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Introduction
[bookmark: _Ref178064866]The MAC specification is updated to support RACH-less LTM cell switch procedure, but we found two issues on the current MAC specification related to PUSCH transmission during RACH-less LTM cell switch. This contribution explains issues and proposes TPs.
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Issue 1: Initial new transmission for RACH-less LTM cell switch
For RACH-less LTM cell switch with configured grant, when cg-LTM-RetransmissionTimer is not configured, the UE should be allowed to transmit initial new transmission for RRC Reconfiguration Complete message, but retransmission for initial transmission using configured grant should not be allowed. However, the current MAC specification does not capture this behaviour correctly and the UE cannot perform initial new transmission for RRC Reconfiguration Complete message using the configured grant until PDCCH addressed to the MAC entity's C-RNTI is received during on-going RACH-less LTM cell switch procedure as shown in yellow highlight in the below box.
Observation 1. When cg-LTM-RetransmissionTimer is not configured, the UE cannot perform initial new transmission using configured grant unless PDCCH addressed to the MAC entity's C-RNTI is received during on-going RACH-less LTM cell switch procedure.
	Section: 5.4.1	UL Grant reception
For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	if the MAC entity is configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or the PUSCH duration of a MSGA payload for this Serving Cell; or
1>	if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
2>	if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured and cg-SDT-RetransmissionTimer is not configured, and cg-LTM-RetransmissionTimer is not configured, and cg-RACH-less-RetransmissionTimer is not configured (i.e. new transmission):
3>	if there is an on-going CG-SDT procedure and PDCCH addressed to the MAC entity's C-RNTI has been received; or
3>	if there is an on-going RACH-less LTM cell switch procedure and PDCCH addressed to the MAC entity's C-RNTI has been received; or
3>	if there is an on-going RACH-less handover procedure and PDCCH addressed to the MAC entity's C-RNTI has been received; or
3>	if there is no on-going CG-SDT nor on-going RACH-less LTM cell switch nor on-going RACH-less handover procedure:
4>	consider the NDI bit for the corresponding HARQ process to have been toggled;
4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.



It is not sure why this condition is needed for RACH-less LTM cell switch here. Given that using configured grant for RACH-less LTM cell switch is almost same as CG-SDT procedure, this condition may be simply copied from CG-SDT condition (i.e., green highlight in above box) without careful analysis. Actually, this condition for CG-SDT is needed to allow subsequent new transmissions for DRB configured with SDT after initial transmission confirmed, but unlike CG-SDT, subsequent new transmission for DRB is not needed during on-going RACH-less LTM cell switch after initial new transmission for RRC Reconfiguration Complete message. If subsequent new transmission for DRB is received after initial new transmission, on-going RACH-less LTM cell switch would be successfully completed, i.e., on-going RACH-less LTM cell switch would be completed after receiving the PDCCH for the MAC entity's C-RNTI for the downlink assignment for new transmission or the uplink grant for new transmission on the same HARQ process used for the first PUSCH transmission. That is, there should be no case to satisfy this condition during RACH-less LTM cell switch procedure. In our understanding, when cg-LTM-RetransmissionTimer is not configured, the only required condition is to make the UE transmit initial new transmission for RRC Reconfiguration Complete message using a configured grant after RACH-less LTM cell switch procedure initiated.
Observation 2. Subsequent new transmission for DRB is not needed during on-going RACH-less LTM cell switch procedure.
Observation 3. When cg-LTM-RetransmissionTimer is not configured, the only required condition is to transmit initial new transmission using a configured grant during on-going RACH-less LTM cell switch procedure.
Proposal 1. When cg-LTM-RetransmissionTimer is not configured, the configured grant is used only for the initial new transmission for RRC Reconfiguration Complete message during on-going RACH-less LTM cell switch procedure (TP is provided in the Annex).

We also found that when cg-RACH-less-RetransmissionTimer is not configured, RACH-less handover for NTN and mIAB has same problems. Thus, if the proposal 1 is agreed, wording for RACH-less handover for NTN and mIAB should be also fixed.
Observation 4. When cg-RACH-less-RetransmissionTimer is not configured, RACH-less handover for NTN and mIAB has same problems.
Proposal 2. If the proposal 1 is agreed, related part of RACH-less handover for NTN and mIAB is also fixed (TP is provided in the Annex).

