provide its early RACH resource per source DU. When the UE switches from DU1 to DU2, the UE needs to use the early RACH resources specific to DU2. In RAN2 #123bis meeting, RAN2 made the following agreement to support early RACH for subsequent LTM:
	RAN2 #123bis:
· Proposal 2a: For each candidate target cell towards which early RACH is supported, the UE is provided with a RACH configuration (per source per cand), which can be the same for multiple source cells.


When the RRC provides a RACH configuration (per source per candidate) as shown in the agreement, early RACH in subsequent LTM can be supported. We call this method option 1. The current RRC running CR does not capture this option 1. A possible implementation would be:
LTM-Candidate-r18 ::=     SEQUENCE {
    ltm-CandidateId-r18        LTM-CandidateId-r18,
    ltm-CandidatePCI-r18       PhysCellId,
    ltm-SSB-Config-r18         LTM-SSB-Config-r18                            OPTIONAL,    -- Need M
    ltm-CandidateConfig-r18    OCTET STRING (CONTAINING RRCReconfiguration)  OPTIONAL,    -- Need M
    ltm-ConfigComplete-r18     ENUMERATED {true}                             OPTIONAL,    -- Need R
    ltm-EarlyUL-SyncConfig     SetupRelease { EarlyUL-SyncConfigList-r18 }   OPTIONAL,    -- Need M
--  other fields omitted
}

EarlyUL-SyncConfigList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18-plus-1) OF EarlyUL-SyncConfigPerSource)

EarlyUL-SyncConfigPerSource ::=     SEQUENCE {
    sourceCellList            SEQUENCE (SIZE (1..maxNrofCellsLTM-r18-plus-1) OF LTM-SourceId-r18,
    earlyUL-SyncConfig        EarlyUL-SyncConfig,
    earlyUL-SyncConfigSUL     EarlyUL-SyncConfig                            OPTIONAL     -- Need R
}

LTM-SourceId-r18 ::= INTEGER (0..maxNrofCellsLTM-r18)


Instead of a single early UL sync configuration, LTM-Candidate includes a list of early UL sync configurations and, for each configuration, the list of source cells (0 represents the source cell if it is not a candidate, the other values are the LTM-CandidateId) and the UE uses the configuration according to its current serving cell.
Alternatively (option 2), the UE only gets a single early RACH configuration per candidate in RRC as in the current running RRC CR. When a candidate DU provides early RACH resources to a source DU, it indicates the subset of RACH resources that the source DU can use. For example, DU_3 (candidate DU) indicates to DU_1 that it can use preamble IDs 0 to 9, and to DU2 that it can use preamble IDs 10 to 19. In this option, the per source per candidate configuration is realized at the network side and the UE just follows the PDCCH order indication using a single early RACH configuration. If option 2 is agreed, RAN2 should inform RAN3 to design the corresponding F1 signalling. The RAN3 impact should be limited because the current F1 signalling for providing early RACH resource from candidate DU to source DU has been already designed in RAN3. The potential impact is the F1 IE content in the F1 signalling.
The main difference between option 1 and option 2 is that, in option 1, for the same candidate cell, the UE can use a different RACH configuration (e.g., different prach-RootSequenceIndex) when the UE switches from DU_1 to DU_2. However, in option 2, the UE has to use the same RACH configuration (e.g., the same prach-RootSequenceIndex), but use different preamble ID or SSB index.
Proposal 3: Discuss to choose the option to implement the early RACH configuration in LTM.
Option 1: For each LTM candidate configuration, RRC provides an early RACH configuration per source cell to the UE, as already agreed
Option 2: For each LTM candidate configuration, RRC provides a single early RACH configuration to the UE, and the candidate DU allocates a subset of preamble/SSB to each source DU, RAN3 adds this information in F1.
2.2	Legacy reconfiguration support
In the current RRC running CR, at LTM execution, the UE executes a new procedure introduced in “section 5.3.5.x.6 LTM cell switch execution”. In this new procedure, the UE releases the current configuration with a number of exceptions, releases the configuration of RLC and PDCP entities but keeps these entities, applies the complete configuration using the existing delta signalling procedure, performs actions on RLC and PDCP entities, then releases RLC entities and RBs that were in the initial UE configuration but not in the configuration to be applied. There are a number of open issues on how this procedure works exactly and which cases are supported or not.
This procedure is designed in order to work regardless of the source configuration. However, different networks may employ different scenarios and it may be difficult to ensure that this procedure will work in all cases.
Since Rel-15, the full configuration procedure allows to deal with cases in which the target node does not understand the current UE configuration: full configuration, but it can also be used to avoid inter-operability issues, e.g. in inter-vendor scenarios. While such a procedure may not be suitable for all scenarios, it could be a useful solution to ensure that the UE can successfully apply a candidate configuration regardless of the source configuration, without the risks of a new reconfiguration procedure.
In intra-DU scenarios, it would even be possible to apply the regular delta configuration procedure and it could be up to the network to provide delta configuration that will result in the same final configuration regardless of the source configuration. This would avoid the risks of interoperability of the new procedure, while still providing the gains of the LTM procedure.
2.3	L2 behaviours
In the RRC running CR, the "LTM cell switch execution procedure" includes:
	1> if the value of field ltm-NoResetID contained within the LTM-Candidate IE in VarLTM-Config indicated by lower layers or for the selected cell in accordance with 5.3.7.3 is equal to the value of ltm-ServingCellNoResetID within VarLTM-ServingCellNoResetID:
2> continue using the current RLC entity in the LTM candidate configuration indicated by lower layers;
1> else:
2> for each logicalChannelId and logicalChannelIdExt that is part of the current UE configuration for the cell group for which the LTM cell switch procedure is triggered:
3> re-establish the corresponding RLC entity as specified in TS 38.322 [4];
2> for each drb-Identity value that is part of the current UE configuration: 
3> trigger the PDCP entity of this DRB to perform data recovery as specified in TS 38.323 [5];
2> replace the value of ltm-ServingCellNoResetID in VarLTM-ServingCellNoResetID with the value of ltm-NoResetID in the LTM-Candidate in VarLTM-Config indicated by lower layers or for the selected cell in accordance with 5.3.7.3;



