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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 aspects above.
[bookmark: _Ref178064866]2	Discussion
2.1	Reduction of signalling overhead during handover
In both MEO and LEO deployments, mobility in idle and connected mode is expected to be heavily impacted by rapid satellite movements. In an extreme example, a UE served by a LEO satellite with a cell diameter size of 50 km will be forced to perform handover after only 6.61 seconds [2]. In turn, the total number of handovers per second will likely be very high and cause a significant signalling load in the network.
The signalling overhead is expected to be particularly burdensome in the following scenarios:
· Service link switch in quasi-earth fixed cells.
· Feeder link switch in Earth-moving cells.

2.1.1	Background
[bookmark: _Hlk118145451][bookmark: _Hlk118142677]Before expiration of the serving cell stop time (t-service-r17) in a quasi-earth fixed cell scenario, or before a feeder link switch takes place in an Earth-moving cell scenario, all connected UEs served by the source cell need to perform handover to the target cell taking over the coverage area of the source cell. Due to the short time of overlap when the source cell and the target cell are covering the same geographical area, the handover execution needs to take place within a very short time frame. This may cause a high peak load on the RA processing resources in the target cell as well as to the signalling and processing resources in the source cell during the handover preparation phase. The peak load during the RA procedure can be mitigated by means of RACH-less handover and further enhanced with its combination with Conditional Handover, while the increased signalling load during the handover preparation phase needs to be addressed with another measure(s).

[bookmark: _Hlk118115726][bookmark: _Toc118196485][bookmark: _Toc134774333]Quasi-earth fixed cell scenarios and feeder link switch in Earth-moving cell scenarios may involve a considerable signalling load during the RA procedure and during the handover preparation phase.

[bookmark: _Hlk118195187]The high satellite velocity in relation with the speed of UEs makes the latter negligible [2], i.e., UEs can be considered stationary. Therefore, the vast majority of the connected UEs served by the source cell need to perform handover to the same target cell, i.e., the cell taking over the geographical area previously covered by the source cell. The only exception might be UEs located close to the cell border, moving away from the reference location of the serving cell, i.e., the centre of the serving cell. For instance, in a quasi-Earth fixed cell and service link switch scenario, the upcoming satellite/cell might have a smaller cell footprint compared to the serving satellite/cell and will therefore not cover the whole geographical area of the previous satellite. Thus, UEs close to cell edge may need to perform handover to a different target cell.

[bookmark: _Toc118196486][bookmark: _Toc134774334]In a quasi-earth fixed cell and at a feeder link switch, most of UEs in the source cell will perform handover to the same target cell. Only UEs moving closer to the cell border may need to perform handover to a different target cell.

2.1.2	Way forward
2.1.2.1	Conditional handover and group-based handover
[bookmark: _Hlk118120015]One measure to avoid a high peak load on the signalling and processing resources during the handover preparation phase is to distribute over time the transmission of the target cell configuration to each UE in the source cell. The Conditional Handover (CHO) concept defined in Rel-16 is well-suited to prevent high peak load during the handover preparation phase. With CHO, the handover preparation information can be sent to each UE well in time before the conditional handover is executed, i.e., before the short overlap time between the old (source) and the new (target) cells. In addition, given the predictability of satellite movements, and consequently, serving cell stop time and the short period of overlap, CHO and the time-based trigger condition are perfectly suited to address the signalling congestion and overhead problematic described in the above NTN scenario(s).

[bookmark: _Toc118196487][bookmark: _Toc134774335]CHO mitigates the signalling load in the source cell since handover preparation information can be sent well in advance before the short overlap time between old (source) cell and new (target) cell, or before a feeder link switch.