Issue 2: Handling uplink grant during RACH-less LTM cell switch
	Section: 5.4.1	UL Grant reception
1>	if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity's C-RNTI or Temporary C-RNTI; or
<omitted>
2>	stop the cg-LTM-RetransmissionTimer for the corresponding HARQ process, if running.
2>	stop the cg-RACH-less-RetransmissionTimer for the corresponding HARQ process, if running.
2>	if there is an ongoing RACH-less handover procedure; and
2>	if the uplink grant has been received on the PDCCH for the MAC entity's C-RNTI after the first PUSCH transmission to the Serving Cell; and
2>	if the uplink grant is for a new transmission on the same HARQ process used for the first PUSCH transmission to the Serving Cell:
3>	indicate to upper layers the successful completion of RACH-less handover.
2>	deliver the uplink grant and the associated HARQ information to the HARQ entity;
2>	if there is an ongoing RACH-less LTM cell switch; and
2>	if the uplink grant has been received on the PDCCH for the MAC entity's C-RNTI after the first PUSCH transmission to the Serving Cell; and
2>	if the uplink grant is for a new transmission on the same HARQ process used for the first PUSCH transmission to the Serving Cell:
3>	consider the LTM cell switch to be successfully completed and indicate it to upper layers.



In Rel-18 LTM, either a configured grant or a dynamic grant can be used for the first PUSCH transmission during RACH-less LTM cell switch and the UE can determine whether on-going LTM cell switch to be successfully completed or not based on the uplink grant which is received on the PDCCH for the MAC entity's C-RNTI as shown in green highlight above. If the uplink grant is for a retransmission or new transmission on the HARQ process NOT used for the first PUSCH transmission, the UE does not consider the LTM cell switch to be successfully completed, but the received uplink grant with associated HARQ information is delivered to HARQ entity as highlight yellow above. Note that RAN2 added the condition of “on the same HARQ process used for the first PUSCH transmission” to determine whether on-going LTM cell switch to be successfully completed or not because the UE can receive an uplink grant for a retransmission or new transmission on the HARQ process NOT used for the first PUSCH transmission during on-gong RACH-less LTM cell switch procedure.
Observation 5. The UE can receive an uplink grant for a retransmission or new transmission on the HARQ process NOT used for the first PUSCH transmission during on-going RACH-less LTM cell switch procedure.

This means that even if RACH-less LTM cell switch is not successfully completed, this uplink grant would be processed and finally new transmission or retransmission for DRB can be performed on the HARQ process NOT used for the first PUSCH transmission. However, it is undesirable to allow retransmission or new transmission for DRB before completing RACH-less LTM cell switch. We think that if the UE receives an uplink grant which is not related to the first PUSCH transmission for RRC Reconfiguration Complete message, this uplink grant should be ignored and not be used for (re)transmission of DRB until on-going RACH-less LTM cell switch procedure is completed.
Observation 6. According to the current MAC specification, the UE can perform retransmission or new transmission for DRB on the HARQ process NOT used for the first PUSCH transmission even before on-going RACH-less LTM cell switch is completed.
Proposal 3. If the UE receives an uplink grant for a retransmission or new transmission on the HARQ process NOT used for the first PUSCH transmission during on-going RACH-less LTM cell switch, this uplink grant should be ignored and not be used for (re)transmission until on-going RACH-less LTM cell switch procedure is completed (TP is provided in the Annex).

[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Conclusion
Based on the above discussions, we present the following observations and proposals:
Observation 1. When cg-LTM-RetransmissionTimer is not configured, the UE cannot perform initial new transmission using configured grant unless PDCCH addressed to the MAC entity's C-RNTI is received during on-going RACH-less LTM cell switch procedure.
Observation 2. Subsequent new transmission for DRB is not needed during on-going RACH-less LTM cell switch procedure.
Observation 3. When cg-LTM-RetransmissionTimer is not configured, the only required condition is to transmit initial new transmission using a configured grant during on-going RACH-less LTM cell switch procedure.
Observation 4. When cg-RACH-less-RetransmissionTimer is not configured, RACH-less handover for NTN and mIAB has same problems.
Observation 5. The UE can receive an uplink grant for a retransmission or new transmission on the HARQ process NOT used for the first PUSCH transmission during on-going RACH-less LTM cell switch procedure.
Observation 6. According to the current MAC specification, the UE can perform retransmission or new transmission for DRB on the HARQ process NOT used for the first PUSCH transmission even before on-going RACH-less LTM cell switch is completed.

