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[bookmark: _Ref178064866]This contribution discusses open issues identified in MAC running CR to support LTM in Rel-18.
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BWP handling on PDCCH order RACH for early TA acquisition
	FFS any impact to clarify the BWP on candidate cell for PDCCH-order based PRACH for candidate cell (somehow pending on the RRC configuration design).


For the above FFS, the PDCCH order RACH can be indicated by the DCI format 1_0 including preamble index, UL/SUL indicator, SSB index, and PRACH Mask index, but BWP information is not included in the DCI format 1_0 and the network gives the UE a PDCCH order RACH only for a serving cell which has an active BWP. However, for early TA acquisition, the network can give the UE a PDCCH order RACH for a candidate cell, but the candidate cell is not a serving cell and there is no active BWP on a candidate cell. It is unclear which BWP is activated/used to transmit the preamble given by the PDCCH order RACH for early TA acquisition.
To resolve this ambiguity, there was a proposal to use BWP information in uplinkConfigCommon which includes the frequencyInfoUL and the initialUplinkBWP, i.e. the BWP-UplinkCommon IE. However, this information is included in the candidate cell configuration (i.e. RRCReconfiguration) and it requires to do early decoding of the candidate cell configuration (i.e. RRCReconfiguration). Considering the size of RRCReconfiguration of candidate cell, early decoding of the RRCReconfiguration for candidate cell before the cell switching command is not preferable and also early decoding is not mandatory requirement for a UE. 
Observation 1. If information in uplinkConfigCommon which includes the frequencyInfoUL and the initialUplinkBWP, i.e. the BWP-UplinkCommon IE, is used, early decoding of the candidate cell configuration (i.e. RRCReconfiguration) is required.

In addition, RAN1 already discussed related issues and made agreements to have a separate configuration from a candidate cell configuration for early TA acquisition including RACH resources and BWP as shown in the following table from the RAN1. Those are captured in the RRC running CR as well. Thus, RAN2 can decide the BWP in the EarlyUL-SyncConfig is activated to transmit the preamble given by the PDCCH order RACH for early TA acquisition.
Proposal 1. The BWP in the EarlyUL-SyncConfig is activated/used for transmit the preamble given by the PDCCH order RACH for early TA acquisition.
	RAN2 parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value Range
	Required for initial access or IDLE/INACTIVE

	ltm-EarlyUlSyncConfig-r18
	EarlyUlSyncConfig-r18
	new
	Configuration used by the UE to perform the early UL synchronization procedure.
	SEQUENCE { 
FrequencyInfoUL
BWP-genericParameters

rach-ConfigGeneric, 
ssb-perRACH-Occasion,
prach-RootSequenceIndex
}
	UE-specific

	EarlyUlSyncConfig-r18
	BWP-genericParameters
	new
	configure the common parameters of an uplink BWP of candidate cell
	BWP
	UE-specific

	BWP-genericParameters
	BWP 
	Existing
	Configure the common parameters of an uplink BWP of candidate cell
	SEQUENCE { 
locationAndBandwidth, 
subcarrierSpacing, 
cyclicPrefix
}
	UE-specific



After transmitting the preamble, the UE doesn’t need to wait RAR on the candidate cell and should get back to the source cell to continue data transmission/reception. This means that the UE can assume the PDCCH-order RACH is completed after transmitting the preamble to the network and the following box is captured in the MAC running CR. In this condition, next question is that the active BWP on the candidate cell should be kept or deactivated after preamble transmission by PDCCH order RACH for early TA acquisition.
	1>	instruct the physical layer to transmit the Random Access Preamble using the selected PRACH occasion, corresponding RA-RNTI (if available), PREAMBLE_INDEX, and PREAMBLE_RECEIVED_TARGET_POWER.
1>	if the Random Access Procedure is triggered by a PDCCH order for an LTM candidate cell:
2>	consider this Random Access procedure completed.


Observation 2. It is unclear whether to keep activating the BWP on the candidate cell after PDCCH-order RACH procedure for early TA acquisition or not.

