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1. Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]This contribution will discuss potential issues on LTM in MAC specification and provide some solutions.
2. Discussion
Issue 1: RA resource determination
RAN2 agreed that "As in the current MAC running CR, RAN2 confirms that UE prioritizes/first to select RA resource of CFRA indicated by LTM cell switch MAC CE if any. Otherwise, UE selects RA resource of CFRA indicated by RRC if any" [1]. To implement this, in the RA resource selection process, the UE will select the SSB indicated by the LTM CSC MAC CE if included. 
According to RA resource determination process as following [2], the UE can use any RACH occasion(s) from the rach-ConfigDedicated:
	1>	else if an SSB is selected above:
2>	if the set of Random Access resources associated with Msg1 repetition is selected for this Random Access procedure:
3>	determine the next available set of PRACH occasions (as specified in TS 38.213 [6]) for the Msg1 repetition number applicable for this Random Access procedure corresponding to the selected SSB, permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, or ssb-SharedRO-MaskIndex if configured (the MAC entity shall select a set of PRACH occasions randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the selected SSB and selected Msg1 repetition number for this Random Access procedure; the MAC entity may take into account the possible occurrence of measurement gaps and MUSIM gaps when determining the next available set of PRACH occasions corresponding to the selected SSB).
2>	else:
3>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, or ssb-SharedRO-MaskIndex if configured, or indicated by PDCCH, or indicated by the LTM Cell Switch Command MAC CE (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps and MUSIM gaps when determining the next available PRACH occasion corresponding to the selected SSB).


For example, PRACH Mask Index 0 (i.e. all PRACH occasions of SSB are allowed) is configured by the RRC while PRACH Mask Index 1 (i.e. PRACH occasion index 1 of SSB is allowed) is indicated in the LTM CSC MAC CE. In this case, CFRA resources indicated by the LTM CSC MAC CE are a subset of RACH occasion(s) from the rach-ConfigDedicated. All PRACH occasions of the selected SSB is allowed for the next available PRACH occasion if the existing procedure is applied. However, only PRACH occasion index 1 of the selected SSB is prioritized for the next available PRACH occasion, as indicated by the LTM Cell Switch Command, if RAN2 agreement applies. It means that above agreement is not implemented according to current MAC specification.
Observation 1: The UE is allowed to use PRACH occasion referring to RRC configuration even if PRACH Mask index is included in LTM CSC MAC CE according to the existing RA resource determination process in MAC specification, i.e. RAN2 agreement is not implemented.
To implement RAN2 agreement in the MAC specification, the MAC entity should first determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions indicated by the LTM Cell Switch Command MAC CE, if indicated. If the PRACH Mask index is not indicated by the MAC CE, the MAC entity can determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the rach-ConfigDedicated.
Proposal 1: To modify MAC specification according to RAN2 agreement:
· the MAC entity determines the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions indicated by the LTM Cell Switch Command MAC CE, if indicated;
· otherwise, the MAC entity determines the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions by the ra-ssb-OccasionMaskIndex if configured, or ssb-SharedRO-MaskIndex if configured.
One potential TP is shown as below:
	1>	else if an SSB is selected above:
2>	if the set of Random Access resources associated with Msg1 repetition is selected for this Random Access procedure:
3>	determine the next available set of PRACH occasions (as specified in TS 38.213 [6]) for the Msg1 repetition number applicable for this Random Access procedure corresponding to the selected SSB, permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, or ssb-SharedRO-MaskIndex if configured (the MAC entity shall select a set of PRACH occasions randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the selected SSB and selected Msg1 repetition number for this Random Access procedure; the MAC entity may take into account the possible occurrence of measurement gaps and MUSIM gaps when determining the next available set of PRACH occasions corresponding to the selected SSB).
2>	else if PRACH Mask index is indicated by the LTM Cell Switch Command MAC CE:
3>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, or ssb-SharedRO-MaskIndex if configured, or indicated by PDCCH, or indicated by the LTM Cell Switch Command MAC CE (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps and MUSIM gaps when determining the next available PRACH occasion corresponding to the selected SSB).
2>	else:
3>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, or ssb-SharedRO-MaskIndex if configured, or indicated by PDCCH (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps and MUSIM gaps when determining the next available PRACH occasion corresponding to the selected SSB).
1>	else if a CSI-RS is selected above:



