
3GPP TSG-RAN WG2 Meeting #121                                                                 R2-2300121
Athens, GR, 27 Feb - 3 Mar 2023                                                        
		
Source:	CATT 
[bookmark: Title]Title:	Further Analysis on IEs to Include in LTM Candidate Cell Configuration
[bookmark: Source]Agenda Item:	8.4.2.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In RAN2#120 meeting [1], the following agreements are made on RRC model aspects for LTM:
	P1	RAN2 to confirm that the CellGroupConfig IE is (mandatory) needed within an LTM candidate cell configuration.
P3	The RadioBearerConfig IE can be optionally supported in an LTM candidate configuration
P5	The MeasConfig IE can be optionally supported in an LTM candidate configuration.
P8	The OtherConfig IE is not required to be part of the LTM candidate cell configuration.
P9	The LTM candidate cell configuration should be designed as a To AddMod/ToRelease structure.
P10	The LTM candidate cell configuration ASN.1 structure comprises at least a CellGroupConfig IE and a configuration ID.



Due to the limited time last meeting, chair suggests “Chair: We Attempt to decide further at next meeting”. In this contribution, we give further analysis on IEs to include in LTM candidate cell configuration. 
Discussion
Analysis of IEs in RRCReconfiguration message
In last meeting, RAN2 had discussed the IEs in RRCReconfiguration message and achieved some agreements. According to chair’s suggestion, further discussion and confirm are needed. We provide the more in-depth analysis IE by IE below.
· CellGroupConfig IE
In last meeting, RAN2 has confirmed that the CellGroupConfig IE is (mandatory) needed within an LTM candidate cell configuration, and no more analysis about IEs in CellGroupConfig IE was discussed. However, furthermore, considering the difference between intra-DU case and inter-DU case, we could also need to consider and analyze the IEs in CellGroupConfig IE for intra-DU and inter-DU cases respectively, e.g. which parameters in CellGroupConfig IE are not needed to change for intra-DU LTM cell switch, to consider whether further optimization for UE behavior or signaling configuration is needed. Therefore, we provide an initial analysis in section 2.2.
· RadioBearerConfig IE
In last meeting, RAN2 discussed whether RadioBearerConfig IE is needed to configure in LTM candidate cell configuration, and agreed that the RadioBearerConfig IE can be optionally supported in an LTM candidate configuration. One concern is that the RB addition/release/modification may occur with LTM procedure, e.g. SRB3 addition is performed with PSCell change procedure, or DRB addition is performed with PCell change. However, considering that LTM is limited in intra-CU scenario, the PDCP entities are fixed in the CU, considering the intention of the LTM is reducing latency and improving throughput during the cell switch procedure, so if the NW expects to add/release/modify the RB configuration i.e. RadioBearerConfig, one legacy RRC reconfiguration is needed, it shouldn’t be triggered by LTM command.
Proposal 1: LTM procedure shouldn’t trigger the RB add/release/modify procedure (PDCP entity add/release/modify). If NW wants to indicate UE to perform RB add/release/modify, RRCReconfiguration message should be sent to UE.
The other concern is that, for inter-DU case, PDCP data recovery may be needed to indicate to UE. However only the AM DRB which associated with RLC entity or entities that perform RLC release/re-establishment needs to perform PDCP data recovery, so PDCP data recovery could be indicated implicitly.
Observation 1: It is feasible that the PDCP which needs to perform data recovery can be indicated implicitly, i.e. AM DRB which associated with RLC entity or entities that perform RLC release/re-establishment needs to perform PDCP data recovery.  
Based on above discussion, we propose RAN2 to confirm that the RadioBearerConfig IE is not required to be part of the LTM candidate cell configuration. 
Proposal 2: RAN2 to confirm that the RadioBearerConfig IE is not required to be part of the LTM candidate cell configuration.
· MeasConfig IE
RAN2 has agreed that the MeasConfig IE can be optionally supported in an LTM candidate configuration. One issue is the measurement objects configuration, we should assume the area range of the LTM candidate cell is limited, and the LTM is performed in intra-CU case, NW should have the knowledge of the frequencies of candidate cell and related neighbor cells, and could configure related measurement objects in advance. 
Observation 2: Frequencies needed to be measured could be pre-configured which doesn’t require the MeasConfig to be updated with LTM cell switch.
Another issue is the timing information. Actually, we couldn’t assume all the candidate cells have the same timing especially for inter-DU case. We need to consider updating RRM reconfiguration related to timing when LTM cell switch is performed. However, it is not a critical issue and can be addressed by some ways, e.g. the network can only pre-configure the changed parameters per LTM candidate cell, and the remaining parameters remain unchanged by default. 