Someone may think that the active BWP on the candidate cell for preamble transmission would be kept until a LTM cell switch MAC CE is received because the UE doesn’t know which candidate cell needs additional PDCCH order RACH. However, candidate cell configurations can be configured up to 8 and if PDCCH order RACH for early TA acquisition can be performed for multiple candidate cells, the UE may have unnecessary active BWP for preamble transmission on the candidate cell and this also consumes UE power unnecessarily.
Proposal 2. The active BWP on the candidate cell is deactivated after PDCCH-order RACH completed for early TA acquisition.

As per the MAC specification, the UE is allowed to do transmission/reception/monitoring/report on an active BWP. However, the BWP on the candidate cell during PDCCH order RACH for early TA acquisition is not required to do those behaviour and only RACH transmission would be needed. Thus, it is reasonable that the UE is only allowed to transmit on RACH on active BWP of a candidate cell during PDCCH order RACH for early TA acquisition.
Proposal 3. Only transmitting on RACH on active BWP of a candidate cell is allowed during PDCCH order RACH for early TA acquisition.
Proposal 4. The following TP is added in the section 5.15 of the MAC running CR, if proposal 1 through 3 are agreed.
	Text proposal:
For each LTM candidate cell, the BWP indicated in [EarlyUL-SyncConfig] (as specified in TS 38.331 [5]) is active when the Random Access procedure on an LTM candidate cell is initiated by a PDCCH order for early uplink synchronization. The BWP on an LTM candidate cell is deactivated upon Random Access procedure initiated by a PDCCH order for early uplink synchronization is completed. When a BWP is activated on an LTM candidate cell for early uplink synchronization, the MAC entity is allowed to only transmit Random Access Preamble on the BWP.



For the next FFS, the issue is how the UE knows the selected candidate cell for PDCCH order RACH and this information needs to be indicated to the physical layer. 
	FFS on the need to clarify the operation to select LTM candidate cell for PDCCH order triggered early RACH and also “instruct the physical layer to” on the selected LTM candidate cell in 5.1.3.



In our understanding, the following RAN1 agreement made in RAN1#114bis is sufficient for the above FFS, but small clarification for mapping between codepoint in PDCCH and candidate cells configured with EarlyUL-SyncConfig may be needed.
	RAN1 Agreement in RAN#114bis
The bit field codepoint ‘0’ of cell indicator field in PDCCH order indicates PRACH for current serving cell, the rest bit field codepoints are mapped to candidate cells configured with EarlyUlSyncConfig-r18.
· One-to-one mapping between bit field codepoint from 1 to C to candidate cell IDs in an ascending order


Observation 3. Clarification for mapping between codepoint in PDCCH and candidate cells configured with EarlyUL-SyncConfig may be needed.

MAC CE format
	FFS on whether the TAC field is mandatory (use FFF value to indicate that no valid TA) or optional (use 1 bit to indicate the presence).


The purpose of TAC field in the LTM cell switch MAC CE is same as TAC field in Absolute Timing Advance Command MAC CE. This is to indicate the index value used to control the amount of timing adjustment that the MAC entity has to apply in TS 38.213, i.e., it is to indicate one of RAN1 index which is specified in RAN1 specification. We are reluctant to use one of RAN1 index for special meaning in the RAN2 specification. In addition, using 1 bit to indicate the presence of TAC field is clearer and adding 1 bit more is not a big burden to LTM cell switch MAC CE. 
Proposal 5. Use 1 bit to indicate the presence of TAC field in the LTM MAC CE.

	FFS on the details for CFRA information in the LTM cell switch MAC CE: including the relationship between SS/PBCH index and TCI state ID, FFS on the Msg1 repetition number, and FFS additional info. FFS only 4-step CFRA is supported by this MAC CE indicated CFRA information (or 2-step CFRA also).