Issue 2: 4-step CFRA resource or 2-step CFRA resource in LTM CSC MAC CE
According to exiting MAC specification [2], the description of PRACH Mask index field in the MAC CE is shown as below:
	-	PRACH Mask index: This field indicates the RACH occasion(s) associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission of the contention-free Random Access Resources. It indicates a subset of RACH occasion(s) from the rach-ConfigDedicated for the UL carrier (indicated by S/U field), if provided; otherwise it indicates a subset of RACH occasion(s) from the rach-ConfigCommon for the UL carrier (indicated by S/U field) in the UL BWP configuration of firstActiveUplinkBWP-Id as specified in TS 38.331 [5]. The length of the field is 4 bits;


One from two sets of RACH occasions for CFRA resources can be indicated by the LTM cell switch MA C CE. If the IE RACH-ConfigDedicated is not provided, the RACH occasions from the rach-ConfigCommon can be used for CFRA initiated by LTM cell switch, which provides 4-step RA resources. 
However, based on ASN.1 [3] of the IE RACH-ConfigDedicated, either 2-step CFRA resources or 4-step CFRA resources can be provided by rach-ConfigDedicated for the corresponding UL carrier.
	[bookmark: _Toc60777334][bookmark: _Toc156130537]–	RACH-ConfigDedicated
The IE RACH-ConfigDedicated is used to specify the dedicated random access parameters.
RACH-ConfigDedicated information element
-- ASN1START
-- TAG-RACH-CONFIGDEDICATED-START


RACH-ConfigDedicated ::=        SEQUENCE {
    cfra                            CFRA                                                                    OPTIONAL, -- Need S
    ra-Prioritization               RA-Prioritization                                                       OPTIONAL, -- Need N
    ...,
    [[
    ra-PrioritizationTwoStep-r16    RA-Prioritization                                                       OPTIONAL, -- Need N
    cfra-TwoStep-r16                CFRA-TwoStep-r16                                                        OPTIONAL  -- Need S
    ]]
}

CFRA ::=                    SEQUENCE {
    occasions                       SEQUENCE {
        rach-ConfigGeneric              RACH-ConfigGeneric,
        ssb-perRACH-Occasion            ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
                                                                                                            OPTIONAL  -- Cond Mandatory
    }                                                                                                       OPTIONAL, -- Need S
    resources                       CHOICE {
        ssb                             SEQUENCE {
            ssb-ResourceList                SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
            ra-ssb-OccasionMaskIndex        INTEGER (0..15)
        },
        csirs                           SEQUENCE {
            csirs-ResourceList              SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
            rsrp-ThresholdCSI-RS            RSRP-Range
        }
    },
    ...,
    [[
    totalNumberOfRA-Preambles INTEGER (1..63)                                                             OPTIONAL -- Cond Occasions
    ]],
    [[
    msg1-RepetitionNum-r18          ENUMERATED {n2, n4, n8}                                               OPTIONAL -- Cond 4StepCFRArep
    ]]
}

CFRA-TwoStep-r16 ::=                    SEQUENCE {
    occasionsTwoStepRA-r16                  SEQUENCE {
        rach-ConfigGenericTwoStepRA-r16         RACH-ConfigGenericTwoStepRA-r16,
        ssb-PerRACH-OccasionTwoStepRA-r16       ENUMERATED {oneEighth, oneFourth, oneHalf, one,
                                                            two, four, eight, sixteen}
    }                                                                                                     OPTIONAL, -- Need S
    msgA-CFRA-PUSCH-r16                     MsgA-PUSCH-Resource-r16,
    msgA-TransMax-r16                       ENUMERATED {n1, n2, n4, n6, n8, n10, n20, n50, n100, n200}    OPTIONAL, -- Need S
    resourcesTwoStep-r16                    SEQUENCE {
        ssb-ResourceList                        SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
        ra-ssb-OccasionMaskIndex                INTEGER (0..15)
    },
    ...
}

CFRA-SSB-Resource ::=           SEQUENCE {
    ssb                             SSB-Index,
    ra-PreambleIndex                INTEGER (0..63),
    ...,
    [[
    msgA-PUSCH-Resource-Index-r16   INTEGER (0..3071)     OPTIONAL  -- Cond 2StepCFRA
    ]]