Proposal 1. When cg-LTM-RetransmissionTimer is not configured, the configured grant is used only for the initial new transmission for RRC Reconfiguration Complete message during on-going RACH-less LTM cell switch procedure (TP is provided in the Annex).
Proposal 2. If the proposal 1 is agreed, related part of RACH-less handover for NTN and mIAB is also fixed (TP is provided in the Annex).
Proposal 3. If the UE receives an uplink grant for a retransmission or new transmission on the HARQ process NOT used for the first PUSCH transmission during on-going RACH-less LTM cell switch, this uplink grant should be ignored and not be used for (re)transmission until on-going RACH-less LTM cell switch procedure is completed (TP is provided in the Annex).

Annex
TP for the proposal 1: 
	For each Serving Cell and each configured uplink grant, if configured and activated and available for use as specified in clause 5.8.2, the MAC entity shall:
1>	if the MAC entity is configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or the PUSCH duration of a MSGA payload for this Serving Cell; or
1>	if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
2>	if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured and cg-SDT-RetransmissionTimer is not configured, and cg-LTM-RetransmissionTimer is not configured, and cg-RACH-less-RetransmissionTimer is not configured (i.e. new transmission):
3>	if there is an on-going CG-SDT procedure and PDCCH addressed to the MAC entity's C-RNTI has been received; or
3>	if there is an on-going RACH-less LTM cell switch procedure and PDCCH addressed to the MAC entity's C-RNTI has been received the configured uplink grant is for the first PUSCH transmission at LTM cell switch (i.e., initial new transmission); or
3>	if there is an on-going RACH-less handover procedure and PDCCH addressed to the MAC entity's C-RNTI has been received; or
3>	if there is no on-going CG-SDT nor on-going RACH-less LTM cell switch nor on-going RACH-less handover procedure:
4>	consider the NDI bit for the corresponding HARQ process to have been toggled;
4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.



TP for the proposal 2: 
	For each Serving Cell and each configured uplink grant, if configured and activated and available for use as specified in clause 5.8.2, the MAC entity shall:
1>	if the MAC entity is configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or the PUSCH duration of a MSGA payload for this Serving Cell; or
1>	if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
2>	if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured and cg-SDT-RetransmissionTimer is not configured, and cg-LTM-RetransmissionTimer is not configured, and cg-RACH-less-RetransmissionTimer is not configured (i.e. new transmission):
3>	if there is an on-going CG-SDT procedure and PDCCH addressed to the MAC entity's C-RNTI has been received; or
3>	if there is an on-going RACH-less LTM cell switch procedure and PDCCH addressed to the MAC entity's C-RNTI has been received; or
3>	if there is an on-going RACH-less handover procedure and PDCCH addressed to the MAC entity's C-RNTI has been received the configured uplink grant is for the initial transmission of RACH-less handover (i.e., initial new transmission); or
3>	if there is no on-going CG-SDT nor on-going RACH-less LTM cell switch nor on-going RACH-less handover procedure:
4>	consider the NDI bit for the corresponding HARQ process to have been toggled;
4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.



