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[bookmark: _Ref488331639]Introduction 
In RAN#94 meeting, WID [1] has been agreed to further study mobility enhancement, and one of the objectives is to study L1/L2 triggered mobility, which aiming to reduce the HO latency as well as interruption.

1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]
As captured in running CR, the overall procedure for LTM includes LTM preparation, early synchronization, LTM execution, and LTM completion steps. In this contribution, we further discuss the open issues related to general procedure for LTM.
[bookmark: _Ref178064866]Discussion
HO interruption time for L1/L2-based inter-cell mobility is defined as the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell [2]. 
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Figure 1: Components of Mobility Latency

Early synchronization
To reduce the latency caused by synchronization procedure, RAN1 has agreed to support early synchronization for TA acquisition of a candidate cell before cell switch command is received. PDCCH ordered-CFRA is performed for early synchronization to candidate cell(s) and whether RAR needs to be received is configured by RRC. RAN1 has also sent a LS to sync up the agreements with RAN2 and we will discuss the potential RAN2 impact in the following part.
  RAN1 Agreement
[bookmark: _Hlk130390168]For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement
· Note: Definition of candidate cells is up to RAN2
RAR reception is configured
For serving cells, maintenance of uplink time alignment relies on a TA timer that is associated with a TAG. UE starts/restarts the corresponding TA timer if TA is indicated by NW. For PDCCH ordered-RACH for candidate cell(s), RAR including TA information will be provided to UE if RAR reception is configured. As the TA value is associated to a candidate cell, how to store and maintain the TA should be studied.
· One way is to reuse TAG for TA indication and maintenance. Similar as serving cell TA maintenance, UE 	starts or restarts the timeAlignmentTimer associated with this TAG when a timing advance command is received in a random access response message for a candidate cell belonging to a TAG. In that way, TAG ID should be unique at least among serving cell(s) and candidate cells.
· Another way is to use separate way to maintain the TA for serving cell and candidate cell. For example, the received TA in early sync procedure is associated to the candidate cell directly. Upon LTM execution completion, UE needs re-associate the TA to the TAG indicated in candidate cell config if the candidate cell becomes to the serving cell.
During MAC partial reset discussion, numerous companies believe that TA maintenance can be continued upon reception of LTM cell switch command. To be simple and clear, a common way to indicate and maintain TA for both serving and candidate is preferred. 
[bookmark: _Toc131781572]TA timer associated with TAG is reused for candidate cell TA maintenance.
[bookmark: _Toc131781573]TAG ID is unified among serving cell(s) and candidate cell(s).
[bookmark: _Toc131781574]TA timer is started/restarted if timing advance command is received in a random access response message for a candidate cell belonging to a TAG.
As the RACH is performed towards a candidate cell, and UE is maintaining the connection with serving cell, monitoring RAR on candidate cell may cause additional data interruption. The RAR generated by candidate cell can be forwarded to UE through serving cell link. 
[bookmark: _Toc131781575]For PDCCH ordered-RACH to candidate cell(s), RAR is generated by candidate cell and delivered to UE by serving cell.
In addition to TA, legacy RAR also includes the fields to indicate TC-RNTI and UL grant. While the candidate cell configuration provided to UE already includes C-RNTI for the candidate cell, there is no necessary to provide redundant RNTI to UE. Regarding to UL grant of candidate cell, it is waste of resources to provide candidate cell resource before cell switch since UE will only perform data transmission with current serving cell instead of candidate cell. Thus, there is no need to include the field of UL grant (candidate cell) and TC-RNTI in RAR for the RACH triggered for early synchronization.
[bookmark: _Hlk130474009][bookmark: _Toc131781576][bookmark: _Hlk20927412]For RACH triggered by early synchronization, UL grant (candidate cell) and T-CRNTI is ignored in RAR. FFS whether to introduce new RAR format or reuse legacy Absolute Timing Advance Command MAC CE/Timing Advance Command MAC CE.
In conventional contention-free RACH procedure, UE declares the RACH completion by the reception of RAR with matched RAPID. Similar as legacy, RACH procedure which triggered by early sync is considered as successfully complete if RA response is received. Otherwise, the RACH procedure is declared as failed and UE will indicate a RACH problem to upper layer. Other than RACH towards to serving cell, early sync to candidate failure is not equivalent to poor radio link condition of serving cell connection. So, the serving cell connection should not be impacted due to early sync failure.
[bookmark: _Toc131781577]For RACH triggered for early synchronization, if RACH failure is declared, the MAC entity considers the RACH procedure is unsuccessfully completed without indicate upper layer.
RAR-skip is configured
RAN1 has also introduced RAR-skip based early synchronization, and it is still questionable on whether and how to support subsequent preamble transmission without RAR reception. 