}

CFRA-CSIRS-Resource ::=         SEQUENCE {
    csi-RS                          CSI-RS-Index,
    ra-OccasionList                 SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
    ra-PreambleIndex                INTEGER (0..63),
    ...
}

-- TAG-RACH-CONFIGDEDICATED-STOP
-- ASN1STOP


It seems to violate the previous RAN2 agreement [1], i.e. RAN2 does not support the 2-step RACH CFRA information in the LTM MAC CE. According to current MAC specification, if the IE RACH-ConfigDedicated is provided, the RACH occasions from the rach-ConfigDedicated can be used for CFRA initiated by LTM cell switch, which provides either 2-step RA or 4-step RA resources.
Observation 2: Either 2-step or 4-step CFRA resources from rach-ConfigDedicated can be indicated by the LTM CSC MAC CE according to the existing MAC specification, i.e. RAN2 agreement is not implemented.
There are two methods to implement this RAN2 agreement. One is to add a NOTE, which explains that only 4-step CFRA information is explicitly provided by the LTM CSC MAC CE. More specifically, RA type for CFRA resources from is specified for the field description of PRACH Mask index. 
Proposal 2: Select one from the following options to implement RAN2 agreement:
· Option 1: Add a NOTE: only 4-step CFRA information is explicitly provided by the MAC CE;
· Option 2: PRACH Mask index field indicates a subset of RACH occasion(s) for 4-step CFRA from the rach-ConfigDedicated for the UL carrier (indicated by S/U field)

Issue 3: misalignment with TS 38.300 on RA type determination 
[bookmark: _GoBack]In TS38.300 [4], it captures that the UE performs random access with 2-step RA type when CFRA resources for 2-step RA type are configured
	[bookmark: _Toc155991484]9.2.6	Random Access Procedure
The random access procedure is triggered by a number of events:
-	Initial access from RRC_IDLE;
-	RRC Connection Re-establishment procedure;
-	DL or UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure (see clause 18.0) is ongoing, when UL synchronisation status is "non-synchronised";
-	UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure is ongoing, when there are no PUCCH resources for SR available;
-	Handover;
-	SR failure;
-	Explicit request by RRC upon synchronous reconfiguration;
-	RRC Connection Resume procedure from RRC_INACTIVE;
-	To establish time alignment for a primary or a secondary TAG;
-	Request for Other SI (see clause 7.3);
-	Beam failure recovery;
-	Consistent UL LBT failure on SpCell;
-	SDT in RRC_INACTIVE (see clause 18);
-	Positioning purpose during RRC_CONNECTED requiring random access procedure, e.g., when timing advance is needed for UE positioning;
-	Early UL synchronization with an LTM candidate cell;
-	RACH-based LTM cell switch.
Two types of random access procedure are supported: 4-step RA type with MSG1 and 2-step RA type with MSGA. Both types of RA procedure support contention-based random access (CBRA) and contention-free random access (CFRA) as shown on Figure 9.2.6-1 below.
The UE selects the type of random access at initiation of the random access procedure based on network configuration:
-	when CFRA resources are not configured, an RSRP threshold is used by the UE to select between 2-step RA type and 4-step RA type;
-	when CFRA resources for 4-step RA type are configured, UE performs random access with 4-step RA type;
-	when CFRA resources for 2-step RA type are configured, UE performs random access with 2-step RA type.
The network does not configure CFRA resources for 4-step and 2-step RA types at the same time for a Bandwidth Part (BWP). CFRA with 2-step RA type is only supported for handover.


