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1	Introduction
The work item for NR NTN enhancements in Rel-18 [1] emphasizes NTN-TN and NTN-NTN mobility and service continuity as an important area for improvements.
For handover enhancements, the WID points out the following two aspects to consider:
· [bookmark: _Hlk118188500][bookmark: _Hlk118125459]“Specify NTN-NTN handover enhancements for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead.”
· “Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g., exchange of necessary information between gNBs.”
In this paper, we address the first aspect above.
[bookmark: _Ref178064866]2	Discussion
2.1	RACH-less Handover
The objective of this section is to discuss the highlighted aspects in section 5.1: the timing configuration of pre-allocated uplink grant, TAT handling during RACH-less HO, handling of pre-allocated UL grant with association with SSB, and the combination with CHO.
2.1.1	Pre-allocated UL grant timing configuration
2.1.1.1	Timing Reference
In RAN2#121bis-e, it was agreed that the pre-allocated grant is provided as type-1 configured grant (CG). In NR, configured grant eliminates the need to request and assign resources for each uplink packet transmission by pre-allocating resources to the UE. The timing configuration is determined by several RRC parameters, namely timeReferenceSFN and timeDomainOffset. The former, timeReferenceSFN, indicates the SFN used to determine the offset (timeDomainOffset) of a type-1 CG resource in the time domain [2]. This combination allows to support a greater variety of allocation patterns for type-1 CG, i.e., the CG periodicities with which the CG resource appears in different position in different frames.

--------------------------------------------------TS 38.331--------------------------------------------------
	timeDomainOffset
Offset related to the reference SFN indicated by timeReferenceSFN, see TS 38.321 [3], clause 5.8.2. timeDomainOffset-r17 is only applicable to 480 kHz and 960 kHz. If timeDomainOffset-r17 is present, the UE shall ignore timeDomainOffset (without suffix).

	timeReferenceSFN
Indicates SFN used for determination of the offset of a resource in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the configured grant configuration, see TS 38.321 [3], clause 5.8.2. If the field timeReferenceSFN is not present, the reference SFN is 0.


--------------------------------------------------TS 38.331--------------------------------------------------

Even though the pre-allocated uplink grant in RACH-less HO could also benefit from such flexibility, the enhanced complexity is not justified. Firstly, the purpose of this uplink grant is to provide initial access to the target cell. Secondly, the grant shall be determined by the target gNB, and the corresponding timing reference shall be associated with the target cell’s SFN. However, the description of timeReferenceSFN is tied to the serving cell SFN and the reception of the RRCReconfiguration message which contains the configured grant configuration. Therefore, re-using a similar timing configuration as type-1 CG, i.e., with the parameters timeReferenceSFN and timeDomainOffset, requires the source gNB to be informed (in case of inter-gNB handover) leading to potential changes in inter-node signaling and RAN3 impact.

[bookmark: _Toc146878021]The timing reference of a type-1 CG is defined by the reception of the RRCReconfiguration message containing the grant configuration.
[bookmark: _Toc146878022]In NTN RACH-less HO, the timing reference of the pre-allocated uplink grant shall be determined by the target gNB.
[bookmark: _Toc146878023]Introducing a reference SFN similar to timeReferenceSFN for pre-allocated UL grant introduces unnecessary complexity and specification impact (especially for RAN3).

[bookmark: _Toc146878031]RAN2 to discuss how to provide the timing configuration for the pre-allocated grant in RACH-less handover based on the target’s cell time reference (SFN).

2.1.1.2	Periodicity
The following excerpt from TS 38.331 [3] shows the wide range of values that can be configured for the uplink grant periodicity. On the one hand, some periodicity values have a granularity which is not needed for handover. For instance, 2 symbols and 7 symbols periodicity values lead to higher UL resource consumption while it does not reduce the overall HO latency which is dominated by other components such as DL sync with the target cell or UE processing time. On the other hand, 80, 160, 320, 640 slots periodicity value leads to a distinctly increased HO latency with 15KHz SCS (HO latency increase may be smaller with higher SCS). Thus, RAN2 should decide which periodicity values apply to the case of NTN RACH-less HO pre-allocated UL grant.

[bookmark: _Toc146878024]In NTN RACH-less handover, the pre-allocated UL grant does not require the wide range of periodicity values available for type 1 CG (e.g., symbol level or hundreds of slots).
[bookmark: _Toc146878032]In NTN RACH-less handover, the granularity to provide the periodicity value of the pre-allocated uplink grant is number of slots.