TP for the proposal 3: 
	For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>	if the uplink grant was received in a Random Access Response (i.e. in a MAC RAR or a fallback RAR); or
2>	if the uplink grant was determined as specified in clause 5.1.2a for the transmission of the MSGA payload; or
2>	if the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery; or
2>	if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to clause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:
3>	if there is a MAC PDU in the MSGA buffer and the uplink grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload was selected; or
3>	if there is a MAC PDU in the MSGA buffer and the uplink grant was received in a fallbackRAR and this fallbackRAR successfully completed the Random Access procedure:
4>	obtain the MAC PDU to transmit from the MSGA buffer.
3>	else if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a fallbackRAR:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
3>	else if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a MAC RAR; or
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
4>	if the uplink grant size does not match with size of the obtained MAC PDU; and
4>	if the Random Access procedure was successfully completed upon receiving the uplink grant:
5>	indicate to the Multiplexing and assembly entity to include MAC subPDU(s) carrying MAC SDU from the obtained MAC PDU in the subsequent uplink transmission;
5>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity.
3>	else if this uplink grant is a configured grant configured with autonomousTx; and
3>	if the previous configured uplink grant, in the BWP, for this HARQ process was not prioritized; and
3>	if a MAC PDU had already been obtained for this HARQ process; and
3>	if the uplink grant size matches with size of the obtained MAC PDU; and
3>	if none of PUSCH transmission(s) of the obtained MAC PDU has been completely performed:
4>	consider the MAC PDU has been obtained.
3>	else if the MAC entity is not configured with lch-basedPrioritization; or
3>	if this uplink grant is a prioritized uplink grant:
4>	if there is no on-going RACH-less LTM cell switch procedure; or
4>	if there is an on-going RACH-less LTM cell switch procedure and if this uplink grant is for the first PUSCH transmission at LTM cell switch (i.e., initial new transmission):
54>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;
3>	if a MAC PDU to transmit has been obtained:
4>	if the uplink grant is not a configured grant configured with autonomousTx; or
4>	if the uplink grant is a prioritized uplink grant:
5>	deliver the MAC PDU and the uplink grant and the HARQ information of the TB to the identified HARQ process;
5>	instruct the identified HARQ process to trigger a new transmission;
5>	if the uplink grant is a configured uplink grant:
6>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers;
6>	start or restart the cg-RetransmissionTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
6>	if the configured uplink grant is for the initial transmission for CG-SDT with CCCH message:
7>	start or restart the cg-SDT-RetransmissionTimer, if configured, for the corresponding HARQ process when the transmission is performed.
6>	if the configured uplink grant is for the initial transmission at LTM cell switch:
7>	start or restart the cg-LTM-RetransmissionTimer, if configured, for the corresponding HARQ process when the transmission is performed.
6>	if the configured uplink grant is for the initial transmission of RACH-less handover:
7>	start or restart the cg-RACH-less-RetransmissionTimer, if configured, for the corresponding HARQ process when the transmission is performed.
5>	if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:
6>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
5>	if cg-RetransmissionTimer is configured for the identified HARQ process; and
5>	if the transmission is performed and LBT failure indication is received from lower layers:
6>	consider the identified HARQ process as pending.
3>	else:
4>	flush the HARQ buffer of the identified HARQ process.
2>	else (i.e. retransmission):
3>	if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty; or
3>	if the uplink grant is part of a bundle and if no MAC PDU has been obtained for this bundle; or
3>	if the uplink grant is part of a bundle of the configured uplink grant, and the PUSCH duration of the uplink grant overlaps with an uplink grant received in a Random Access Response (i.e. MAC RAR or fallbackRAR) or an uplink grant determined as specified in clause 5.1.2a for MSGA payload for this Serving Cell; or
3>	if the MAC entity is not configured with lch-basedPrioritization and this uplink grant is part of a bundle of the configured uplink grant, and the PUSCH duration of the uplink grant overlaps with a PUSCH duration of another uplink grant received on the PDCCH; or
3>	if the MAC entity is configured with lch-basedPrioritization and this uplink grant is not a prioritized uplink grant: or
3>	if there is an on-going RACH-less LTM cell switch procedure and this uplink grant is for a retransmission on the same HARQ process not used for the first PUSCH transmission to the Serving Cell:
4>	ignore the uplink grant.
3>	else:
4>	deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process;
4>	instruct the identified HARQ process to trigger a retransmission;
4>	if the uplink grant is addressed to CS-RNTI; or
4>	if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:
5>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
4>	if the uplink grant is a configured uplink grant:
5>	if the identified HARQ process is pending:
6>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers;
5>	start or restart the cg-RetransmissionTimer, if configured, for the corresponding HARQ process when the transmission is performed if LBT failure indication is not received from lower layers.
5>	if the configured uplink grant is for the retransmission of the initial transmission of the CG-SDT with CCCH message:
6>	start or restart the cg-SDT-RetransmissionTimer for the corresponding HARQ process when transmission is performed.
5>	if the configured uplink grant is for the retransmission of the initial transmission at LTM cell switch:
6>	start or restart the cg-LTM-RetransmissionTimer for the corresponding HARQ process when transmission is performed.
5>	if the configured uplink grant is for the retransmission of the initial transmission of RACH-less handover:
6>	start or restart the cg-RACH-less-RetransmissionTimer for the corresponding HARQ process when transmission is performed.
4>	if the identified HARQ process is pending and the transmission is performed and LBT failure indication is not received from lower layers:
5>	consider the identified HARQ process as not pending.