[bookmark: _Hlk118122496]Another benefit of CHO is that a UE will autonomously trigger handover execution to the target cell whenever the trigger conditions configured by the network are fulfilled. In other words, once the UE has been provided with a CHO trigger condition, no additional signalling is required between the source node and the UEs for the handover procedure to complete successfully. In contrast, the group-based handover concept discussed during RAN2#119bis-e [3] seems to display lower efficiency due to the following reasons: 
· It requires two messages (common and group-specific) to perform the handover which increases the procedural complexity and the encapsulating overhead (e.g., lower layer headers).
· Prior to the handover execution, UEs need to receive with UE specific configuration (e.g., C-RNTI) and, depending on how the group-specific indication is designed, UEs may also need to be preconfigured with common target cell configuration. It is unclear how UEs can obtain this information and how the network can ensure its correct reception without additional signalling overhead.
· Each UE needs to be provided with a group identity. Similarly, it is still unclear how the group identity is allocated, i.e., what is the base mechanism to form groups, and how the UE is informed of its group identity.
· A handover command is encrypted individually per UE. In case of a group-specific indication, RAN2 should re-define how and which parts of the handover command require encryption.
· Network is required to trigger the group handover with a group-specific indication. It is unclear what could be a meaningful criterion for the trigger. In case of measurement reports, are they sent from each UE in the group? Or is it based on measurements reported by a single UE in the group? The former approach will certainly increase the signalling overhead compared to CHO. The latter alternative would mean triggering blind handovers, an issue that was discussed at length in Release 17 in relation with time-based CHO.

[bookmark: _Toc118196488][bookmark: _Toc134774336]Unlike CHO, group-based handover requires additional signalling between network and a group of UEs to trigger handover to the target cell. In addition to increased signalling, it may also raise security concerns.

Given the analysis presented above, we see that the added complexity of group-based handover in NTN exceeds the possible benefits. There is an existing mechanism in place within the specification, Conditional handover, that already solves in an efficient manner the same problems. Release 18 is reaching its specification equator and we propose that RAN2 use the limited remaining time to further optimize the CHO concept for the quasi-earth fixed and Earth-moving cell scenarios to reduce signalling overhead.

[bookmark: _Toc118196491][bookmark: _Toc134774347]Group-based handover for NTN is down-prioritized in Release 18.

2.1.2.2	Common target cell configuration
In the handover scenarios discussed in the background, most UEs in the source cell will be handed over to the target cell which replaces the coverage in the same geographical area. Therefore, the target cell configuration provided to each UE in the dedicated (C)HO command (reconfigurationWithSync) is identical and gives a potential for optimization. This concerns most of the target cell parameters included in servingCellConfigCommon IE as well as CHO related information such as the CHO execution conditions. Nonetheless, there are certain target cell related configurations that still need to be sent in dedicated manner to each UE such as C-RNTI and new security keys. Additionally, in this kind of scenario, it is a reasonable assumption that, from a deployment perspective, both cells (source and target) might be configured identically or very similarly.

[bookmark: _Toc118196489][bookmark: _Toc134774337]Most information provided to each UE in the (C)HO command describing target cell configuration is identical for all UEs accessing the same target cell.
[bookmark: _Toc134774338]Certain target cell configurations such as C-RNTI or security keys need to be sent in a dedicated manner to each UE.
[bookmark: _Toc134774339]From a deployment perspective, during service link switch in a quasi-Earth fixed cell or a feeder link switch in an Earth-moving cell, it can be assumed that the source cell and the target cell will be configured almost identically.

Given these assumptions, a possible solution to the signalling overhead problem is to provide in advance the common target cell configuration, which is identical to all UEs in the source cell, either via broadcast or group cast. We see the benefits of this alternative which has been discussed during the Common (C)HO configuration email discussion [4] at the last RAN2 meeting and can be summarized as follows:
· Postponed to the next meeting. Proponents need to show how this would work (when/where the information is broadcast, whether the UE (C)HO command is sent before/after the broadcast signalling, etc.). Focus on the quasi-Earth Fixed Cell case.


As discussed in the background section of [4], the potential gain in reduced signalling overhead (around 12,5% for full configuration) needs to be set against the increased complexity of dividing the handover message in two stages (common and dedicated parts) and the signalling load involved in distributing either via broadcast or group-cast and processing this information for both network and UEs.
Another issue to consider, not yet discussed in RAN2, is the impact to the inter-node signalling in case the handover is performed between two different gNBs. If the servingCellConfigCommon IE for the target cell is already provided in the source cell, is the target gNB then expected to exclude the same information in the Handover Command? Additionally, a potential configuration change to SIB1 in the target cell needs to be reflected in the common target cell configuration broadcasted in the source cell. To avoid further delays and configuration mismatches between the two cells, the target cell configuration broadcasted in the source cell should preferable be updated autonomously when a configuration change is done to SIB1 in the target cell. Thus, adopting common (C)HO signalling would require RAN3 involvement.

[bookmark: _Toc134774340]Common (C)HO signalling broadcast or group-cast requires RAN3 involvement.

