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In LTM, it is possible for UE to perform RACH towards a candidate cell and skip RACH procedure once a candidate is chosen as the target. In this way, UE can avoid long, uncertain interruption due to RACH, and start to be served by target cell as early as possible. This can be referred to a ‘RACH-less’ LTM. Such ‘early’ RACH towards candidate cells can be indicated by PDCCH order. RAN1 LS [1] provides more details for PDCCH-ordered RACH in LTM:
	B. PDCCH ordered RACH
Regarding the configuration/indication of RAR reception for PDCCH ordered-RACH, RAN1 achieved the following 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
· 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
 
As the feasibility of schemes included in the agreement above is related to the designs of RAN2 and RAN3, RAN 1 respectfully asks RAN2 and RAN3 to check the feasibility and potential impact on specs of RAN2 and RAN 3 of all options, i.e. with RAR (from serving or candidate cell) and without RAR, in this agreement.

Agreement
· For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported


In this contribution, we discuss further details of RACH-less LTM.
Discussion
RACH configurations
Per RAN1 agreement, for PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported (i.e., only CFRA is supported). To perform CFRA towards a candidate cell, UE needs to know the common configurations (i.e., cell-specific parameters in RACH-ConfigCommon IE) as well as dedicated configurations such as generic CFRA configurations, preamble index (different from 0b000000), SS/PBCH index, PRACH mask index, and so on.
Common configuration for RACH can be included in candidate configuration or provided as a separate configuration. The former allows us to reuse existing RRC signaling structure. The latter requires new signaling design but allows UE to skip decoding candidate configuration before cell switch. Our view is that UE may anyway need to decode candidate configurations for other reasons (e.g., L1 measurement RS), and RAN2 also agreed the following:
	In the RRC procedures, the candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration when the UE receives the LTM configuration (before the LTM cell switch). UE implementation can postpone that step to the reception of the LTM cell switch command. FFS Discuss early vs late compliance check. 


Therefore, we suggest that RACH common configuration be provided in each candidate configuration. 
Proposal 1:	For PDCCH-ordered RACH towards candidate cell(s), RACH common configurations are provided in candidate configurations.
Dedicated configurations can be provided in candidate configurations and in PDCCH-order (DCI). For parameters that do not require real-time decision, the configuration can be provided in candidate configuration (e.g., using RACH-ConfigDedicated). In contrast, parameters requiring real-time decision and should thus be included in PDCCH-order, otherwise the candidate cell needs to hold dedicated resources for a UE that may not even come. Such parameters may include:
· RA preamble index
· SSB index
· PRACH resource selection
· Index of candidate cell
The exact fields in PDCCH order can be discussed in RAN1. For example, we may reuse DCI format 1_0 for PDCCH order or define a new format.
Proposal 2:	For PDCCH-ordered RACH towards candidate cell(s), RACH dedicated configurations that do not require real-time decision are provided in candidate configurations, while dedicated configurations requiring real-time decision (e.g., RA preamble index, SSB index, PRACH resource selection, index of candidate cell) are provided in PDCCH order. The exact fields in PDCCH order can be discussed in RAN1.
Providing RACH configurations in candidate configuration implies that UE supporting early TA acquisition needs to decode candidate configurations before performing RACH towards a candidate cell.
Proposal 3:	UEs supporting early TA acquisition need to decode candidate configurations before performing RACH towards a candidate cell if some RACH configurations are provided in candidate configurations.
For inter-DU case, providing RACH configurations requires instant negotiation between DUs, so that source DU can compile the PDCCH order based on the configurations provided by candidate DU. We may send LS to RAN3 for them to study potential impacts.
Proposal 4:	Send LS to RAN3 on RACH configuration provisioning for inter-DU LTM.
RAR for PDCCH-ordered RACH 
1.1.1 PDCCH-ordered RACH without RAR
UE needs TA before starting UL transmission. In legacy PDCCH-ordered RACH (towards serving cell), the TA value is included in RAR. In LTM, if RAR is not sent, it is indeed possible to have the TA value of candidate cell is indicated in cell switch command.