--------------------------------------------------TS 38.331--------------------------------------------------
	periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
30 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
60 kHz with normal CP	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
60 kHz with ECP:	2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
120 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}
480 and 960 kHz:	n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}
In case of SDT, the network does not configure periodicity values less than 5ms.


--------------------------------------------------TS 38.331--------------------------------------------------

As mentioned in the previous section, there is a possibility that certain periodicity values result in that the pre-allocated UL grant resource appears in different position in different frames. In RACH-less handover, this would become problematic if the UE does not have a clear time reference relative to the target’s cell timing, e.g., timeReferenceSFN. For example, this can happen with the periodicity values of 4, 8, 16, 32, 64, 128 slots with 15KHz SCS. A simple solution without major specification impact is to restrict the range of possible values for RACH-less handover to those in which this issue does not happen, e.g., 1, 2, 5, 10, 20, 40, or 80 slots.

[bookmark: _Toc146878033]Based on type-1 CG, RAN2 to select which periodicity values should be adopted for pre-allocated UL grant in NTN RACH-less handover, e.g., 1, 2, 5, 10, 20, 40, or 80 slots.

2.1.2	Handling of pre-allocated grant with association to SSBs
In RAN2#123, it was agreed that UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold and uses the selected SSB and the corresponding UL grant occasions for the initial UL transmission. If no SSB mapping to pre-allocated grant has RSRP above the threshold, the UE falls back to RACH HO (with new SSB selection) as long as T304 is running.
However, it is unclear that when a UE falls back to RACH-based HO and RRCReconfigurationComplete is not sent successfully to the target gNB, whether a UE could return to pre-allocated grant if radio conditions change and an SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is still running. In our view, this shall be allowed as long as the UE has capability to switch back and forth between RACH-less HO and RACH HO, as this could avoid that the UE continuously suffer from congestion due to limited RACH resources once the fallback to RACH HO decision has been taken.

[bookmark: _Toc146878034]After a fallback to RACH-based handover, a UE is allowed to return to RACH-less handover if there are SSBs satisfying the RSRP condition and T304 is still running.

2.1.3	Maintenance of Uplink time alignment
TimeAlignmentTimer (TAT) determines how long the MAC entity of a UE considers the TA information (e.g., NTA) provided by the network valid. The network configures its value per TAG (Timing Advance Group) either via dedicated signalling or broadcast. In addition, this timer provides a common understanding between UE and network of UE TA’s validity. In RAN2#122, it was agreed that “RAN2 assumes the UL sync handling in the target cell is the same in RACH-based HO and RACH-less HO”. This agreement implies that, similar to RACH-based HO, a UE performing a RACH-less HO autonomously calculates and pre-compensates timing advance in NTN. The formula to calculate timing advance is described in TS 38.211 and is comprised of components provided by the network and components autonomously calculated by UEs from the provided satellite assistance information (e.g., ntn-Config-r17).


[bookmark: _Toc146878025]A UE performing RACH-less HO can autonomously calculate and pre-compensate timing advance in NTN.

In contrast to terrestrial networks, TA validity in NTN is guaranteed by T430 (ntn-UlSyncValidityDuration-r17) which dictates how long the ephemeris and common TA parameters hold accurate. In the specific case of RACH-less handover in NTN, where NTA is assumed to be either zero (inter-satellite switch) or equal to the serving cell (intra-satellite switch), TAT’s role is not a determining factor to characterize UE’s TA validity and shall not be a limiting factor to execute RACH-less HO (initial access).

[bookmark: _Toc146878026]In NTN RACH-less handover, timing advance’s validity is guaranteed by ntn-UlSyncValidityDuration-r17.

In LTE, TAT is (re-)started upon the reception of the RRCConnectionReconfiguration message which contains the RACH-less handover configuration. This legacy behaviour may become a limiting factor to execute the procedure in NR NTN. The figure below illustrates this problem. If TAT expires during the handover while T304 is still running, the procedure cannot be successfully performed as the MAC entity is reset and only random access is allowed when TAT is not running.

[bookmark: _Toc146878027]Starting TAT upon reception of the RRCReconfiguration message (legacy behaviour) may become a limiting factor to execute RACH-less handover in NR NTN.