[bookmark: _Hlk134450614][bookmark: _Hlk134447910]In case source and target cell common configuration are identical, which could be a common case in real NTN deployments, it makes little sense to send the same (duplicated) configuration to the UE repeatedly, neither in the Handover Command, nor by means of broadcast or groupcast. In this scenario, UE already knows, from the source cell, which is the target cell configuration since they are identical. Therefore, the most efficient solution is likely to rely on the already existing delta configuration mechanism that can be optionally applied during the handover preparation phase. Compared to the broadcast or groupcast of the common target cell configuration in the source cell, the delta configuration concept will certainly imply less signalling with substantially less impact to the specification, including the previously mentioned inter-node signalling issue (in case of an inter-gNB handover).

Observation 1 Delta configuration implies reduced signalling, with substantially less impact to the specification and to the inter-node signalling, compared to a solution where common target cell configuration is broadcast or groupcast in the source cell.

[bookmark: _Hlk134455112]During the Common (C)HO configuration email discussion at RAN2#121bis-e [4], some companies claimed that delta configuration concept is only applicable to the dedicated configuration and cannot be used with the common target cell configuration in the RRCReconfiguration message. However, according to the current specification (see the following excerpt from TS 38.331), there is no such limitation to the delta configuration mechanism as long as the corresponding fields (e.g., uplinkConfigConmmon) are defined as optional with Need M, and section 11.2.3 Mandatory information in inter-node RRC messages does not indicate any such restrictions.
-------------------------------- 38.331 -------------------------------
For the AS-Config transferred within the HandoverPreparationInformation:
-	The source node shall include all fields necessary to reflect the current AS configuration of the UE, except for the fields sourceSCG-NR-Config, sourceSCG-EUTRA-Config and sourceRB-SN-Config, which can be omitted in case the source MN did not receive the latest configuration from the source SN. For RRCReconfiguration included in the field rrcReconfiguration, ReconfigurationWithSync is included with only the mandatory subfields (e.g. newUE-Identity and t304) and ServingCellConfigCommon;
-	Need codes or conditions specified for subfields according to IEs defined in clause 6 do not apply. I.e. some fields shall be included regardless of the "Need" or "Cond" e.g. discardTimer;
-	Based on the received AS configuration, the target node can indicate the delta (difference) to the current AS configuration (as included in HandoverCommand) to the UE. The fields newUE-Identity and t304 included in ReconfigurationWithSync are not used for delta configuration purpose.
-------------------------------- 38.331 -------------------------------
[bookmark: _Hlk134455298]As indicated by some companies, the specification might not be entirely clear. Hence, RAN2 could further clarify and potentially optimize the delta configuration concept for the common target cell configuration when performing a handover in the concerned NTN scenarios.

[bookmark: _Toc134774348]RAN2 will not specify mechanisms to reduce signalling overhead in NTN based on common target cell configuration, neither via broadcast nor groupcast.
[bookmark: _Toc134774349][bookmark: _Hlk134454839]RAN2 to rely on and possibly optimize the delta configuration concept for the concerned NTN handover scenarios.

2.2	CHO enhancements
During a conditional handover, the ephemeris data of the satellite serving the candidate target cell, as well as the associated Common TA parameters and Kmac, are part of the essential configuration a UE needs to initiate Random Access to an NTN candidate target cell. These are commonly included in the Handover Command (RRCReconfiguration). However, the CHO configuration may be stored a non-negligible time in the UE before the CHO is executed, and the validity time of the ephemeris data and Common TA parameters may expire.

[bookmark: _Toc134774341]The validity of ephemeris and Common TA parameters obtained in the RRCReconfiguration message may expire before CHO execution.

During RAN2#119bis-e, the issue was discussed in an offline discussion [5] reaching the following agreement:
· Whether the UE uses the target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 for HO or CHO is up to UE implementation (FFS on spec impact).

Unfortunately, time limitations made that this issue was not further discussed. The fact that this behaviour is up to UE implementation makes it difficult for the network to take any preventive actions to ensure that the UE has valid ephemeris and Common TA parameters for the target cell. Given the text captured in Stage 2 (see the following excerpt), a UE may not measure an NTN neighbour cell if it does not have a valid version of ephemeris and Common TA parameters. Therefore, this problem could silently lead to an increased amount of handover failures which is detrimental for both network and UEs.