Currently, we recognize that at least the following two configurations in MeasConfig IE need to be updated if the timing is different for source cell and target cell after LTM cell switch.
· smtc config (smtc1)
· meas gap config (measGapConfig)
For smtc1 in MeasConfig IE, it is used to configure measurement timing configurations, i.e., timing occasions at which the UE measures SSBs. It mainly includes three parameters, i.e. duration, periodicity, offset. Duration and periodicity could be unchanged for neighbor cells measurement when UE executes LTM cell switch from source cell to target cell, but the offset parameter needs to be updated if the timing of target cell is different from the timing of source cell. Please see the Figure 1 below,


Figure 1      SMTC
As shown in Figure1, if UE needs to measure SSB0~SSB3 for a neighbor cell measurement, duration (e.g. duration=2ms in Figure 1) and periodicity (e.g. periodicity=5ms in Figure 1) of the measurement window in which to receive SS/PBCH blocks can be same before and after LTM cell switch even if the timing of source cell and target cell are different. But for offset of the measurement window, it should be updated if the timing of source cell is different from the timing of target cell, e.g. in Figure 1, the SMTC offset = 3ms if the source cell is the serving cell (before LTM cell switch), but the SMTC offset = 2ms if the target cell is the serving cell (after LTM cell switch). If the UE performs LTM cell switch, the offset of the measurement window configuration in smtc1 needs to be updated when the timing of target cell is different from the timing of source cell (e.g. in Figure 1, from offset = 3ms change to offset=2ms).
For measGapConfig in MeasConfig IE, it is used to specify the measurement gap configuration and controls setup/release of measurement gaps. It mainly includes four parameters i.e. gapOffset, mgl, mgrp and mgta. Similar as smtc, we understand the parameters mgl, mgrp and mgta could be unchanged for neighbor cells measurement when UE executes LTM cell switch from source cell to target cell, but the gapOffset parameter needs to be updated if the timing of target cell is different from the timing of source cell. Please see the Figure 2 below,



Figure 2      measurement gap
As shown in Figure 2, if UE needs to measure SSB0~SSB3 for a neighbor cell measurement, mgl (e.g. mgl=4ms in Figure 2), mgrp (e.g. mgrp=20ms in Figure 2) and mgta (e.g. mgta=0.5ms in Figure 2) of the measurement gap configuration can be same before and after LTM cell switch even if the timing of source cell and target cell are different. But for gapOffset of the measurement gap configuration, it should be updated if the timing of source cell is different from the timing of target cell, e.g. in Figure 2, the gapOffset = 2ms if the source cell is the serving cell (before LTM cell switch), but the gapOffset = 1ms if the target cell is the serving cell (after LTM cell switch). If the UE performs LTM cell switch, the gapOffset of the measurement gap configuration in measGapConfig needs to be updated when the timing of target cell is different from the timing of source cell (e.g. in Figure 2, from gapOffset = 2ms change to gapOffset =1ms).
Considering above, the main point to solve the issue introduced by different timing between source cell and target cell is to acquire the timing difference between source cell and target cell by UE. One solution is to pre-configure timing difference information between source cell and target cell for each LTM candidate cell, UE could derive the timing difference based on the configured information; the remaining parameters remain unchanged by default. Considering the CU could get the timing information for each candidate cell, so it is feasible to pre-configure the parameters that needed to be changed. RAN2 can further discuss how to pre-configure the changed parameters. For example, if the timing for neighbor cell measurement is configured based on current serving cell timing, the timing offset between source cell and target cell could be acquired by UE itself. Similar methods can also be considered for measurement gap configuration.
Observation 3: The gap/SMTC configuration which may need to be updated with LTM cell switch can be updated if UE can get the timing difference between source cell and target cell. It doesn’t need to be updated in RRCReconfiguration message after each LTM cell switch.
The other configuration in the measConfig IE doesn’t need to be updated with the LTM cell switch.
Proposal 3: RAN2 to confirm that the MeasConfig IE is not required to be part of the LTM candidate cell configuration.
Proposal 4: RAN2 to further discuss how to ensure the valid SMTC and gap configuration after each LTM cell switch.