[image: ]
Figure 1. Impact of TAT expiry on RACH-less HO

During RAN2#123, a possible workaround was discussed: the configuration of a large TAT value in the target cell, e.g., infinity, either via the RRCReconfiguration message (dedicated) or in system information (SIB1). From the network perspective this is undesirable. Firstly, TAT is used by the network to assist UEs in keeping an accurate NTA value by means of Timing Advance MAC CEs. A large TAT value might add up to the total timing advance calculation error and drift causing that uplink messages arrive outside the cyclic prefix creating interference. Secondly, when a large single TAT value (e.g., infinity) is configured only for the sake of the RACH-less handover, network may need an additional RRCReconfiguration message to re-configure a more typical TAT value which increases the signalling overhead.
RAN2 can further discuss the details of how to adapt TAT mechanism so that it does not limit execution of the RACH-less handover in NTN. Among the possible solutions: TAT is not applied during initial access until RRCReconfigurationComplete message is successfully sent or the first Timing Advance MAC CE is received; the UE is configured with two TAT values, one to execute the handover and another for regular operation, and it is mandated that the first TAT value is set to a sufficient large value such that TAT will not expire before T304 expires.
[bookmark: _Toc146878035]RAN2 to discuss the following options regarding TAT in NTN RACH-less handover:
a. [bookmark: _Toc146878036]TAT is not applied during initial access and starts upon sending RRCReconfigurationComplete or the reception of the first Timing Advance MAC CE.
b. [bookmark: _Toc146878037]Two TAT values are configured: one for the handover and another for regular operation.

2.1.4	RACH-less Conditional handover
In RAN2#121bis-e, it was agreed to further consider combining RACH-less HO with time-based CHO for quasi-Earth fixed cells in NTN. Two relevant topics that should be addressed are the validity of pre-allocated grant to minimize the potential waste of reserved resources and the provision of dynamic grant in PDCCH. Regarding the first topic, it would be up to gNB implementation to ensure an optimal allocation of reserved resources. The gNB is aware of the duration of CHO time window [T1, T2] (via inter-node signalling) and just needs to ensure that the pre-allocated grant is available to the UE within [T1, T2]. In a similar manner, for dynamic grant, the gNB will send the corresponding PDCCH carrying the uplink grant only during [T1, T2]. In conclusion, UE should not expect any allocation out of the assigned window.

[bookmark: _Toc146878028]In NTN RACH-less conditional handover, network ensures the pre-allocated grant, and the provision of dynamic grant happens within the CHO time window [T1, T2].
[bookmark: _Toc146878038]Adopt RACH-less conditional handover in NR NTN Rel-18. It is up to gNB implementation how to assign an optimal allocation and minimize reserved resources waste.

2.2	Reusing PCI after service link switch
In addition to the issue of backwards compatibility, the highlighted FFS in section 5.2 will be addressed in this section: whether to support scenarios where there is a non-neglible switch gap, and the TAT handling.
2.2.1	Remaining open issues in baseline procedure
During previous discussions, there seems to be different perspectives on the way both network and UE behave in the unchanged PCI scenario. In our understanding, the overall procedure would go as follows for the cell hard switch case:
1. Network broadcasts assistance information to inform the UE about this type of switch.
2. Upon t-service-17 expires, the UE makes use of the assistance information it has received and applies the NTN-Config-r17 information for the new cell (i.e., the cell after the switch) and restarts the validity timer associated with the ephemeris and Common TA parameters.
3. The UE obtains DL synchronization in the new cell by receiving PSS and SSS.
4. The UE acquires SIB19 after the switch to collect any remaining relevant information.
5. The UE recalculates its TA, based on the ephemeris and Common TA parameters of the new cell (i.e. after the switch) and the UE’s own location. This TA should be accurate enough for the UE to transmit, e.g. on the PUCCH or the PUSCH, but the UE may also optionally perform a random access in the new cell to get its TA adjusted by the network.
6. If configure to do so, the UE may also report its TA to the network using the Timing Advance Report MAC CE.

Regarding the first FFS on the need of t-gap or t-start, it would be beneficial to consider the applicability of the unchanged PCI mechanism to the scenario where the coverage gap is non-negligible. As pointed out by some satellite operators in the online discussions, this is a plausible and realistic case as there might be an inherent yet minor synchronization error between satellites and ground stations to perform the switch. This does not imply a discontinuous coverage scenario, in which coverage gap durations range from a few seconds to a few hours. The introduction of a t-gap or t-start allows the UE to momentarily suspend radio link monitoring and PDCCH monitoring until the new satellite starts its service, i.e., until t-start or t-service+t-gap. In this way, the UE saves power consumption and secures that the gap does not trigger RLF and RRC reestablishment which implies a longer interruption.