-------------------------------- 38.300 -------------------------------
For a UE in Idle/Inactive mode it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell indicated in SIB4 but not included in SIB19.
For a UE in Connected mode, it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell included in the measurement configuration but not included in SIB19.
-------------------------------- 38.300 -------------------------------

[bookmark: _Toc134774342]Expiration of the uplink validity of the target cell ephemeris and common TA parameters before CHO execution might lead to increased handover failures.


One way to ensure that the UE has valid ephemeris data and Common TA parameters when accessing a candidate target cell could be to provide the UE with an updated Handover Command (RRCReconfiguration) whenever the validity time of the ephemeris data and Common TA parameters expire in the UE’s CHO configuration. This will increase signalling overhead involving inter-node signalling between the candidate target node and the source node and signalling between the source node and the UE. An alternative solution is to extend the ephemeris and Common TA parameters to multiple sets of ephemeris and Common TA parameters, each with its own epoch time (increasingly further into the future) and its own validity time (with typically decreasing duration the further into the future the epoch time is). We understand the network (through the NTN Control Center) has more accurate information available than the UE and that the network therefore can more accurately predict the satellite’s movement longer into the future. Even though this feature may slightly increase the size of each CHO configuration message, it will certainly avoid further signalling and/or interruption delay.

[bookmark: _Toc134774350]Multiple sets of ephemeris and Common TA parameters, each with its own epoch (increasingly further into the future) and validity time can be transmitted in the CHO configuration message (RRCReconfiguration).

2.3	RACH-less Handover
In RAN2#121, there was significant progress in the topic and the following relevant agreements were made:
· Support RACH-less Handover in Rel-18.
· RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
· In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
· Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario

In RAN2#121bis-e, further 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

The objective of this section is to address the highlighted FFS.
2.3.1	NTA network indication
The first FFS relates to the need of an implicit or explicit network indication of the NTA which is the timing advance (TA) difference between downlink and uplink. As highlighted below in the original TA formula TS 38.211, NTA is part of the whole timing advance calculation and is commonly updated with a timing advance command, either in the Random Access Response or with an Timing Advance MAC CE TS 38.213.

In NTN, UE can autonomously calculate and pre-compensate the latter part of the Timing Advance formula ( and ) which are the most stringent in terms of accuracy requirements TS 38.133 from its own location information, and satellite ephemeris and Common TA parameters broadcast by the network.

[bookmark: _Toc134774343]In NTN RACH-less handover, for both intra- and inter-satellite cases, a UE can autonomously calculate and pre-compensate Timing Advance from its own location information, and satellite ephemeris and Common TA parameters broadcast by the network

Upon intra-satellite RACH-less handover, network can explicitly indicate that NTA remains constant since the target cell is served by the same satellite. Similarly, UE should not need to re-calculate  and . Upon inter-satellite RACH-less handover, for the sake of simplicity and to avoid unnecessary inter-node signalling complexity, network can indicate that NTA has a value of zero and later provide a correct value using Timing Advance MAC CE in the target cell once the handover execution is successful. A value of zero is a reasonable assumption for a new connection to the new. The Timing Advance mechanisms specified by RAN1 and RAN4 are intended to work with a good  and  which are obtained from ephemeris and Common TA parameters. Closed loop updates of NTA are carried out to achieve optimum performance but are not strictly needed for regular operation.

[bookmark: _Toc134774351]In NTN RACH-less intra-satellite handover, network indicates explicitly when the Timing Advance (NTA) of the target cell is identical to the source cell.
[bookmark: _Toc134774352]In NTN RACH-less inter-satellite handover, network indicates a value of zero for the Timing Advance (NTA) of the target cell.


2.3.2	UL synchronization
A key component of RACH-less handover is time synchronization, i.e., the UE holding a correct value for the target cell Timing Advance. A UE in RRC_CONNECTED shall hold a valid copy of SIB19 to access and operate within NTN and re-acquire SIB19 following the RRC timer T430 for the serving cell. The exact timing is up to UE. In contrast with LTE, the network does not need to provide a NR NTN UE with an absolute Timing Advance value. Instead, in NTN the network needs to secure that valid satellite ephemeris and Common TA parameters are provided for the target cell, either via broadcast, obtained from neighbour cell information in SIB19, or via dedicated signalling as part of the RRCReconfiguration message.

[bookmark: _Toc134774344]A valid SIB19 is sufficient for the UE in NTN to estimate and pre-compensate TA.

Regarding the FFS on how to perform RACH-less UL synchronization to NTN target cell, the same principle as in regular NTN (conditional) handover can be followed during NTN RACH-less handover, i.e., the UE shall acquire SIB19 from the target cell if T430 for the target cell expires, and the UE should attempt to re-acquire SIB19 before the expiry of the T430 by UE implementation.