· [bookmark: OLE_LINK20]Option1: PRACH re-transmission is not supported
In this case, UE only support one-shot preamble transmission based on PDCCH order. Upon the transmission of preamble transmission, UE consider the RACH procedure triggered by early sync is completed. And if preamble is not successful received, NW may trigger the PRACH transmission again by PDCCH order.
While there is one potential issue on power ramping for subsequent PRACH transmission in one shot PRACH transmission case. Legacy RACH procedure, UE ramps the transmission power of PRACH transmission based on the pre-configured PREAMBLE_POWER_RAMPING_STEP. If subsequent PRACH transmission relies on the PDCCH order, UE will always consider the PRACH transmission as initial transmission, i.e. the transmit power is determined by preambleReceivedTargetPower configured by RRC without ramp. To avoid the PRACH transmission failure due to low transmi power, further study is required on how UE determines the transmit power of subsequent PRACH triggered by PDCCH order, for example, inclusion of power info by DCI or support UE autonomous power ramping.
· Option 2: PRACH retransmission is supported
Another alternative is to support UE autonomous retransmission for PRACH. Since there is no RAR reception to inform UE whether the PRACH has been successfully transmitted, UE may rely on a pre-configured preamble transmission number to perform PRACH retransmission. In this case, UE may declare the RACH completion if PRACH transmission has reached preconfigured number.
The power ramping for subsequent PRACH transmission can follow legacy way, i.e., UE perform power ramping for subsequent PRACH transmission according to configured power ramping step. And considering preamble repetition does not introduce combination gain, UE autonomous PRACH retransmission may cause additional PRACH resource/power waste.
[bookmark: _Toc131781578]RAN2 further study whether to support UE autonomous retransmission of preamble if RAR-skip is configured.
UL synchronization upon reception of cell switch command 
Upon reception of LTM cell switch command, UE may perform synchronization procedure to target cell. In previous meeting, RAN2 agreed to support both RACH-based and RACH-less procedure for LTM. 
RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this.  

In R14 LTE RACH-LESS handover, rach-skip is explicit indicated in handover command to inform UE the TA info of the target cell. For LTM, UE can follow similar way to determine whether to perform RACH procedure towards target cell. For example, if TA of target cell is available, UE perform RACH-LESS LTM, otherwise, RACH-based LTM is perform. 
As LTM support UE to perform UL synchronization with target cell in either before and after cell switch command reception. To declare an available TA, we understand the following condition can be considered
· TA timer is still running for the target cell (TAG); or
If TA info is received before cell switch command reception through early sync procedure, UE can perform RACH-LESS LTM with pre-obtained TA to target cell.
· TA info is indicated in cell switch command;
[bookmark: _Toc131781579]For LTM, UE performs RACH-LESS LTM if the TA of target cell is available. Otherwise, RACH-based LTM is performed.
[bookmark: _Toc131781580]TA of target cell is considered as available if either of the following condition is fulfilled:
a) [bookmark: _Toc131781581]TA info is indicated in cell switch command;
b) [bookmark: _Toc131781582]TA timer is still running for the target cell (TAG).
For RACH-LESS LTM, it is assumed that UE does not need to trigger RACH to target cell upon reception of cell switch command. As agreed in last meeting, UE is required to indicate the arrival when it moves to the target cell. One issue is how UE obtains the UL grant for first UL transmission as an indication to complete handshake with target cell. In R14 LTE, if RACH-less HO is configured, the UE accesses the target cell via the uplink grant pre-allocated to the UE in the RRC message. If the UE does not receive the pre-allocated uplink grant in the RRC message from the source eNB, the UE monitors the PDCCH of the target cell for dynamic scheduling. 
In LTM, UL grant allocation can follow similar way as R14 RACH-Less HO. Both pre-configured and dynamic scheduled way can be supported. For example, the UL grant can be dynamically scheduled for intra-DU case. And for inter-DU scenario, the UL grant can be pre-configured in candidate cell configuration to avoid inter-DU interaction. That is, the UL grant for RACH-LESS LTM can be pre-configured in candidate cell configuration or dynamically scheduled.
[bookmark: _Toc131781583]For RACH-Less LTM, the UL grant for initial transmission to target cell is pre-configured in candidate cell configuration or dynamically scheduled.
