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Introduction
In WID [1], one of the objectives for Rel-18 NR NTN is to continue enhancements for NTN mobility. The work will consider Rel-17 NR NTN as the baseline for further enhancements including:
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3].
As part of this objective, handover enhancements have been discussed in RAN2 during the past meetings. Among those, the RACH-less handover (HO) has been proposed as an effective solution to reduce the signalling overhead.
At RAN2#123 meeting (August 2023), the following agreements on RACH-less HO were made:
	Agreements:
1.	Single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission.
2.	The pre-allocated grant is provided with association to SSBs.
3.	The mapping between type-1 CG and SSBs in CG-SDT can be the baseline of how to configure pre-allocated grant mapped to SSBs (can rediscuss in case of different input from RAN1).
4.	UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold, use the selected SSB and the corresponding UL grant occasions for the initial UL transmission.
5.	ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command.
6.	RAN2 understands that if pre-allocated grant is not configured and dynamic grant is used for first UL transmission, if UL HARQ mode is configured, HARQ mode A is recommended for the HARQ process (this is anyway up to NW implementation and there is no Stage2 and Stage3 spec impact).
7.	The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlignmentTimer associated with this TAG starts.
8.	If no SSB mapping to pre-allocated grant has RSRP above the threshold, fallback to RACH HO (with new SSB selection), while T304 is running.



While in RAN2#122 (May 2023) the following was agreed:
	Agreements:
1. In NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell, or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal to 0.

Agreements:
1. From RAN2 perspective synchronization among source and target cells is not an issue in NTN RACH-less HO.
2. Release pre-allocated UL grant after RACH-less HO completion.
3. LTE approach (of confirming the HO completion) is reused for both pre-allocated grant and dynamic grant. FFS any enhancement to the confirmation of RACH-less HO completion, e.g. the NW does not send the UE Contention Resolution Identity MAC CE, and sends PDCCH/PDSCH addressed to C-RNTI.
4. 4.	Remove “FFS how to perform RACH-less UL synchronization to NTN target cell”, RAN2 assumes the UL sync handling in the target cell is the same in RACH-based HO and RACH-less HO, except how to acquire NTA (FFS on the spec impact , if any).



This paper discusses remaining aspects on the RACH-less HO for NTN topic.
[bookmark: _Hlk510705081]Discussion
UL synchronization
Unlike with RACH-based HO where N_TA is provided as part of the RA response (i.e., RAR message), the N_TA parameter is included in the RACH-less HO command. During the RAN2#123 meeting, the following was agreed regarding the timing advance N_TA applied for the first UL transmission:
	Agreement
7.	The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timeAlignmentTimer associated with this TAG starts.