According to the current RRC running CR procedure, when the source cell ServingCellNoResetID and the target cell ltm-NoResetID are different, PDCP data recovery is triggered for DRBs. However, data recovery is only suitable for AM DRBs, but not for UM DRBs, so additional clarification is needed.
Proposal 7: Clarify that, when the source cell ServingCellNoResetID and the target cell ltm-NoResetID are different, the PDCP data recovery is only for AM DRBs.
For intra-DU LTM, the RLC entity can be kept instead of being re-established, i.e. if the source cell and the target cell have the same ltm-NoResetID, the UE does not need to perform RLC-re-establishment. In this case, after the LTM cell switch, the RLC remains as it is and the RETX_COUNT of the RLC SDUs that have not been successfully transmitted before cell switch continues to increase, which increases the probability of triggering RLF. For example, if maxRetxThreshold=3, RLC SDU#1 has been retransmitted twice before the LTM cell switch. If RLC SDU#1 is transmitted unsuccessfully again in the target cell after LTM cell switch, RRC considers RLF to be detected, although the UE just switched to the target cell.
Proposal 8: Discuss whether the UE should re-initialize the RLC RETX_COUNT counter upon LTM cell switch in case of RLC entity continuation.
2.4	LTM fast recovery security issue
In [2], a security issue was raised: key stream re-use may occur when LTM cell switch fails (T304 expires) and, when doing cell selection as part of the re-establishment procedure, the UE selects a cell which is an LTM candidate cell and initiates LTM cell switch to that LTM candidate. The issue occurs as follows: if the UE uses PDCP count value M for SRB in the source cell, when the UE receives the LTM cell switch MAC CE, it sends RRCReconfigurationComplete message with PDCP count value M+1.  When T304 expires, the UE reverts back to the source cell configuration including PDCP state variable (PDCP count value reverts back to M) and when it attempts to perform LTM cell switch to another candidate, it does not change the key and uses a PDCP count value M+1 again for the RRCReconfigurationComplete message to the new LTM candidate. Since the count value is re-used and the key is not changed, the key stream is re-used. The solution in [2] is that PDCP state variable TX_NEXT is not reverted when LTM fails, unlike other PDCP variables. This causes a PDCP SN gap at the network receiving PDCP entity but it seems acceptable if t-Reordering timer is not set to a very large value.
One question in this case is whether the "not revert TX_NEXT" only applies to SRB1 or also to DRBs, as the UE may have included some UL data together with the RRCReconfigurationComplete message. Besides, since the scenario under consideration is fast recovery for LTM, RAN2 should carefully described all aspects of UE behaviour. For example, LTM execution to the target cell of the LTM cell switch command (for which T304 expired) may require RLC re-establishment while LTM execution to the target cell of the LTM fast recovery does not require it. To avoid any RLC SN mismatch between the UE and the network, the UE behaviour should be clearly specified.
Proposal 9: Further investigate the fast recovery with LTM scenario before agreeing a solution for key stream reuse
2.5	Successful fast recovery with LTM
In the current RRC running CR, when fast recovery is initiated, the UE releases all candidate configuration, as shown in the text below:
	5.3.5.x.6	LTM cell switch execution
[…]
1> if the LTM cell switch is triggered by an indication from lower layers:
2> apply the LTM configuration in ltm-CandidateConfig within LTM-Candidate IE in VarLTM-Config identified by the LTM candidate configuration identity as received from lower layers according to clause 5.3.5.3;
1> else (LTM cell switch triggered upon cell selection performed while timer T311 was running):
2> apply the LTM configuration in ltm-CandidateConfig within LTM-Candidate IE in VarLTM-Config related to the LTM candidate configuration identity for the selected cell in accordance with 5.3.7.3 according to clause 5.3.5.3;
2> perform LTM configuration release procedure for the MCG as specified in clause 5.3.5.x.7.