Observation 1:	Providing TA in cell switch command does not delay UE’s first UL transmission.
However, the purpose of RAR is not just to carry TA information. In legacy RACH mechanism where RAR is sent, if UE does not receive RAR, it retransmits the preamble with power ramping to ensure that base station receives its preamble (and then responds with RAR). If we introduce a PDCCH-order RACH procedure in which UE needs not to receive RAR, there must be some mechanism for UE to retransmit preamble with increased power. For example, since only CFRA is supported (per RAN1 agreement), ra-PreambleIndex (different from 0b000000) should be provided, network is aware of whether preamble for a specific UE is received. Then network may send another PDCCH order indicating power ramping (a new format is required). The details of PDCCH order and power ramping are of RAN1 scope, from RAN2 perspective, we can simply say that PDCCH-ordered RACH without RAR can be supported if RAN1 comes up with a solution for UE to retransmit missed preamble with increased power.
Proposal 5:	If UE needs not to receive RAR in a PDCCH-order RACH for candidate cell, there should be a solution for UE to transmit missed preamble with increased power.
1.1.2 PDCCH-ordered RACH with RAR
If UE needs to receive RAR, we need to discuss if the RAR should be received from serving cell or candidate cell. 
· If UE receives RAR (for a candidate cell) from serving cell, the TA value estimated by candidate cell must be passed to serving cell, which may introduce new inter-node signalling for inter-DU case.
· If UE receives RAR from the candidate cell itself, UE needs to monitor PDCCH of candidate cell. This not only requires configuration Type-1 PDCCH CSS (as mentioned in RAN1 LS), but also requires UE to monitor PDCCH from another cell within the RAR window. This either causes interruption in serving cell or requires higher UE capability (being able to receive from serving and candidate cells simultaneously).
We believe that it is simpler for UE to receive RAR from serving cell in TA acquisition for a candidate cell. 
Proposal 6:	If UE needs to receive RAR in a PDCCH-ordered RACH for candidate cell, the RAR for candidate cell is sent from serving cell.
The content of RAR can be further discussed.
1.1.3 With or without RAR?
RAN1 mentioned two mechanisms (with and without RAR) in their LS [1] and left it FFS whether the signalling for configuration/indication of whether RAR needs to be received. We believe that if both cases are to be supported, it is straightforward to have an indication to UE so that UE knows clearly if it needs to receive RAR during the window. The indication may be sent in PDCCH order.
Proposal 7:	If both mechanisms (with and without RAR) are to be supported for early TA acquisition, network sends an indication of whether UE needs to receive RAR.
Moreover, if PDCCH-ordered RACH without RAR is proved feasible (e.g., we find a solution for power ramping), it is a preferred solution. Then TA is provided in cell switch command.
Proposal 8:	For candidate cell early TA acquisition, PDCCH-ordered RACH without RAR is preferred if proved feasible. Then TA value is indicated in LTM cell switch command.
TA maintenance for candidate cells
Since UE is moving, TA value needs to be updated from time to time. In current system, the TA value of serving cell is considered valid before the TA timer expires. In LTM, TA value for candidate may also be valid for a given duration, even after UE switching back to a cell in subsequent LTM case. Moreover, TA maintenance for candidate cells depends on how TA value is provided to UE.
· If the TA value is indicated in cell switch command, UE needs not to maintain TA value. The network maintains the TA values of candidates and triggers PDCCH-ordered RACH if TA is no longer valid. In this case, TA value is always provided in LTM cell switch command, even if UE switches back to original cell and the value does not change (in subsequent LTM case).
· If TA value is provided in RAR, we can introduce TA timer for each candidate cell. Upon cell switch command, UE can perform RACH-less LTM if it possesses valid TA value for the indicated cell, otherwise UE needs to re-acquire TA. It is FFS whether UE initiates TA re-acquisition for a candidate cell when TA timer expires.
Proposal 9:	If TA value is provided in cell switch command, UE does not maintain TA values for candidate cells. UE performs RACH in response to PDCCH order from network.