However, in MAC specification [2], 4-step RA is performed if the Random Access is initiated by LTM cell switch but no CFRA resource is explicitly indicated by the LTM CSC MAC CE, regardless of whether 2-step CFRA resources are explicitly provided in rach-ConfigDedicated.
	When the Random Access procedure is initiated on a Serving Cell or for an LTM candidate cell, the MAC entity shall:
1>	flush the Msg3 buffer;
1>	flush the MSGA buffer;
1>	set the PREAMBLE_TRANSMISSION_COUNTER to 1;
1>	if the Random Access procedure is initiated on a Serving Cell; or
1>	if the Random Access procedure is initiated by the PDCCH order for an LTM candidate cell and the PDCCH order indicates preamble initial transmission; or
1>	if the Random Access procedure is initiated by the PDCCH order for an LTM candidate cell, which is different from the LTM candidate cell to perform the last Random Access Preamble transmission initiated by the PDCCH order for an LTM candidate cell, and the PDCCH order indicates preamble re-transmission:
2>	set the PREAMBLE_POWER_RAMPING_COUNTER to 1;
1>	set the PREAMBLE_BACKOFF to 0 ms;
1>	set POWER_OFFSET_2STEP_RA to 0 dB;
1>	if the carrier to use for the Random Access procedure is explicitly signalled:
2>	select the signalled carrier for performing Random Access procedure;
2>	set the PCMAX to PCMAX,f,c of the signalled carrier.
1>	else if the carrier to use for the Random Access procedure is not explicitly signalled; and
1>	if the Serving Cell for the Random Access procedure is configured with supplementary uplink as specified in TS 38.331 [5]; and
1>	if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL:
2>	select the SUL carrier for performing Random Access procedure;
2>	set the PCMAX to PCMAX,f,c of the SUL carrier.
1>	else:
2>	select the NUL carrier for performing Random Access procedure;
2>	set the PCMAX to PCMAX,f,c of the NUL carrier.
NOTE 4:	Void.
1>	perform the BWP operation as specified in clause 5.15, except when the Random Access procedure is initiated by the PDCCH order for an LTM candidate cell;
1>	select the set of Random Access resources applicable to the current Random Access procedure according to clause 5.1.1b;
1>	if the Random Access procedure is initiated by PDCCH order and if the ra-PreambleIndex explicitly provided by PDCCH is not 0b000000; or
1>	if the Random Access procedure was initiated for SI request (as specified in TS 38.331 [5]) and the Random Access Resources for SI request have been explicitly provided by RRC; or
1>	if the Random Access procedure was initiated for SpCell beam failure recovery (as specified in clause 5.17) and if the contention-free Random Access Resources for beam failure recovery request for 4-step RA type have been explicitly provided by RRC for the BWP selected for Random Access procedure; or
1>	if the Random Access procedure was initiated for reconfiguration with sync and if the contention-free Random Access Resources for 4-step RA type have been explicitly provided in rach-ConfigDedicated for the BWP selected for Random Access procedure; or
1>	if the Random Access procedure was initiated for LTM cell switch and if the contention-free Random Access Resources have been explicitly provided in LTM Cell Switch Command MAC CE:
2>	set the RA_TYPE to 4-stepRA.
1>	else if the BWP selected for Random Access procedure is configured with both 2-step and 4-step RA type Random Access Resources within the selected set of Random Access resources (as specified in clause 5.1.1b) and the RSRP of the downlink pathloss reference is above msgA-RSRP-Threshold; or
1>	if the BWP selected for Random Access procedure is only configured with 2-step RA type Random Access resources within the selected set of Random Access resources according to clause 5.1.1b; or
1>	if the Random Access procedure was initiated for reconfiguration with sync and if the contention-free Random Access Resources for 2-step RA type have been explicitly provided in rach-ConfigDedicated for the BWP selected for Random Access procedure:
2>	set the RA_TYPE to 2-stepRA.
1>	else:
2>	set the RA_TYPE to 4-stepRA.
1>	perform initialization of variables specific to Random Access type as specified in clause 5.1.1a;
1>	if RA_TYPE is set to 2-stepRA:
2>	perform the Random Access Resource selection procedure for 2-step RA type (see clause 5.1.2a).
1>	else:
2>	perform the Random Access Resource selection procedure (see clause 5.1.2).


It means that according to MAC specification, 4-step RA is performed if the Random Access is initiated by the LTM cell switch but no CFRA resource is explicitly indicated by the LTM CSC MAC CE while 2-step CFRA resources is explicitly provided in the rach-ConfigDedicated. In this case, however, 2-step RA is performed if the rule in TS 38.300 applies. So, it incurs misalignment between MAC specification and stage-2 specification.
Observation 3: It incurs misalignment between MAC specification and stage-2 specification on RA type determination when the Random Access is initiated by the LTM cell switch but no CFRA resource is explicitly indicated by the LTM CSC MAC CE while 2-step CFRA resources is explicitly provided in the rach-ConfigDedicated.
Although RAN2 has no agreement on 2-step RA during LTM cell switch procedure, RAN2 agreed that the target cell is aware of the UE’s arrival based on the reception of preamble in CFRA and on the reception of Msg3/MsgA in CBRA in the RACH-based LTM, like the legacy HO. It assumes that 2-step RA is not supported in the RACH-based LTM. If we follow this, MAC specification requires no modification, but the rule of RA type determination in stage-2 specification or field description in RRC specification needs to be aligned with the MAC specification. Or, 2-step RA is supported in the RACH-based LTM. In this way, MAC specification needs to be aligned with the rule in TS 38.300.
Proposal 3: To discuss if 2-step RA is supported in the RACH-based LTM.
Proposal 3b: If 2-step RA is supported in the RACH-based LTM, RAN2 to align MAC specification with TS 38.300 regarding RA type determination. I.e. the UE performs random access with 2-step RA type, 
· if the Random Access procedure was initiated for LTM cell switch; 
· if the contention-free Random Access Resources are not explicitly provided in LTM Cell Switch Command MAC CE; and 
· if the contention-free Random Access Resources for 2-step RA type have been explicitly provided in rach-ConfigDedicated

