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[bookmark: _Ref165266342]Introduction
According to the recent RAN1/2/3 agreements as given in the Annex, the RACH-less solution is targeting at the early TA acquisition for the candidate cell before the cell switch. In this contribution, we provide our understandings on the remaining RAN2 issues regarding the RAN2 specification impacts by consolidating the RACH-less procedures in RAN1/2/3.
Discussion
MAC modelling for early-TA RACH procedure
	Editor’s note: FFS how to model the RACH for early TA acquisition of LTM candidate cell, i.e. shared RACH with Serving cell or one RACH for each LTM candidate cell.


As quoted above from the running MAC CR [1], the MAC modelling for the early-TA RACH procedure is unclear. We think that we could have the following Options:
· Option 1: The early-TA RACH procedure and the serving cell RACH share the same MAC entity.
· Option 2: The early-TA RACH procedure uses a different MAC entity.
Firstly, we think that Option 2 adds more complexity/cost for the UE implementation, as extra MAC entity would require extra buffers (e.g. increased HARQ buffer requirements) and state variables maintained at the UE side. Then Option 1 should be adopted to avoid adding too much implementation complexity at the UE.
Observation 1: The UE should not create new MAC entity for early-TA RACH procedure, to avoid the unnecessary UE complexity (e.g. increased HARQ buffer requirements)
For Option 1, we think that as the UE could have maximum two MAC entities (i.e. one for MCG and one for SCG), the specification needs to define which MAC entity the early-TA RACH procedure is associated with. Since the early-TA RACH procedure is triggered by the PDCCH-order, we think that the UE can use the MAC entity sending the PDCCH-order for the early-TA RACH procedure. As such the DU with the MAC entity sending the PDCCH-order for the early-TA RACH procedure can avoid parallel RACH procedures.
Proposal 1: The early-TA RACH procedure is associated with the MAC entity providing the PDCCH-order triggering the early-TA RACH procedure.
Proposal 2: As legacy, a MAC entity does not support parallel RACH procedures.

Early-TA RACH procedure
	[bookmark: _Toc131023377][bookmark: _Toc52796458][bookmark: _Toc52751996][bookmark: _Toc46490301][bookmark: _Toc37296175][bookmark: _Toc29239820]5.1.1	Random Access procedure initialization
The Random Access procedure described in this clause is initiated by a PDCCH order, by the MAC entity itself, or by RRC for the events in accordance with TS 38.300 [2]. There is only one Random Access procedure ongoing at any point in time in a MAC entity. The Random Access procedure on an SCell or an LTM candidate cell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000.


According to the MAC specification quoted above, the RACH procedure can be initialized by a PDCCH order. However according to the RAN1 agreements, the PDCCH order for RACH can indicate either the initial transmission of PRACH or the retransmission of PRACH. From our understanding, the initialization of RACH procedure should only be initialized by the PDCCH order indicating the initial transmission of PRACH.
Proposal 3: The early-TA RACH procedure is initialized when PDCCH order indicates a PRACH initial transmission.
CG-based RACH-less LTM
	[bookmark: _Toc131023422]5.8.2	Uplink
Editor’s note: FFS on more details of the MAC impact for this agreement “Configured grant can be used for RACH-less LTM, for the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell). FFS further optimization”.


According to the Type-1 CG configuration for the CG-based RACH-less LTM, once the UE transmits the first UL data (e.g. including the RRCReconfigurationComplete message) to the target cell, the UE is not able to resend the same data to the target cell. However, it is important to ensure the transmission reliability of the first UL data transmission. Otherwise, the handover failure rate will increase. 
In the CG-based MO-SDT procedure, the UE is able to retransmit the first UL data upon the expiry of the cg-SDT-RetransmissionTimer, so as to have more reliable transmission for the first UL data.
Thus we think that the cg-RetransmissionTimer can be reused to trigger the retransmission of the first UL data, as what we did for the CG-based MO-SDT procedure.
Observation 2: The current Type-1 CG configuration for the CG-based RACH-less LTM does not allow retransmission of the first UL data.
Proposal 4: The expiry of cg-RetransmissionTimer triggers the retransmission of the first UL data transmission to the target cell, as the legacy SDT procedure.