Analysis of IEs in CellGroupConfig IE
In this section, we will analyze the IEs in CellGroupConfig IE for intra-DU and inter-DU LTM cell switch case respectively, and provide some issues we observed. The following IEs are currently included in CellGroupConfig IE:
CellGroupConfig information element
-- ASN1START
-- TAG-CELLGROUPCONFIG-START

-- Configuration of one Cell-Group:
CellGroupConfig ::=                        SEQUENCE {
    cellGroupId                                CellGroupId,
    rlc-BearerToAddModList                     SEQUENCE (SIZE(1..maxLC-ID)) OF RLC-BearerConfig                        OPTIONAL,   -- Need N
    rlc-BearerToReleaseList                    SEQUENCE (SIZE(1..maxLC-ID)) OF LogicalChannelIdentity                  OPTIONAL,   -- Need N
    mac-CellGroupConfig                        MAC-CellGroupConfig                                                     OPTIONAL,   -- Need M
    physicalCellGroupConfig                    PhysicalCellGroupConfig                                                 OPTIONAL,   -- Need M
    spCellConfig                               SpCellConfig                                                            OPTIONAL,   -- Need M
    sCellToAddModList                          SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellConfig                       OPTIONAL,   -- Need N
    sCellToReleaseList                         SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellIndex                        OPTIONAL,   -- Need N
    ...,
    [[
    reportUplinkTxDirectCurrent                ENUMERATED {true}                                                   OPTIONAL    -- Cond BWP-Reconfig
    ]],
    [[
    bap-Address-r16                            BIT STRING (SIZE (10))                                                  OPTIONAL,   -- Need M
    bh-RLC-ChannelToAddModList-r16             SEQUENCE (SIZE(1..maxBH-RLC-ChannelID-r16)) OF BH-RLC-ChannelConfig-r16 OPTIONAL,   -- Need N
    bh-RLC-ChannelToReleaseList-r16            SEQUENCE (SIZE(1..maxBH-RLC-ChannelID-r16)) OF BH-RLC-ChannelID-r16     OPTIONAL,   -- Need N
    f1c-TransferPath-r16                       ENUMERATED {lte, nr, both}                                              OPTIONAL,   -- Need M
    simultaneousTCI-UpdateList1-r16            SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    simultaneousTCI-UpdateList2-r16            SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    simultaneousSpatial-UpdatedList1-r16       SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    simultaneousSpatial-UpdatedList2-r16       SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    uplinkTxSwitchingOption-r16                ENUMERATED {switchedUL, dualUL}                                         OPTIONAL,   -- Need R
    uplinkTxSwitchingPowerBoosting-r16         ENUMERATED {enabled}                                                    OPTIONAL    -- Need R
    ]],
    [[
    reportUplinkTxDirectCurrentTwoCarrier-r16  ENUMERATED {true}                                                       OPTIONAL    -- Need N
    ]],
    [[
    f1c-TransferPathNRDC-r17                   ENUMERATED {mcg, scg, both}                                             OPTIONAL,   -- Need M
    uplinkTxSwitching-2T-Mode-r17              ENUMERATED {enabled}                                                    OPTIONAL,   -- Cond 2Tx
    uplinkTxSwitching-DualUL-TxState-r17       ENUMERATED {oneT, twoT}                                                 OPTIONAL,   -- Cond 2Tx
    uu-RelayRLC-ChannelToAddModList-r17        SEQUENCE (SIZE(1..maxUu-RelayRLC-ChannelID-r17)) OF Uu-RelayRLC-ChannelConfig-r17
                                                                                                                       OPTIONAL,   -- Need N
    uu-RelayRLC-ChannelToReleaseList-r17       SEQUENCE (SIZE(1..maxUu-RelayRLC-ChannelID-r17)) OF Uu-RelayRLC-ChannelID-r17
                                                                                                                       OPTIONAL,   -- Need N
    simultaneousU-TCI-UpdateList1-r17          SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    simultaneousU-TCI-UpdateList2-r17          SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    simultaneousU-TCI-UpdateList3-r17          SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    simultaneousU-TCI-UpdateList4-r17          SEQUENCE (SIZE (1..maxNrofServingCellsTCI-r16)) OF ServCellIndex        OPTIONAL,   -- Need R
    rlc-BearerToReleaseListExt-r17             SEQUENCE (SIZE(1..maxLC-ID)) OF LogicalChannelIdentityExt-r17           OPTIONAL,   -- Need N
    iab-ResourceConfigToAddModList-r17  SEQUENCE (SIZE(1..maxNrofIABResourceConfig-r17)) OF IAB-ResourceConfig-r17   OPTIONAL, -- Need N
    iab-ResourceConfigToReleaseList-r17 SEQUENCE (SIZE(1..maxNrofIABResourceConfig-r17)) OF IAB-ResourceConfigID-r17 OPTIONAL  -- Need N
    ]],
    [[
    reportUplinkTxDirectCurrentMoreCarrier-r17 ReportUplinkTxDirectCurrentMoreCarrier-r17                            OPTIONAL  -- Need N
]]
}
· inter-DU LTM cell switch
In case of inter-DU LTM cell switch, we understand all the IEs in CellGroupConfig IE should be allowed to configure in LTM candidate cell configuration, MAC entity/RLC entities/physical configuration for each cell need to be configured for target DU. Considering that, the network should configure CellGroupConfig IE for each LTM candidate cell in LTM candidate cell configuration as legacy CellGroupConfig configuration, and the UE will apply the CellGroupConfig configuration as legacy CellGroupConfig configuration application.