Regardless whether the fast recovery is successful or not, the UE will release all LTM candidate configurations. If the fast recovery procedure fails, the LTM candidate configurations will anyway be released as part of the RRC re-establishment procedure. However, if the fast recovery is successful, the UE could keep the LTM candidate configurations and the network could use them for subsequent LTM execution, like after any a normal LTM cell switch procedure. If such a UE behaviour is specified, as the UE did not send any RRCReestablishmentRequest, the network is aware that the UE has kept the LTM candidate configurations and no configuration mismatch can occur.
Proposal 10: The UE does not release LTM candidate configuration when the fast recovery via LTM is successful.
3	Conclusion
This contribution makes the following proposals:
Early RACH configuration
Proposal 1a: In order to avoid RACH resource shortage on the NUL, the NUL/SUL bit in the PDCCH order format designed by RAN1 can be used and early RACH resources for both NUL and SUL can be provided to the UE.
Proposal 1b: Add ltm-EarlyUL-SyncConfigSUL-r18 (reuse the IE EarlyUL-SyncConfig-r18) in LTM-Candidate-r18 to provide early RACH resources on SUL of the candidate cell.
Proposal 3: Discuss to choose the option to implement the early RACH configuration in LTM.
Option 1: For each LTM candidate configuration, RRC provides an early RACH configuration per source cell to the UE, as already agreed
Option 2: For each LTM candidate configuration, RRC provides a single early RACH configuration to the UE, and the candidate DU allocates a subset of preamble/SSB to each source DU, RAN3 adds this information in F1.
Legacy reconfiguration support
Proposal 4: The network can configure the UE to use the existing Rel-15 reconfiguration procedure at LTM execution, instead of the new Rel-18 "LTM cell switch execution" procedure.
Proposal 5: When the UE is configured to use the existing Rel-15 reconfiguration procedure at LTM execution, the legacy fullConfig RRC flag is allowed in the LTM candidate configuration.
Proposal 6: Define a UE capability signalling for the support of the new "complete configuration" procedure.
L2 behaviours
Proposal 7: Clarify that, when the source cell ServingCellNoResetID and the target cell ltm-NoResetID are different, the PDCP data recovery is only for AM DRBs.
Proposal 8: Discuss whether the UE should re-initialize the RLC RETX_COUNT counter upon LTM cell switch in case of RLC entity continuation.
LTM security issue
Proposal 9: Further investigate the fast recovery with LTM scenario before agreeing a solution for key stream reuse
UE capability discussion
Proposal 10: The UE does not release LTM candidate configuration when the fast recovery via LTM is successful.
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