As shown yellow highlight in the below RAN2 agreement, all CFRA information in the LTM cell switch MAC CE is designed similar to those in the legacy PDCCH order triggered RACH (i.e., preamble index, UL/SUL indicator, SSB index, PRACH Mask index are included). On top of that, some companies proposed to also introduce 2-step CFRA information in the LTM cell switch MAC CE in the last RAN2 meeting since they think that 2-step CFRA is already possible for handover and the LTM cell switch is sort of handover.
P9: As to the CFRA resource related information in LTM MAC CE, it is the information similar to those in the legacy PDCCH order triggered RACH, including preamble index, UL/SUL indicator, SSB index, PRACH Mask index (FFS which config is referring to), and FFS on the Msg1 repetition number, and FFS additional info. 

However, the difference is that the PDCCH order RACH does not compare SSB threshold to select one SSB among SSBs and the UE shall use the indicated SSB by the PDDCH and initiates CFRA procedure with CFRA resources given by the PDCCH, whereas 2-step CFRA for handover shall compare SSB threshold to select one SSB among SSBs and if there is no SSB above threshold, the UE should select SSB for CBRA. In addition, considering that many SSBs (i.e., up to 64) can be configured for legacy 2-step CFRA for handover, it is also unclear how many SSBs for 2-step CFRA resource information should be included in the LTM cell switch MAC CE. Someone may argue that one SSB is enough for 2-step CFRA resource information in LTM cell switch MAC CE, but this increases the possibility of not satisfying SSB threshold and the LTM cell switch can be delayed compared to PDCCH order RACH because only one SSB for 2-step CFRA resource information would result in the SSB selected for CBRA. Thus, it is better to include only CFRA resource related information for the legacy PDCCH order RACH in the LTM cell switch MAC CE.
Proposal 6. 2-step CFRA information is not included in the LTM cell switch MAC CE.

PDCCH order CFRA does not support Msg1 repetition now. We think that same policy should be applied here. So, we prefer not to include Msg1 repetition in LTM cell switch MAC CE. 
Proposal 7. Msg1 repetition number is not included in the LTM cell switch MAC CE.

LTM with other features
There are some proposals to make LTM feature be co-existence with other features and the following FFSes were made during the email discussion. 
	FFS whether/how to consider the early RACH for LTM candidate cell co-existence with LBT.
FFS whether the LTM can work together with R18 MIMO (e.g. Whether/how to indicate the TAG ID for the TA value field)


We basically think that R18 LTM work should be finalized without considering co-existence with other features. There are already many open issues in LTM. In this condition, if RAN2 consider co-existence with other features, many unexpected issues may come to at least RAN2, possible other WGs. Especially, RAN1 impact should be avoided since their R18 work is already finalized and they will be busy for R18 maintenance and preparing R19. Thus, we prefer not to consider co-existence with other features for LTM. 
Proposal 8. Co-existence with other feature is not considered in R18 LTM. 

Nonetheless, if majority want to make R18 LTM work together with other feature, the following should be considered. For the co-existence with R18 MIMO, R18 MIMO introduces 2 TA operation within one serving cell, i.e., two TAG can be configured and managed within one serving cell. The above FFS is to clarify whether TAG ID for the TA value field in LTM cell switch MAC CE is needed or not. In our understanding, if two TAGs are configured, TAG ID should be included to indicate which TAG is associated with the TA value field in the LTM cell switch MAC CE to avoid ambiguity. 
Observation 4. If the LTM works together with R18 MIMO, TAG ID should be included to indicate which TAG is applicable for the TA value field in the LTM cell switch MAC CE.
Proposal 9. If the LTM can work together with R18 MIMO, TAG ID is included to indicate which TAG is associated with the TA value field in the LTM cell switch MAC CE. 

For the co-existence with LBT, we submitted our contribution to the last RAN2 meeting to elaborate our concerns on below FFS and present the way forward. However, this is not fully discussed in the offline discussion in the last meeting and it is not yet decided.
	FFS if UE transmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication if preamble transmission encounter the LBT failure.