[bookmark: _Toc146878039]Consider the scenario where the coverage gap is non-negligible but shorter than discontinuous coverage for the unchanged PCI mechanism.

Between the two options (t-gap and t-start), the former, t-gap, offers a higher benefit because it is a relative time, introduces less signaling overhead compared to t-start which is an absolute time, and provides backwards compatibility in case the feature is later applied to Earth moving cells.

[bookmark: _Toc146878040]In the unchanged PCI scenario, introduce t-gap for the scenarios with a non-negligible coverage gap.

Regarding the second FFS on timeAlignmentTimer (TAT) handling, the most optimal solution is to rely on the legacy procedure without any specification change, i.e., the UE keeps TAT running (if not expired) during the satellite switch with unchanged PCI. After the switch, the gNB can send a Timing Advance Command to the UE to restart the TAT timer accordingly. If needed, the gNB could set the index value TA in the Timing Advance Command to 31 which results in no adjustment in NTA, i.e., just for the sake of triggering TAT restart.

[bookmark: _Toc146878041]In the unchanged PCI scenario, no changes to timeAlignmentTimer behaviour are required. UE keeps TAT running during the satellite switch and UE performs random access or gNB sends a TA MAC CE after the switch.

2.2.2	Implementation aspects
One issue is how to implement mobility in this scenario. In our view since this is an intra-gNB satellite switching without PCI changing nor key change, L1 mobility can be applied, i.e., the UE does not need to send a HO complete or switch complete command in the new satellite using either RRC signaling or MAC CE. Instead, the NW could schedule UL and DL transmission in the new satellite after the new satellite starts to serve the area, for UL the NW may either initiate a random-access procedure using PDCCH order or schedule a dynamic UL grant or activate a CG Type 2 for the UE’s UL transmission.

[bookmark: _Toc146878042]In the unchanged PCI scenario, UE does not need to send a confirmation to the network when it successfully connects to the target cell.

2.2.3	Backwards compatibility
Another open issue is how to support mobility of legacy (Release 17) UEs in this scenario. One option is regular handover in which, as presented in [6], the handover command needs to be sent to each UE after the last SSB from the serving satellite has reached all the UEs in the cell. Otherwise, a UE will re-synchronize again to the same source satellite, given the PCI and overall configuration are identical. An added problem with this solution is the implementation difficulty: HO commands cannot be spread in time and the gNB would be forced to send a high number of HO command in a very short period of time.

[bookmark: _Toc146878029]In the unchanged PCI scenario, the use of regular handover to handle Rel-17 RRC_CONNECTED UEs might pose implementation challenges.

A more feasible solution is to rely on time-based CHO, where T1 could be set to value later the time that the new satellite starts to serve the area. However, this is an optional feature. Thus, legacy UEs not supporting time-based CHO, and which cannot receive the HO command (after the last SSB from the serving satellite) due to a potential temporary congestion will need to rely on RLF and RRC Re-establishment for every service link switch. In this latter case, the interruption time will increase significantly. Therefore, we ask RAN2 to discuss whether sending the HO command after the last SSB from the serving satellite is a viable solution. If not, whether any enhancement should be introduced to support mobility for legacy UEs (particularly for UEs not supporting time-based CHO). 

[bookmark: _Toc146878030]In the unchanged PCI scenario, the only feasible option for legacy UEs not supporting time-based CHO is RLF and Re-establishment which will result in a significant increase of interruption time.

[bookmark: _Toc146878043]Discuss how Rel-17 NTN UEs can use regular handover mechanism in the unchanged PCI service link switch.