	Editor’s note: 
· For RACH-less LTM, the UE considers that LTM execution procedure is successfully completed when the UE determines that the network has successfully received its first UL data. 
· FFS on how the UE determines that the network has successfully received its first UL data.
· To add “- indicate to upper layers the successful completion of LTM cell swtich;”


Regarding the termination of the RACH-less LTM procedure, we could have the following two solutions:
· Option 1: C-RNTI PDCCH
· Option 2: Contention Resolution MAC CE
	38.321:
-	UE Contention Resolution Identity: This field contains the UL CCCH SDU. If the UL CCCH SDU is longer than 48 bits, this field contains the first 48 bits of the UL CCCH SDU.


For the CG-based RACH-less LTM, we think that it is simpler to use Option 1, as Option 2 would require more standard efforts to define the content of the Contention Resolution MAC CE (or a new MAC CE), since “UE Contention Resolution Identity” is created via the UL CCCH SDU, which is not used for the handover procedure for RRC_CONNECTED UE.
Proposal 5: For CG-based RACH-less LTM, the reception of the C-RNTI PDCCH terminates the CG-based RACH-less LTM.

DG-based RACH-less LTM
	38.321:
2>	else if the Serving Cell is SCell, and a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the MAC CE for BFR which contains beam failure recovery information of this Serving Cell; or
2>	if the SCell is deactivated as specified in clause 5.9:
3>	set BFI_COUNTER to 0;
3>	consider the Beam Failure Recovery procedure successfully completed and cancel all the triggered BFRs for this Serving Cell.




For the DG-based RACH-less LTM, we think that we can have an aligned solution (i.e. C-RNTI PDCCH) with the CG-based RACH-less LTM for terminating the LTM procedure. However, the gNB may send several C-RNTI PDCCH(s) indicating UL grants for the UE’s uplink transmission, so as to reduce the data transmission interruption during handover. Then, it is possible that the first UL data transmission may not be received by the gNB when the UE receives a second C-RNTI PDCCH. As the RRCReconfigurationComplete message is included in the first UL data transmission for handover, the loss of the RRCReconfigurationComplete message will cause handover failure. To avoid the loss of the first UL data transmission including RRCReconfigurationComplete message, we think that the solution (i.e. “a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received for the HARQ process”) for terminating the BFR procedure can be considered for terminating the DG-based RACH-less LTM.
Proposal 6: For DG-based RACH-less LTM, as BFR, if a C-RNTI PDCCH indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the first UL data transmission to the target cell, the DG-based RACH-less LTM is terminated.

Conclusion
According to the above analysis, we have the following observations and proposals.
Observation 1: The UE should not create new MAC entity for early-TA RACH procedure, to avoid the unnecessary UE complexity (e.g. increased HARQ buffer requirements)
Observation 2: The current Type-1 CG configuration for the CG-based RACH-less LTM does not allow retransmission of the first UL data.


Proposal 1: The early-TA RACH procedure is associated with the MAC entity providing the PDCCH-order triggering the early-TA RACH procedure.
Proposal 2: As legacy, a MAC entity does not support parallel RACH procedures.
Proposal 3: The early-TA RACH procedure is initialized when PDCCH order indicates a PRACH initial transmission.
Proposal 4: The expiry of cg-RetransmissionTimer triggers the retransmission of the first UL data transmission to the target cell, as the legacy SDT procedure.
Proposal 5: For CG-based RACH-less LTM, the reception of the C-RNTI PDCCH terminates the CG-based RACH-less LTM.
Proposal 6: For DG-based RACH-less LTM, as BFR, if a C-RNTI PDCCH indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the first UL data transmission to the target cell, the DG-based RACH-less LTM is terminated.

[bookmark: _Toc502437832]Reference
[1] R2-2306924, Huawei, HiSilicon, “38.321 running CR for introduction of NR further mobility enhancements”

1. Annex
1.1 RAN1 agreements for RACH-less LTM
The RAN1#111 meeting agreements regarding “Timing advance management to reduce latency” are quoted as follows:
	Agreement
On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
�   The PDCCH order is only triggered by source cell
�   FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
�   Note: any other RACH-based solutions are for discussion separately

Agreement (Made in RAN1#110b-e)
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)

Agreement
For PDCCH ordered RACH in LTM, at least the following enhancements are supported
·        Introduce indication of candidate cell and/or RO of candidate cell in DCI
·        configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order
·        FFS: whether/how to transmit RAR
 
Agreement
On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study
•       Alt 1: RAR is needed
•       Alt 2: RAR is not needed
-       Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command
•       Alt 3: whether RAR is needed can be configured

Agreement
·        TA updating (i.e. re-acquisition of TA) for candidate cell can be triggered by NW. 
·        same triggering mechanism reuse the initial TA acquisition, i.e., PDCCH order triggered RACH in a candidate cell