[bookmark: _Toc134774353]Similar to regular NTN HO, during NTN RACH-less handover, the UE shall acquire SIB19 from the target cell if T430 for the target cell expires. It is up to UE implementation when to re-acquire SIB19 before the expiry of the T430.

2.3.3	Pre-allocated UL grant
Regarding release of pre-allocated UL grant, in LTE, if MAC indicates the successful reception of a PDCCH transmission addressed to C-RNTI and if rach-Skip is configured (i.e, RACH-less handover is successfully completed), the UE releases rach-Skip [6], when means the pre-allocated UL grant is released after successful RACH-less handover. This can be taken as baseline unless significant problems are identified.

[bookmark: _Toc134774345]In LTE the pre-allocated UL grant is released after successful RACH-less handover.
[bookmark: _Toc134774354]Reuse the LTE solution, i.e., release the pre-allocated UL grant after successful RACH-less handover, unless significant problems are identified.

2.3.4	Fallback mechanism
During RAN2#121bis-e, a few companies proposed the possible fallback to RACH-based HO (CBRA) after failing to use the allocated grant, either pre-allocated or dynamically allocated, provided that T304 has not yet expired. We consider that the sole purpose of introducing RACH-less handover in NTN is to mitigate congestion due to limited RACH resources. Hence, a fallback mechanism would probably worsen this problem if UEs, which have been allocated reserved resources, are allowed to use the already congested channel. Legacy mechanisms (e.g., RLF) are sufficient to deal with the exceptions when UEs cannot use their grants.

[bookmark: _Toc134774346]During RACH-less handover, there is no real benefit of a fallback to RACH-based handover in NTN.
[bookmark: _Toc134774355]RAN2 does not specify a fallback mechanism NTN RACH-less handover in Rel-18.


In addition, it was mentioned that the TimeAlignmentTimer (TAT) could be used to initiate this fallback mechanism or declare the failure of the RACH-less handover procedure. As explained before, in NTN, a UE can autonomously calculate and pre-compensate Timing Advance with sufficient accuracy to establish uplink synchronization with the target cell during handover. In contrast with LTE, there is no need to use TAT to control how long the UE considers the target cells to be uplink time aligned since TA’s validity depends on the remaining validity of SIB19 (T430). Thus, TAT expiration should not be a limitation in NTN RACH-less handover. In our understanding, this is a configuration issue; the network can simply configure a long enough TAT for the target cell so that the TAT does not expire before T304 expires.

[bookmark: _Toc134774356]In NTN RACH-less handover, network shall configure a long enough TimeAlignmentTimer for the target cell.

2.3.5	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 of the 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, no allocation should be expected out of the assigned window.

[bookmark: _Toc134774357]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: _Toc134774358]It is up to gNB implementation how to assign an optimal allocation and minimize reserved resources waste.

Another potential issue with RACH-less Conditional handover, briefly introduced in previous sections, is the starting of the TimeAlignmentTimer (TAT). This timer determines the length of time in which the MAC entity considers valid a received Timing Advance value. In LTE’s RACH-less handover, TimeAlignmentTimer (TAT) for the target cell is started after receiving the RACH-less handover command. For RACH-less conditional handover it needs to be further discussed when to start the TAT for a candidate target cell. The UE can only start UL transmission in the candidate target cell after T1 and can still communicate with the source cell before T1, while TAT for a candidate target cell is a configuration associated with the target cell, which should not be applied when the UE is still communicating with the source cell.

[bookmark: _Toc134774359]RAN2 to discuss when to start TAT for a candidate target cell during RACH-less Conditional handover.

2.4	Reusing PCI after service link switch
In RAN2#119bis-e, [7] proposed another mobility enhancement for a particular scenario: service link (satellite) switch in a quasi-Earth fixed cell whenever both satellites (leaving and incoming) are connected to the same gNB (see the following Figure). The core of the proposal is to reuse PCI during the service link switch, i.e., in the figure below, this means that both green and blue cells would have an identical PCI. The main advantage is that a UE does not have to perform a L3 Handover, with an obvious saving in signalling and processing power, and can continue using almost the same configuration (e.g., no key change). However, as noted by the authors of [7], UEs must perform anyways UL synchronization due to changed position of the satellites.
[image: ]
[bookmark: _Ref118368075]Figure 2. Service link switch in quasi-Earth fixed cells [2].