As already agreed in RAN2, RACH procedure for early TA acquisition shares a same MAC entity with the legacy RACH procedure and one PREAMBLE_POWER_RAMPING_COUNTER is also shared. In this condition, legacy RACH procedure can be performed between PDCCH-ordered RACHs for early TA acquisition.
Observation 5. One MAC entity is used to perform both RACH procedure for early TA acquisition and legacy RACH procedure which share one PREAMBLE_POWER_RAMPING_COUNTER.

If the FFS above is agreed as is, our first concern is that unnecessary RACH failure for early TA acquisition can occur due to NO power ramping after LBT failure on the candidate cell. For example, as depicted in the below figure 1:
· When the UE receives PDCCH order RACH for the candidate cell 1, the UE initialize POWER_RAMP_COUNTER (i.e., POWER_RAMPING_COUNTER=1) and transmits initial preamble transmission on the candidate cell 1, but this preamble transmission is failed due to not enough transmission power. 
· When the UE receives another PDCCH-order RACH with retransmission indication for the candidate cell 1, the UE increase POWER_RAMP_COUNTER by 1 (i.e., POWER_RAMPING_COUNTER=2) and retransmits the preamble, but this preamble retransmission is failed due to LBT failure. 
· After that, the UE can initiate a legacy RACH procedure with initializing POWER_RAMP_COUNTER (i.e., POWER_RAMPING_COUNTER=1) on a serving cell and completes the RACH procedure without LBT failure.
· When the UE receives the PDCCH-order RACH with retransmission indication for the candidate cell 1, the UE does not initialize and increase POWER_RAMP_COUNTER (i.e., POWER_RAMPING_COUNTER=1) and retransmits the preamble, but this preamble transmission is failed due to NO power ramping. 


Figure 1
Observation 6. If the UE retransmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication after the last preamble transmission encounter the LBT failure, unnecessary RACH failure for early TA acquisition can happen due to no power ramping after LBT failure on a candidate cell which delays LTM preparation.

Another concern is that if the FFS above is agreed as it, the UE has to memorize LBT failure of the last preamble transmission on each candidate cell. More specifically, in the below figure 2, when the UE receives PDCCH-order RACH with retransmission indication for the candidate cell 1, the UE has to memorize solid arrow for determining power ramping for preamble retransmission and when the UE receives PDCCH-order RACH with retransmission indication for the candidate cell 2, the UE has to memorize the dotted arrow for determining power ramping for preamble retransmission. Considering up to 8 candidate cells configured, the UE may need to memorize the LBT failure status for up to 8 candidate cells.
Observation 7. If UE retransmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication after the last preamble transmission encounter the LBT failure, the UE has to memorize LBT failure of the last preamble transmission on each candidate cell. 



[bookmark: _GoBack]Figure 2
In addition, if there is a legacy RACH procedure and preamble retransmission is performed as in figure 2, the POWER_RAMPING_COUNTER is already increased (i.e., POWER_RAMPING_COUNTER=2) regardless of whether the last preamble transmission encounters LBT failure on the candidate cell or not. This means that even if the FFS above is agreed as is, anyway unnecessary power ramping cannot be avoided and the UE applies this increased power for preamble retransmission on the candidate cell even after LBT failure.
Observation 8. Even if the FFS is agreed as is, unnecessary power ramping cannot be avoided even after the last preamble transmission encounters LBT failure on the candidate cell.

Considering that preamble retransmission for early TA acquisition can be performed by another PDCCH order RACH with retransmission indication, we think that the time between initial preamble transmission and preamble retransmission for a specific candidate cell should be much longer than the legacy RACH procedure and the channel/busy status on a candidate cell may be changed a lot compared to the previous preamble transmission. With this in mind, we would like to emphasize that one step power ramping up may not be a problem even after the last preamble transmission encounters LBT failure on the candidate cell, but not power ramping up can be resulted in preamble retransmission failure as explained in the observation 6.
Observation 9. One step power ramping up may not be a problem even after the last preamble transmission encounters LBT failure on the candidate cell, but not power ramping up can be resulted in preamble retransmission failure which can increase LTM latency.