Proposal 10:	If TA value is provided in RAR, introduce TA timer for each candidate cell. Upon cell switch command, UE can perform RACH-less LTM if it possesses valid TA value for the indicated cell, otherwise UE needs to re-acquire TA. It is FFS whether UE initiates TA re-acquisition for a candidate cell when TA timer expires.
TA acquisition for multiple cells using one preamble
TA acquisition for non-serving (i.e., candidate) cells is a new procedure to be introduced for Rel-18 LTM. Even though PDCCH order-based method allows UE to acquire candidate cell TA by sending preamble to candidate cells, this leads to some drawbacks (e.g., extra power consumption, interruption, and UE complexity). In fact, it is possible to acquire TA for multiple cells using one preamble and adjust the TA values using downlink reception timing difference.
An example is illustrated in the figure below.
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Figure 1.	TA acquisition for multiple cells using one preamble
In the example, a single preamble is sent based on serving cell TTI boundary at UE, and the preamble is received by both cells.
· Since the propagation delays are different, the TA estimated by neighbour cell (TA’2 = TP1 + TP2 – ΔN) is insufficient (assuming TP2 > TP1). 
· To correct neighbour cell TA, UE can estimate the DL reception timing difference Δ = TP2 + ΔN - TP1 and add Δ to TA’2. This leads to TA2 = TA’2 + Δ = 2TP2, which is the correct TA for neighbour cell.
· Note that UE needs not to know the network timing difference ΔN.
· For synchronous network (i.e., ΔN = 0), neighbour cell TA can be obtained as TA2 = TA1 + 2Δ. That is, neighbour cell needs not to estimate the TA.
We have the following proposal:
Proposal 11:	Consider TA acquisition for multiple cell using one preamble, to mitigate drawbacks brought by early TA acquisition for candidate cells, such as UE power consumption, interruption, UE complexity, etc.
Conclusion
We have the following observations:
Observation 1:	Providing TA in cell switch command does not delay UE’s first UL transmission.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	For PDCCH-ordered RACH towards candidate cell(s), RACH common configurations are provided in candidate configurations.
Proposal 2:	For PDCCH-ordered RACH towards candidate cell(s), RACH dedicated configurations that do not require real-time decision are provided in candidate configurations, while dedicated configurations requiring real-time decision (e.g., RA preamble index, SSB index, PRACH resource selection, index of candidate cell) are provided in PDCCH order. The exact fields in PDCCH order can be discussed in RAN1.
Proposal 3:	UEs supporting early TA acquisition need to decode candidate configurations before performing RACH towards a candidate cell if some RACH configurations are provided in candidate configurations.
Proposal 4:	Send LS to RAN3 on RACH configuration provisioning for inter-DU LTM.
Proposal 5:	If UE needs not to receive RAR in a PDCCH-ordered RACH for candidate cell, there should be a solution for UE to transmit missed preamble with increased power.
Proposal 6:	If UE needs to receive RAR in a PDCCH-ordered RACH for candidate cell, the RAR for candidate cell is sent from serving cell.
Proposal 7:	If both mechanisms (with and without RAR) are to be supported for early TA acquisition, network sends an indication of whether UE needs to receive RAR.
Proposal 8:	For candidate cell early TA acquisition, PDCCH-ordered RACH without RAR is preferred if proved feasible. Then TA value is indicated in LTM cell switch command.
Proposal 9:	If TA value is provided in cell switch command, UE does not maintain TA values for candidate cells. UE performs RACH in response to PDCCH order for network.
Proposal 10:	If TA value is provided in RAR, introduce TA timer for each candidate cell. Upon cell switch command, UE can perform RACH-less LTM if it possesses valid TA value for the indicated cell, otherwise UE needs to re-acquire TA. It is FFS whether UE initiates TA re-acquisition for a candidate cell when TA timer expires.
Proposal 11:	Consider TA acquisition for multiple cell using one preamble, to mitigate drawbacks brought by early TA acquisition for candidate cells, such as UE power consumption, interruption, UE complexity, etc.
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