Issue 4: TA value for UE based TA measurement
In case that TAC is included in LTM CSC MAC CE, the UE applies the TAC for the PTAG while the TAC in the LTM CSC MAC CE indicates the index value TA. Based on this, the UE can set and maintain value TA for any UL transmission after LTM execution. In case of successfully measured timing advance, the UE applies the measured TA, but it is not clear if the measured TA is the value of TA. We think that this issue needs to be clarified by the following change:
	1>	when an LTM Cell Switch Command MAC CE including a Timing Advance Command is received:
2>	apply the Timing Advance Command for the PTAG;
2>	start or restart the timeAlignmentTimer associated with the PTAG.
1>	when an LTM Cell Switch Command MAC CE is received and the UE has successfully measured the Timing Advance as in clause 5.18.35:
2>	set the NTA value (as defined in TS 38.211 [8]) to apply the measured Timing Advance for the PTAG;
2>	start or restart the timeAlignmentTimer associated with the PTAG.


Proposal 4: RAN2 to agree:
set the NTA value to the measured Timing Advance for the PTAG when an LTM Cell Switch Command MAC CE is received and the UE has successfully measured the Timing Advance.
3. Conclusion
[bookmark: OLE_LINK3]In this contribution, we have some discussions on potential issues to MAC specification and made the following observations and proposals:
Observation 1: The UE is allowed to use PRACH occasion referring to RRC configuration even if PRACH Mask index is included in LTM CSC MAC CE according to the existing RA resource determination process in MAC specification, i.e. RAN2 agreement is not implemented.
Proposal 1: To modify MAC specification according to RAN2 agreement:
· the MAC entity determines the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions indicated by the LTM Cell Switch Command MAC CE, if indicated;
· otherwise, the MAC entity determines the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions by the ra-ssb-OccasionMaskIndex if configured, or ssb-SharedRO-MaskIndex if configured.
Observation 2: Either 2-step or 4-step CFRA resources from rach-ConfigDedicated can be indicated by the LTM CSC MAC CE according to the existing MAC specification, i.e. RAN2 agreement is not implemented.
Proposal 2: Select one from the following options to implement RAN2 agreement:
· Option 1: Add a NOTE: only 4-step CFRA information is explicitly provided by the MAC CE;
· Option 2: PRACH Mask index field indicates a subset of RACH occasion(s) for 4-step CFRA from the rach-ConfigDedicated for the UL carrier (indicated by S/U field)
Observation 3: It incurs misalignment between MAC specification and stage-2 specification on RA type determination when the Random Access is initiated by the LTM cell switch but no CFRA resource is explicitly indicated by the LTM CSC MAC CE while 2-step CFRA resources is explicitly provided in the rach-ConfigDedicated.
Proposal 3: To discuss if 2-step RA is supported in the RACH-based LTM.
Proposal 3b: If 2-step RA is supported in the RACH-based LTM, RAN2 to align MAC specification with TS 38.300 regarding RA type determination. I.e. the UE performs random access with 2-step RA type, 
· if the Random Access procedure was initiated for LTM cell switch; 
· if the contention-free Random Access Resources are not explicitly provided in LTM Cell Switch Command MAC CE; and 
· if the contention-free Random Access Resources for 2-step RA type have been explicitly provided in rach-ConfigDedicated
Proposal 4: RAN2 to agree:
set the NTA value to the measured Timing Advance for the PTAG when an LTM Cell Switch Command MAC CE is received and the UE has successfully measured the Timing Advance.
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