3	Conclusions
In the previous sections we made the following observations: 
Observation 1	The timing reference of a type-1 CG is defined by the reception of the RRCReconfiguration message containing the grant configuration.
Observation 2	In NTN RACH-less HO, the timing reference of the pre-allocated uplink grant shall be determined by the target gNB.
Observation 3	Introducing a reference SFN similar to timeReferenceSFN for pre-allocated UL grant introduces unnecessary complexity and specification impact (especially for RAN3).
Observation 4	In NTN RACH-less handover, the pre-allocated UL grant does not require the wide range of periodicity values available for type 1 CG (e.g., symbol level or hundreds of slots).
Observation 5	A UE performing RACH-less HO can autonomously calculate and pre-compensate timing advance in NTN.
Observation 6	In NTN RACH-less handover, timing advance’s validity is guaranteed by ntn-UlSyncValidityDuration-r17.
Observation 7	Starting TAT upon reception of the RRCReconfiguration message (legacy behaviour) may become a limiting factor to execute RACH-less handover in NR NTN.
Observation 8	In NTN RACH-less conditional handover, network ensures the pre-allocated grant, and the provision of dynamic grant happens within the CHO time window [T1, T2].
Observation 9	In the unchanged PCI scenario, the use of regular handover to handle Rel-17 RRC_CONNECTED UEs might pose implementation challenges.
Observation 10	In the unchanged PCI scenario, the only feasible option for legacy UEs not supporting time-based CHO is RLF and Re-establishment which will result in a significant increase of interruption time.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss how to provide the timing configuration for the pre-allocated grant in RACH-less handover based on the target’s cell time reference (SFN).
Proposal 2	In NTN RACH-less handover, the granularity to provide the periodicity value of the pre-allocated uplink grant is number of slots.
Proposal 3	Based on type-1 CG, RAN2 to select which periodicity values should be adopted for pre-allocated UL grant in NTN RACH-less handover, e.g., 1, 2, 5, 10, 20, 40, or 80 slots.
Proposal 4	After a fallback to RACH-based handover, a UE is allowed to return to RACH-less handover if there are SSBs satisfying the RSRP condition and T304 is still running.
Proposal 5	RAN2 to discuss the following options regarding TAT in NTN RACH-less handover:
a.	TAT is not applied during initial access and starts upon sending RRCReconfigurationComplete or the reception of the first Timing Advance MAC CE.
b.	Two TAT values are configured: one for the handover and another for regular operation.
Proposal 6	Adopt RACH-less conditional handover in NR NTN Rel-18. It is up to gNB implementation how to assign an optimal allocation and minimize reserved resources waste.
Proposal 7	Consider the scenario where the coverage gap is non-negligible but shorter than discontinuous coverage for the unchanged PCI mechanism.
Proposal 8	In the unchanged PCI scenario, introduce t-gap for the scenarios with a non-negligible coverage gap.
Proposal 9	In the unchanged PCI scenario, no changes to timeAlignmentTimer behaviour are required. UE keeps TAT running during the satellite switch and UE performs random access or gNB sends a TA MAC CE after the switch.
Proposal 10	In the unchanged PCI scenario, UE does not need to send a confirmation to the network when it successfully connects to the target cell.
Proposal 11	Discuss how Rel-17 NTN UEs can use regular handover mechanism in the unchanged PCI service link switch.
[bookmark: _In-sequence_SDU_delivery]
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5	Previous agreements
5.1	RACH-less HO
In RAN2#121, it was agreed to support RACH-less handover for NTN in Rel-18. In RAN2#121bis-e, the following agreements were made on RACH-less handover: 
· For initial UL transmission in RACH-less HO, support pre-allocated grant in RACH-less HO command.
· NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB.
· NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB. 
· The pre-allocated grant is provided as type-1 CG
· RAN2 confirms the general UE procedure for NTN RACH-less HO 
1. receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
2. start timer T304 for the target cell (RRC)
3. perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
4. start time alignment timer (MAC)
5. monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)
6. send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)
7. consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
8. stop timer T304 for the target cell. (RRC)
· FFS whether to release UL grant if pre-allocated after RACH-less HO completion
· FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell
· FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported
· At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant
· Consider to support combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH

In RAN2#122, further agreements were made on RACH-less handover: 
· 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.
· From RAN2 perspective synchronization among source and target cells is not an issue in NTN RACH-less HO.
· Release pre-allocated UL grant after RACH-less HO completion. 
· 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. 
· 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). 

In RAN2#123, more agreements were made on RACH-less handover:
· Single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission
· The pre-allocated grant is provided with association to SSBs 
· 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). 
· 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.
· ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command. 
· 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). 
· 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. 
· 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. 

5.2	Unchanged PCI switch
In RAN2#121bis-e, it was agreed that “In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported, unless major technical issues are identified by RAN1”, and a corresponding LS was sent to RAN1. In RAN1#113 RAN1 replied that “From RAN1 perspective, no feasibility issue is identified for hard satellite switching without PCI change” [5], this means satellite switching without PCI changing for the hard switch case is feasible and will be supported in Rel.18. 

In RAN2#123, the following agreements were made on unchanged PCI for the hard switch scenario: 
· An explicit indication will be introduced to enable the unchanged PCI switch. 
· The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start. 
· PCI unchanged procedure can be performed without performing RACH. 
· In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling. 
· In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite. 
· The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.
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