LTM completion/failure handling
In traditional handover, UE sends an RRC reconfiguration complete message to target cell once UE successfully applied the target cell configuration. Similar indication is also required for LTM to inform target cell that UE has applied the corresponding configuration provided in candidate cell configuration. RAN2 agreed to introduce such indication for LTM as following in last meeting：
· UE arrival in the target cell need to be indicated (somehow)
For LTM, there are two possible alternatives for providing the success indication to target cell:
a.	reuses RRC reconfiguration complete message as LTM success indication 
b.	introduces new UL MAC CE as LTM success indication
Employing RRC message such like RRCReconfiugrationComplete for LTM success indication is similar as legacy L3 HO behaviour. For LTM procedure, a new MAC CE may be more proper for providing the LTM success indication, since the candidate cell configuration is agreed to be configured by at least a cellgroup IE instead of RRC reconfiguration IE, it is overkill to use a L3 message as response. And as a response of LTM cell switch command, i.e. MAC CE, an UL MAC CE is better matched.
Once UE receives cell switch command, UE should send the LTM success indication as the first UL message to target cell, which can be carried in the first UL message for RACH-Less LTM or in msg 3/A for RACH-based LTM.
[bookmark: _Toc131781584]Upon reception of cell switch command, UE sends LTM success indication as the first UL message to target cell, e.g. in the first UL message for RACH-Less LTM or in msg 3/A for RACH-based LTM. 
[bookmark: _Toc131781585]RAN2 further study on the LTM success indication message type, e.g. MAC CE or RRC message.
One more issue is how to declare the LTM completion or failure. For failure detection, it is agreed that LTM cell switch is supervised by a timer. The function of the timer is similar as legacy T304, UE may start the timer once cell switch command is received, and if LTM is not successfully completed during the timer running period, the LTM procedure is considered as failed. 
Existing T304 timer for handover failure declaration is maintained in RRC layer, and the start condition is the reception of HO command, i.e. reconfiguration with sync message. For LTM, one open issue is how to maintain the T304-like timer, i.e. maintain the timer in RRC layer or in MAC layer.
[bookmark: _Toc131781586]RAN2 to discuss on the maintenance of the T304-like timer, i.e. maintain the timer in MAC or RRC layer.
Furthermore, the condition for LTM completion should also be defined in RAN2. Regarding to RACH-based LTM, it is straightforward to rely on RACH success to declare LTM completion. For RACH-Less LTM, existing way can be followed, i.e., in R14, RACH-Less HO is considered as successfully completed if UE receives UE contention resolution MAC CE during T304 running. For RACH-Less LTM, cell switch can be considered as completed if a DL message for LTM success indication confirmation is received, e.g., contention resolution MAC CE as in R14 RACH-Less HO can be reused or RAN2 can further discuss which DL message is utilized for LTM success indication confirmation.
[bookmark: _Toc131781587]For RACH-based LTM, handover is considered as completed if RACH procedure is successfully completed.
[bookmark: _Toc131781588]For RACH-Less LTM, handover is considered as completed if a DL message for LTM success indication confirmation is received.

Conclusion
Based on the discussion in section 2 we have following observations:
Proposal 1	TA timer associated with TAG is reused for candidate cell TA maintenance.
Proposal 2	TAG ID is unified among serving cell(s) and candidate cell(s).
Proposal 3	TA timer is started/restarted if timing advance command is received in a random access response message for a candidate cell belonging to a TAG.
Proposal 4	For PDCCH ordered-RACH to candidate cell(s), RAR is generated by candidate cell and delivered to UE by serving cell.
Proposal 5	For RACH triggered by early synchronization, UL grant (candidate cell) and T-CRNTI is ignored in RAR. FFS whether to introduce new RAR format or reuse legacy Absolute Timing Advance Command MAC CE/Timing Advance Command MAC CE.
Proposal 6	For RACH triggered for early synchronization, if RACH failure is declared, the MAC entity considers the RACH procedure is unsuccessfully completed without indicate upper layer.
Proposal 7	RAN2 further study whether to support UE autonomous retransmission of preamble if RAR-skip is configured.
Proposal 8	For LTM, UE performs RACH-LESS LTM if the TA of target cell is available. Otherwise, RACH-based LTM is performed.
Proposal 9	TA of target cell is considered as available if either of the following condition is fulfilled:
a)	TA info is indicated in cell switch command;
b)	TA timer is still running for the target cell (TAG).
Proposal 10	For RACH-Less LTM, the UL grant for initial transmission to target cell is pre-configured in candidate cell configuration or dynamically scheduled.
Proposal 11	Upon reception of cell switch command, UE sends LTM success indication as the first UL message to target cell, e.g. in the first UL message for RACH-Less LTM or in msg 3/A for RACH-based LTM.
Proposal 12	RAN2 further study on the LTM success indication message type, e.g. MAC CE or RRC message.
Proposal 13	RAN2 to discuss on the maintenance of the T304-like timer, i.e. maintain the timer in MAC or RRC layer.
Proposal 14	For RACH-based LTM, handover is considered as completed if RACH procedure is successfully completed.
Proposal 15	For RACH-Less LTM, handover is considered as completed if a DL message for LTM success indication confirmation is received.
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