After further discussion in RAN2#121bis-e, the following agreement was reached: 
· 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 (as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18). 

Consequently, an LS has been sent to RAN1 to ask if there are any major technical issues with both the hard and soft service link switch. Therefore, we think RAN2 shall first wait for RAN1 reply before continuing the work on hard satellite switch. 
[bookmark: _Toc134774360]Postpone work on hard satellite switch until RAN2 receives LS response from RAN1 which confirms the technical feasibility.


3	Conclusions
In the previous sections we made the following observations: 
Observation 1	Quasi-earth fixed cell scenarios and feeder link switch in Earth-moving cell scenarios may involve a considerable signalling load during the RA procedure and during the handover preparation phase.
Observation 2	In a quasi-earth fixed cell and at a feeder link switch, most of UEs in the source cell will perform handover to the same target cell. Only UEs moving closer to the cell border may need to perform handover to a different target cell.
Observation 3	CHO mitigates the signalling load in the source cell since handover preparation information can be sent well in advance before the short overlap time between old (source) cell and new (target) cell, or before a feeder link switch.
Observation 4	Unlike CHO, group-based handover requires additional signalling between network and a group of UEs to trigger handover to the target cell. In addition to increased signalling, it may also raise security concerns.
Observation 5	Most information provided to each UE in the (C)HO command describing target cell configuration is identical for all UEs accessing the same target cell.
Observation 6	Certain target cell configurations such as C-RNTI or security keys need to be sent in a dedicated manner to each UE.
Observation 7	From a deployment perspective, during service link switch in a quasi-Earth fixed cell or a feeder link switch in an Earth-moving cell, it can be assumed that the source cell and the target cell will be configured almost identically.
Observation 8	Common (C)HO signalling broadcast or group-cast requires RAN3 involvement.
Observation 10	The validity of ephemeris and Common TA parameters obtained in the RRCReconfiguration message may expire before CHO execution.
Observation 11	Expiration of the uplink validity of the target cell ephemeris and common TA parameters before CHO execution might lead to increased handover failures.
Observation 12	In NTN RACH-less handover, for both intra- and inter-satellite cases, a UE can autonomously calculate and pre-compensate Timing Advance from its own location information, and satellite ephemeris and Common TA parameters broadcast by the network
Observation 13	A valid SIB19 is sufficient for the UE in NTN to estimate and pre-compensate TA.
Observation 14	In LTE the pre-allocated UL grant is released after successful RACH-less handover.
Observation 15	During RACH-less handover, there is no real benefit of a fallback to RACH-based handover in NTN.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Group-based handover for NTN is down-prioritized in Release 18.
Proposal 2	RAN2 will not specify mechanisms to reduce signalling overhead in NTN based on common target cell configuration, neither via broadcast nor groupcast.
Proposal 3	RAN2 to rely on and possibly optimize the delta configuration concept for the concerned NTN handover scenarios.
Proposal 4	Multiple sets of ephemeris and Common TA parameters, each with its own epoch (increasingly further into the future) and validity time can be transmitted in the CHO configuration message (RRCReconfiguration).
Proposal 5	In NTN RACH-less intra-satellite handover, network indicates explicitly when the Timing Advance (NTA) of the target cell is identical to the source cell.
Proposal 6	In NTN RACH-less inter-satellite handover, network indicates a value of zero for the Timing Advance (NTA) of the target cell.
Proposal 7	Similar to regular NTN HO, during NTN RACH-less handover, the UE shall acquire SIB19 from the target cell if T430 for the target cell expires. It is up to UE implementation when to re-acquire SIB19 before the expiry of the T430.
Proposal 8	Reuse the LTE solution, i.e., release the pre-allocated UL grant after successful RACH-less handover, unless significant problems are identified.
Proposal 9	RAN2 does not specify a fallback mechanism NTN RACH-less handover in Rel-18.
Proposal 10	In NTN RACH-less handover, network shall configure a long enough TimeAlignmentTimer for the target cell.
Proposal 11	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].
Proposal 12	It is up to gNB implementation how to assign an optimal allocation and minimize reserved resources waste.
Proposal 13	RAN2 to discuss when to start TAT for a candidate target cell during RACH-less Conditional handover.
Proposal 14	Postpone work on hard satellite switch until RAN2 receives LS response from RAN1 which confirms the technical feasibility.
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