Observation 4: For inter-DU LTM cell switch, each field included in CellGroupConfig IE is allowed to be configured and applied as in legacy L3 handover.
· intra-DU LTM cell switch
Firstly, before discussing the IE in the CellGroupConfig which is needed for intra-DU, we could discuss the aim of the benefit we want to reach.
As the WID [2] specified in the justification, the aim of the LTM is to reduce the latency and interruption time, one element that lead in the latency and interruption time is L2(or L1) reset. 
	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.


Considering the inter-DU case, the L2 reset i.e. MAC reset/RLC reestablishment couldn’t be omitted. For intra-DU case, RAN2 should try best to minimize the impact introduced by L2 (and L1) resets.
Observation 5: For intra-DU case, RAN2 should try best to minimize the impact introduced by L2 (and L1) resets.
In order to further consider and analyze the CellGroupConfig IE for intra-DU case, we have classified these IEs in CellGroupConfig IE with different color (see above), including:
· yellow: IEs which could be unchanged for intra-DU LTM cell switch case
· green: IEs which needs to be further check for intra-DU LTM cell switch case
· blue: IEs which should be changed for intra-DU LTM cell switch case
For intra-DU LTM cell switch, considering that the MAC entity/RLC entities are not needed to be changed, UE will not need to perform MAC reset, RLC reestablishment and PDCP data recovery, the related IEs (e.g. rlc-BearerToAddModList / rlc-BearerToReleaseList/ mac-CellGroupConfig ) in CellGroupConfig IE could be unchanged when LTM cell switch execution. 
Proposal 5: The following fields are not necessary to be updated due to LTM cell switch for intra-DU case 
· rlc-BearerToAddModList
· rlc-BearerToReleaseList
· mac-CellGroupConfig
For the other yellow highlighted parameters except for rlc-BearerToAddModList, rlc-BearerToReleaseList and mac-CellGroupConfig, some parameters (e.g. cellGroupId) could be unchanged; the other parameters which are introduced by some special features (e.g. IAB) could also be unchanged even not be supported.
As for the green highlighted parameters, take physicalCellGroupConfig as example, it is applicable for all cells within the cell group, most of the parameters could be unchanged due to the same DU. However within the physicalCellGroupConfig, some parameters are configured with ServCellIndex e.g. pucch-sSCell which could be need to be changed as the serving cell index could change, but considering all the parameters are configured within one DU, including the candidate cell configuration, and the LTM execution decision is made by the same DU too, so it is feasible to configure the parameters with suitable values that could apply to all candidate cells. It also applies to the other parameters highlighted by green.
Proposal 6: RAN2 could assume that it is feasible for NW to configure the following fields with suitable values, so that no matter which candidate cell configuration is applied, these fields are no needed to be changed for intra-DU case.
- physicalCellGroupConfig
- simultaneousTCI-UpdateList1-r16/simultaneousTCI-UpdateList2-r16
[bookmark: _GoBack]- simultaneousSpatial-UpdatedList1-r16/simultaneousSpatial-UpdatedList2-r16
- simultaneousU-TCI-UpdateList1-r17/simultaneousU-TCI-UpdateList2-r17
- simultaneousU-TCI-UpdateList3-r17/simultaneousU-TCI-UpdateList4-r17
- reportUplinkTxDirectCurrentMoreCarrier-r17
As for these fields highlighted by blue, each of them is cell level configuration, so it may need to be changed at each LTM cell switch. 
For spCellConfig IE, it is needed for intra-DU case, but some parameters e.g. t304, rach-ConfigDedicated, etc. may need further discussion. But anyway the serving cell configuration for SpCell is needed to be updated for intra-DU case.
Proposal 7: SpCell configuration should be updated for intra-DU case, further discussion for each parameter within the spCellConfig is needed.