Even though it was agreed to use a N_TA for the target cell identical to the source cell or equal to zero, it was not agreed when timeAlignmentTimer (TAT) should start. TAT was specified in terrestrial network to control how long the MAC entity considers the serving cell to be UL time aligned (see TS 38.321). For LTE RACH-less HO, the specification TS 36.321 (clause 5.2) indicates that timer TAT should start upon configuration of the MAC entity with RACH-less HO and after applying TA value indicated in rach-Skip. Hence, the specification of NTN RACH-less HO should contain a similar text where the TAT is started upon TA applicability.
Observation 1: timeAlignmentTimer controls how long the MAC entity considers the serving cell UL time aligned. In case of LTE RACH-less HO, timeAlignmentTimer is started upon TA applicability.
As mentioned above, for the LTE RACH-less HO, the UE starts the TAT once it has all the timing information, and it can start applying the target TA value. In terrestrial networks, this procedure is sufficient since the TA is fully controlled by the network. However, the TA in NTN depends on an open-loop controlled by the network and a close-loop controlled by the UE. Thus, the TAT should start once the UE can apply the full TA, which includes the N_TA for the target cell, the common TA and the UE-specific TA.
Proposal 1: timeAlignmentTimer to start upon the UE has an applicable TA.
According to TS 38.331, in NTN the UL time alignment depends on the validity of satellite assistance information in SIB19, which is governed by the timer T430. Upon timer expiration, the UE considers that UL synchronization is lost and is required to acquire SIB19 according to its implementation. That means that for UL transmissions, whether the UE is configured with a RACH HO or a RACH-less HO, the specification of timer TAT in NTN is not a critical aspect and its configuration should be aligned with configuration of timer T430.
Observation 2: In NTN, the UL time alignment depends on the validity of SIB19 and it is controlled by timer T430.
Proposal 2: TAT should not be a limiting factor for UL transmission and, therefore, for the completion of NTN RACH-less HO.
UL carrier
During RAN2#123 meeting, the use of supplementary UL (SUL) carrier in NTN was discussed without reaching an agreement. The proposals addressed the configuration of SUL carriers for initial UL transmission using dynamic grant (DG) and configured grant (CG). 
The SUL carrier feature was introduced for terrestrial network to improve UL coverage in high frequency scenarios, where the UE is configured with 2 UL carriers in the same cell (see TS 38.101 [5]). Note that the UE cannot transmit through both carriers simultaneously.
Observation 3: SUL feature is a UL coverage enhancement specified for terrestrial networks.
In our view, enhancements and optimizations for the NTN RACH-less HO should not be discussed at this stage of the specification since it is not even agreed a common ground. Furthermore, according to Table 5.5C.1 in TS 38.101-1 [5], there is no supported SUL band combination for NTN operating bands. 
Observation 4: Specifications do not support SUL configuration for NTN operating bands.
Proposal 3: do not pursue UL transmission enhancements, such as SUL carrier configuration, during the specification of Rel-18 NTN RACH-less HO.
Confirmation of RACH-less HO completion
During RAN2#122 meeting, it was discussed how successful RACH-less HO completion should be indicated. Later, the following agreement was taken:
	Agreement
LTE approach (of confirming the HO completion) is reused for both pre-allocated grant and dynamic grant. FFS any enhancement to the confirmation of RACH-less HO completion, e.g. the NW does not send the UE Contention Resolution Identity MAC CE, and sends PDCCH/PDSCH addressed to C-RNTI.



The agreement considers reusing the LTE’s mechanism by confirming HO completion via “UE contention resolution identity MAC CE”. That is captured in the specification TS 36.300 as follows: 
	When the RACH-less HO is configured, after the UE has received uplink grant, the UE sends the RRCConnectionReconfigurationComplete message to confirm the handover, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the target eNB. The target eNB can now begin sending data to the UE. The handover procedure is completed for the UE when the UE receives the UE contention resolution identity MAC control element from the target eNB.



Observation 5: TS 36.300 specifies that the RACH-less HO is completed when the UE receives the UE contention resolution identity MAC CE from the target cell.
	1>	if MAC indicates the successful reception of a PDCCH transmission addressed to C-RNTI and if rach-Skip is configured:
2>	stop timer T304;
2>	release rach-Skip;


Once the UE receives the RRC Reconfiguration message from the serving cell, the UE starts timer T304, which controls the HO procedure and determines when HO Failure might be declared. As captured in [3], during RAN2 discussions on RACH-less HO, it was agreed that timer T304 is required to avoid various error cases. Thus, the UE requires an indication to know when to stop the timer T304 and release RACH-less resources. The text in TS36.331 captures this condition as follows:

Note that the specifications considers that timer T304 is running at RRC level and stops after a successful reception indication at MAC level.
Observation 6: Legacy LTE behaviour defines that MAC layer indicates to upper RRC layer to stop the timer T304 and release RACH-less resources.
As indicated above, the RACH-less HO is completed when the UE receives the UE contention resolution identity MAC CE from the target cell. Note that the UE contention resolution identity MAC CE message involves a PDSCH scheduling that will be indicated via PDCCH transmission to the UE. However, according to the specification in TS 36.331, the NW could confirm the HO completion via anything in the PDSCH addressed to C-RNTI. 
Observation 7: The NW could confirm the HO completion via anything in the PDSCH.
One option could be to use as indication a PDSCH transmission with DL data, but there may be cases where the NW have nothing to transmit. For that reason, the agreed indication for HO completion should be something valid to all UEs. 
The current approach of using the UE contention resolution identity MAC CE, may not be the most optimal approach. The UE uses a MAC CE defined for contention resolution when there is no contention in RACH procedure and the UE contention resolution identity MAC CE takes 48 bits to indicate something that could be done with a shorter number of bits (it is a simple message to convey: RACH-less HO is completed, so theoretically a single bit could suffice). Further, the NW could have ready DL data to send, which will have to wait until the HO has been completed. 
Using the MAC CE approach is a compromised solution that does not require further specification changes. However, there is room for further optimization with low specification efforts. A simple enhancement could be that the NW decides whether to schedule DL data (if available) or a MAC CE in the PDSCH.
Proposal 4: The NW confirms RACH-less HO completion scheduling DL data (if available). Otherwise, the NW schedules a UE contention resolution identity MAC CE.
Combination of CHO and RACH-less procedure
The combination of RACH-less HO with conditional HO (CHO) procedure was briefly discussed during the last RAN2 meeting (see [2]). This sub-topic combines the advantages of time-based CHO procedure and RACH-less HO procedure. 
The main advantages of the time-based CHO procedure are the following. First, the serving cell sends an earlier HO command when the UE is still in good radio conditions. Second, the serving cell includes in the HO command, the time parameters T1 and T2 so the UE is aware of the time window to execute the HO and access the target cell. On the other side, the advantages of the RACH-less HO procedure are a reduction in terms of signalling overhead since the UE skip Msg1 and Msg2 of RACH procedure. Thus, the advantages to combine both procedures are clear and could bring clear benefits in terms of UE’s mobility performance and signalling reduction.
Observation 8: the advantages of combining RACH-less HO and time-based CHO are: 1) and the HO command is sent earlier in better radio propagation conditions, 2) the network can control when the UE accesses the target cell, and 3) signalling reduction.
However, such benefits also come with disadvantages. In case of configured grant (CG) and dynamic grant (DG), after the “HO Request ACK” message, the target cell must reserve UL resources for those UEs attempting to access. Since the CHO preparation occurs earlier and the exact CHO execution time is unknown by the network, this also means that the target cell must reserve those resources for a longer period, which results in a waste of resources. A potential solution for this issue could be that the serving cell includes T1 and T2 in the “HO Request” message to make the target cell aware of the time window that the UE will attempt the access. In that way, the target cell could delay the UL resources reservation prior to T1-T2. 
Observation 9: One of the disadvantages of combining RACH-less HO and CHO is a larger waste of resources as compared with blind HO (if target cell is not aware of when the UE will attempt to access).
Proposal 5: to combine RACH-less HO and time-based CHO if T1-T2 are known by the target cell.
Conclusion
The following observations and proposals are made in this document:
Observation 1: timeAlignmentTimer controls how long the MAC entity considers the serving cell UL time aligned. In case of LTE RACH-less HO, timeAlignmentTimer is started upon TA applicability.
Observation 2: In NTN, the UL time alignment depends on the validity of SIB19 and it is controlled by timer T430.
Observation 3: SUL feature is a UL coverage enhancement specified for terrestrial networks.
Observation 4: Specifications do not support SUL configuration for NTN operating bands.
Observation 5: TS 36.300 specifies that the RACH-less HO is completed when the UE receives the UE contention resolution identity MAC CE from the target cell.
Observation 6: Legacy LTE behaviour defines that MAC layer indicates to upper RRC layer to stop the timer T304 and release RACH-less resources.
Observation 7: The NW could confirm the HO completion via anything in the PDSCH.
Observation 8: the advantages of combining RACH-less HO and time-based CHO are: 1) and the HO command is sent earlier in better radio propagation conditions, 2) the network can control when the UE accesses the target cell, and 3) signalling reduction.
Observation 9: One of the disadvantages of combining RACH-less HO and CHO is a larger waste of resources as compared with blind HO (if target cell is not aware of when the UE will attempt to access).
Proposal 1: timeAlignmentTimer to start upon the UE has an applicable TA.
Proposal 2: TAT should not be a limiting factor for UL transmission and, therefore, for the completion of NTN RACH-less HO.
Proposal 3: do not pursue UL transmission enhancements, such as SUL carrier configuration, during the specification of Rel-18 NTN RACH-less HO.
Proposal 4: The NW confirms RACH-less HO completion scheduling DL data (if available). Otherwise, the NW schedules a UE contention resolution identity MAC CE.
Proposal 5: to combine RACH-less HO and time-based CHO if T1-T2 are known by the target cell.
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