For these reasons, basically we doubt whether the current FFS is useful and helpful for LTM. Nevertheless, if majority companies still want to adopt this FFS, more specific condition should be added and discussed together to avoid problems explained in above observations. 
Proposal 10. If co-existence with LBT is supported, the UE transmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication if the last preamble transmission encounters the LBT failure and no RACH procedure is performed after the LBT failure of the last preamble transmission.

[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Conclusion
Based on the above discussions, we present the following observations and proposals:
Observation 1. If information in uplinkConfigCommon which includes the frequencyInfoUL and the initialUplinkBWP, i.e. the BWP-UplinkCommon IE, is used, early decoding of the candidate cell configuration (i.e. RRCReconfiguration) is required.
Observation 2. It is unclear whether to keep activating the BWP on the candidate cell after PDCCH-order RACH procedure for early TA acquisition or not.
Observation 3. Clarification for mapping between codepoint in PDCCH and candidate cells configured with EarlyUL-SyncConfig may be needed.
Observation 4. If the LTM works together with R18 MIMO, TAG ID should be included to indicate which TAG is applicable for the TA value field in the LTM cell switch MAC CE.
Observation 5. One MAC entity is used to perform both RACH procedure for early TA acquisition and legacy RACH procedure which share one PREAMBLE_POWER_RAMPING_COUNTER.
Observation 6. If the UE retransmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication after the last preamble transmission encounter the LBT failure, unnecessary RACH failure for early TA acquisition can happen due to no power ramping after LBT failure on a candidate cell which delays LTM preparation.
Observation 7. If UE retransmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication after the last preamble transmission encounter the LBT failure, the UE has to memorize LBT failure of the last preamble transmission on each candidate cell. 
Observation 8. Even if the FFS is agreed as is, unnecessary power ramping cannot be avoided even after the last preamble transmission encounters LBT failure on the candidate cell.
Observation 9. One step power ramping up may not be a problem even after the last preamble transmission encounters LBT failure on the candidate cell, but not power ramping up can be resulted in preamble retransmission failure which can increase LTM latency.

Proposal 1. The BWP in the EarlyUL-SyncConfig is activated/used for transmit the preamble given by the PDCCH order RACH for early TA acquisition.
Proposal 2. The active BWP on the candidate cell is deactivated after PDCCH-order RACH completed for early TA acquisition.
Proposal 3. Only transmitting on RACH on active BWP of a candidate cell is allowed during PDCCH order RACH for early TA acquisition.
Proposal 4. The following TP is added in the section 5.15 of the MAC running CR, if proposal 1 through 3 are agreed.
	Text proposal:
For each LTM candidate cell, the BWP indicated in [EarlyUL-SyncConfig] (as specified in TS 38.331 [5]) is active when the Random Access procedure on an LTM candidate cell is initiated by a PDCCH order for early uplink synchronization. The BWP on an LTM candidate cell is deactivated upon Random Access procedure initiated by a PDCCH order for early uplink synchronization is completed. When a BWP is activated on an LTM candidate cell for early uplink synchronization, the MAC entity is allowed to only transmit Random Access Preamble on the BWP.


Proposal 5. Use 1 bit to indicate the presence of TAC field in the LTM MAC CE.
Proposal 6. 2-step CFRA information is not included in the LTM cell switch MAC CE.
Proposal 7. Msg1 repetition number is not included in the LTM cell switch MAC CE.
Proposal 8. Co-existence with other feature is not considered in R18 LTM. 
Proposal 9. If the LTM can work together with R18 MIMO, TAG ID is included to indicate which TAG is associated with the TA value field in the LTM cell switch MAC CE. 
Proposal 10. If co-existence with LBT is supported, the UE transmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication if the last preamble transmission encounters the LBT failure and no RACH procedure is performed after the LBT failure of the last preamble transmission.
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