The RAN1#112 meeting agreements regarding “Timing advance management to reduce latency” are quoted as follows:
	Agreement
For Rel-18 LTM, Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell. 
Note: the detailed signalling is left to RAN2

Agreement
The PDCCH order from the source cell contains the indication of candidate cell.
§   The reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity

Agreement
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
u  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
Agreement 
•         For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported
Agreement
on whether UE should initiate re-transmit PRACH when reception of RAR is not configured/indicated, down select one from the following alternatives.
•         Alt 1: UE autonomous re-transmission of PRACH is not allowed (e.g., by setting the number of allowed PRACH transmission to the minimum value of PreambleTransMax=1)
•         Alt 2: UE autonomous Re-transmission of PRACH is allowed, 
·         The number of PRACH transmission will be defined e.g. set the times of RACH transmission to the minimum value of PreambleTransMax
Agreement
If reception of RAR is configured/indicated, RAR contains at least TA of candidate cell.
•         The maximum number of TA values memorized by UE is a UE capability
•         FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR 

Agreement
Whether RAR needs to be received is configured by RRC.

Agreement
study at least the following issues on PDCCH-order based PRACH for candidate cell that is not UL serving cell, i.e. without PUCCH/PUSCH configured
•        Whether gap between the DCI and PRACH longer than timeline defined in spec is needed
•        Any impact/interruption on UL Tx of serving CCs due to the PRACH Tx

Working Assumption
UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
•         Corresponding UE capability is to be introduced to support UE-based TA measurement
•         For a UE reports support of this capability, configuration of UE-based TA measurement is supported
•         FFS: other impacts on RAN1 spec

Agreement
For Rel-18 LTM, Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell. 
Note: the detailed signalling is left to RAN2

Agreement
The PDCCH order from the source cell contains the indication of candidate cell.
§   The reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity




The RAN1#112bis meeting agreements regarding “Timing advance management to reduce latency” are quoted as follows:
	B. Time gap between a PDCCH order and the corresponding PRACH transmission

RAN1 discussed the time gap between a PDCCH order and the corresponding PRACH transmission for LTM. RAN1 believes that this will require that the time gap is increased at least for the following scenario
· For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH or inter-frequency with the current serving cell
RAN1 relies on RAN4: 
· to verify the need for the above additional latency and, if so, the corresponding value is needed.
· to investigate any impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH
· to verify the need for any update is required to ΔBWPSwitching, ΔDelay if so, the corresponding values and whether UE capability is needed
Potential RAN1 spec update will be based on RAN4’s feedback.


C. RAN1 #112bis-e agreements


Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)


Agreement
· RRC parameter ss-PBCH-BlockPower for candidate cells is included in the LTM configuration.
· UE needs the parameter to (at least) perform RACH towards candidate cells
· Note: how to capture this parameter and RRC structure are up to RAN2


Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured, UE autonomous re-transmission of PRACH is not allowed, regardless of the configuration of PreambleTransMax.

Agreement
When reception of RAR is configured, support RAR is received from serving cell at least in intra-DU case. 

Agreement
When reception of RAR is configured, support RAR is received from serving cell in inter-DU case.
· FFS: RA response window related issues

Agreement 
For PDCCH ordered RACH mechanism in R18 LTM, when reception of RAR is configured, 
· the UE stores(remembers/maintains/handles) a TA for at least one candidate cell
· storing(remembering/maintaining/handling) corresponding TAs for more than one candidate cell is up to UE capability
· detailed number of candidate cell is up to UE capability 

Agreement
For PDCCH-order based PRACH for candidate cell study the following issues:
· whether/how prioritizations for transmission power reduction for a PRACH transmission to a LTM candidate cell is performed
· whether/how prioritizations for prioritization of a PARCH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission

Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured
· Whether power ramping is performed or not is determined from PDCCH order
· If power ramping is performed, 
· whether PRACH is an initial transmission or retransmission is explicitly indicated in PDCCH order (FFS exact indication mechanism)
· power ramping-up value is configured 
· else, the power should be determined by open-loop power control




RAN1#113 meeting agreements:
	Agreement
On the determination of the PRACH transmission power when reception of RAR is not configured, a 1-bit field in PDCCH order explicitly indicating initial transmission or retransmission of PRACH, FFS
-         UE will increase the power with the value of power ramping configuration if it is indicated as re-transmission, unless the max allowed power is achieved
-         whether/how to reset the counter