For sCellToAddModList and sCellToReleaseList IEs which are used to add/modify/release sCell, considering the aim for intra-DU case, the best benefit it could be reached is that no interruption introduced for the SCell which is not impacted, i.e. if only the SpCell and at least one SCell are performed cell changed, the other SCells which are kept to be active state could continue perform data transmission without interruption. 
Observation 6: The best benefit the intra-DU LTM can reach is that data transmission can be kept in the active SCells which are not changed during the LTM cell switch procedure.
In order to reach this aim, at least from the signaling perspective, the SCell which is kept unchanged should not be released and added. But considering subsequent LTM is supported, that is when NW pre-configures the candidate configuration, it couldn’t assume which cell is the serving cell when this candidate configuration is applied. One possible case is that the SpCell is one of the configured SCell, which may need to release the SCell and configured it to be SpCell. If the sCellToAddModList and sCellToReleaseList are included in the candidate configuration for intra-DU case, how to configure this two lists without impact other unchanged SCell will be difficult.  If the two lists are not configured in the candidate configuration, some indication may be needed in the LTM cell switch command to indicate the changed SCell configuration. RAN2 also can choose to include the two lists to ensure each SCell is different from the SpCell e.g. release all SCells and add the expected SCells which may introduce interruption on unchanged SCells.
If the aim is to reach the best benefit for intra-DU case, RAN2 should further discuss how to indicate the SCell configuration.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Propose 8: RAN2 needs to take the best benefit the intra-DU could reach, i.e. data transmission is kept in the active SCells which are not changed during the LTM cell switch procedure, into consideration for the LTM solution.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the previous analysis in section 2, our main contributions are summarized as follows:
On Analysis of IEs in RRCReconfiguration message:
Proposal 1: LTM procedure shouldn’t trigger the RB add/release/modify procedure (PDCP entity add/release/modify). If NW wants to indicate UE to perform RB add/release/modify, RRCReconfiguration message should be sent to UE.
Observation 1: It is feasible that the PDCP which needs to perform data recovery can be indicated implicitly, i.e. AM DRB which associated with RLC entity or entities that perform RLC release/re-establishment needs to perform PDCP data recovery.  
Proposal 2: RAN2 to confirm that the RadioBearerConfig IE is not required to be part of the LTM candidate cell configuration.
Observation 2: Frequencies needed to be measured could be pre-configured which doesn’t require the MeasConfig to be updated with LTM cell switch.
Observation 3: The gap/SMTC configuration which may need to be updated with LTM cell switch can be updated if UE can get the timing difference between source cell and target cell. It doesn’t need to be updated in RRCReconfiguration message after each LTM cell switch.
Proposal 3: RAN2 to confirm that the MeasConfig IE is not required to be part of the LTM candidate cell configuration.
Proposal 4: RAN2 to further discuss how to ensure the valid SMTC and gap configuration after each LTM cell switch.
On Analysis of IEs in CellGroupConfig IE:
Observation 4: For inter-DU LTM cell switch, each field included in CellGroupConfig IE is allowed to be configured and applied as in legacy L3 handover.
Observation 5: For intra-DU case, RAN2 should try best to minimize the impact introduced by L2 (and L1) resets.
Proposal 5: The following fields are not necessary to be updated due to LTM cell switch for intra-DU case
· rlc-BearerToAddModList
· rlc-BearerToReleaseList
· mac-CellGroupConfig
Proposal 6: RAN2 could assume that it is feasible for NW to configure the following fields with suitable values, so that no matter which candidate cell configuration is applied, these fields are no needed to be changed for intra-DU case.
- physicalCellGroupConfig
- simultaneousTCI-UpdateList1-r16/simultaneousTCI-UpdateList2-r16
- simultaneousSpatial-UpdatedList1-r16/simultaneousSpatial-UpdatedList2-r16
- simultaneousU-TCI-UpdateList1-r17/simultaneousU-TCI-UpdateList2-r17
- simultaneousU-TCI-UpdateList3-r17/simultaneousU-TCI-UpdateList4-r17
- reportUplinkTxDirectCurrentMoreCarrier-r17
Proposal 7: SpCell configuration should be updated for intra-DU case, further discussion for each parameter within the spCellConfig is needed.
Observation 6: The best benefit the intra-DU LTM can reach is that data transmission can be kept in the active SCells which are not changed during the LTM cell switch procedure.
Propose 8: RAN2 needs to take the best benefit the intra-DU could reach, i.e. data transmission is kept in the active SCells which are not changed during the LTM cell switch procedure, into consideration for the LTM solution.
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