Agreement
·         For PDCCH-order based PRACH for candidate cell, If UE capability does not support simultaneous/parallel transmissions, when the PRACH transmission to a candidate cell other than current serving cell (including any interruption due to processing time to build the PRACH transmission, carrier or/and BWP switching time if any, UL or DL RF retuning time if any, additional preparation time (if any) happen to overlap over one or more symbols or have a time gap below a certain threshold (e.g., N symbols, FFS: the value of N) with following UL transmission to one of the serving cells
•      PRACH transmission 
•      PUCCH/PUSCH transmission carrying HARQ-ACK, SR, P/SP CSI, aperiodic CSI 
•      SRS transmission
•      Any other PUCCH/PUSCH transmission
·         Down-select the UE behavior in this case
•      Alt 1: Dropping rule is needed 
•      Alt 2: up to UE implementation



1.2 RAN2 agreements for RACH-less LTM
RAN2#121bis-e meeting agreements:
	From RAN2 perspective, to enable shared preamble resource among multiple UEs, it is beneficial that the information that identifies the allocated CFRA resource (i.e., SS/PBCH index, RACH occasion, and Random Access Preamble index) can be indicated in the PDCCH order (as legacy intra-cell PDCCH order). 
RRC RACH configuration for early TA acquisition (e.g., including whether RAR needs to be received) is specific per target cell and is signalled separately (separate IEs) from the candidate cell configuration (the part that need to be applied at cell switch).
R2 assumes that Early TA RACH option 3 (with RAR from candidate cell) is not needed in Rel-18.
With the assumption that the UE will skip RACH in the target cell if a TA value is given in the cell switch command: It is FFS if the following TA values can be given to the UE: 
- Value 0, 
- Value indicating that the UE shall apply the TA of one source cell. 



RAN2#122 meeting agreements:
	· Dynamic grant can be used for RACH-less LTM, for the first UL data transmission to the target cell:
- the UE monitors PDCCH for dynamic scheduling from the target cell, upon LTM cell switch. 
- upon cell switch decision, R2 assumes that the source DU informs the target DU about the selected beam, so that the target DU can start scheduling dynamic UL grant. 
· Configured grant can be used for RACH-less LTM, for the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell). FFS further optimization

For early TA acquisition for candidate Cells:
· For PDCCH ordered early TA acquisition without RAR, there is no need for UE to maintain the TA timer for candidate cell (i.e. it is NW implementation to determine the TA validity), TA is given in the cell switch MAC CE (when available in the network).
· RAN2 doesn’t see a need for a solution with RAR in for Rel-18.
· Observation: Without RAR (without UE maintaining TA), the UE will need to do RACH for link recovery and/or conditional (if supported), which is acceptable in Rel-18
· The UE determines to trigger RACH-less cell switch in MAC layer, if the LTM cell switch MAC CE provides the TA value (no RAR is assumed).





1.3 RAN3 agreements for RACH-less LTM
RAN3#119bis-e meeting agreements:
	RAN3 would like to provide the following feedback for RAN1’s question:
RAN1 respectfully asks RAN2 and RAN3 to check the feasibility and potential impact on specs of RAN2 and RAN3 of all options, i.e. with RAR (from serving or candidate cell) and without RAR, in the agreement described in section B.
From RAN3 perspective, all options are feasible. The potential impacts of the following options on specifications are being taken into consideration by RAN3.
· Case 1: with RAR and the RAR is received from the candidate cell
· RAN3 will not pursue any standardization work in Rel-18 considering other groups output of this option.

· [bookmark: OLE_LINK10][bookmark: OLE_LINK9][bookmark: OLE_LINK15]Case 2: with RAR and the RAR is received from the serving cell
· RAN3 will further discuss how to specify how the information required for the RAR transmission is signalled from the candidate DU to the source DU through the CU.

· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Case 3: without RAR
· For the RACH-less solution, RAN3 will further discuss how to specify how the TA value(s) is (are) transmitted from the candidate DU to the source DU through the CU.




RAN3#120 meeting agreements:
	· CU can request RACH resources for early TA acquisition together with the LTM candidate cell configuration to a Candidate DU in the UE Context Setup Request or UE Context Modification Request messages (for inter-DU LMT and intra-DU LTM respectively).
· If the Candidate DU accepts the RACH resource request for early TA acquisition, the Candidate DU responds the CU with RACH configuration in the UE Context Setup Response or UE Context Modification Response messages.



