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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
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 important in the following scenarios:
· Service link switch in quasi-earth fixed cells.
· Feeder link switch in Earth-moving cells.
2.1	Reduction of signalling overhead during handover
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 (as discussed in a previous meeting [3]), while the increased signalling load during the handover preparation phase needs to be addressed with another measure(s).

[bookmark: _Hlk118115726][bookmark: _Toc118196485][bookmark: _Toc127483797]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 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 close to the cell border and moving away from the reference location, i.e., the centre of the serving cell. For instance, in a quasi-Earth fixed cell and service link switch scenario, the upcoming satellite might have a smaller cell footprint and 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: _Toc127483798]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 sending the target cell configuration to each UE. 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 well-suited concepts for the signalling congestion and overhead problematic described in the above NTN scenario(s).

[bookmark: _Toc118196487][bookmark: _Toc127483799]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 is fulfilled. In other words, once the UE has been provided with a CHO trigger condition, no additional signalling is required between source node and UE for the procedure to complete successfully. In contrast, the group-based handover concept discussed during RAN2#119bis-e [3] is less efficient because it requires an additional group specific indication. Unlike group HO, conditional handover is comparable to regular handover concept from a security point of view.

[bookmark: _Toc118196488][bookmark: _Toc127483800]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 above benefits of CHO over group-based handover, we propose RAN2 to use CHO as a basis for the continued discussions on signalling overhead reduction and thus to further optimize the CHO concept for the quasi-earth fixed and Earth-moving cell scenarios.

[bookmark: _Toc118196491][bookmark: _Toc127483809]RAN2 to prioritize CHO enhancements.


2.1.2.2	Common target cell configuration
As mentioned 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. During RAN2#119-e, the following was agreed:
· RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this.

The target cell configuration provided to each UE in the (C)HO command (reconfigurationWithSync) is identical which gives a potential for optimization. This concerns most of the target cell parameters included in servingCellConfigCommon and ntn-Config IEs as well as CHO related information such as the CHO execution conditions. Only the EphemerisInfo IE within ntn-Config IE requires 130 bits for the position/velocity format or 161 bits for the orbital element alternative. 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.

[bookmark: _Toc118196489][bookmark: _Toc127483801]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: _Toc127483802]Certain target cell configurations such as C-RTNI or security keys need to be sent in a dedicated manner to each UE.

During service link switch in a quasi-Earth fixed cell or a feeder link switch in an Earth-moving cell, the target cell just replaces the source cell in the same geographical area. Therefore, it is a reasonable assumption that, from a deployment perspective, both cells might be configured identically or very similarly. The configuration similarity gives the possibility to further reduce the signalling using only a delta configuration, i.e., a minimum set of parameters that may be different between the two similar cells.

[bookmark: _Toc127483803]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.

Group-based handover proposes to reduce signalling overhead by sending common information to a fixed group of UEs. Therefore, this common information may be transmitted several times for different UE groups, having as a result a certain avoidable signalling overhead. In contrast, the method to broadcast target cell common HO information in System Information might be a leaner approach since it applies to all UEs in the cell. Still, RAN2 needs to proceed carefully and study and quantify the possible signalling gains of this method or any other alternative.

[bookmark: _Toc127483804]Group-based handover distributes common information on a per group basis which might entail more signalling overhead than broadcasting in System Information.

[bookmark: _Toc118196492][bookmark: _Toc127483810]RAN2 to study and quantify the signalling gains of broadcasting (C)HO common target cell configuration in System Information.


2.2	RACH-less Handover
2.2.1	Background
RACH-less Handover is an optimization introduced for LTE in Release 14 that allows a UE to skip random access to the target cell during connected mode mobility provided that the UE knows the target cell’s Timing Advance (TA) in advance. The source eNB provides the UE with the target cell TA value in RRCConnectionReconfiguration message. Supported TA values are 0 (small cells) or the same TA value as the serving cell (in collocated cells). Once the TA is known, the UE accesses the target cell via UL grants for Msg3 transmission which can be:
· Pre-allocated repetitive UL grants in RRCConnectionReconfiguration.
· Dynamically scheduled through PDCCH, i.e. UE shall monitor the channel in the target cell

2.2.2	Applicability to NTN
The applicability of RACH-less Handover to NTN was initially discussed during Release 17, although it was finally down-prioritized. In the context of Release 18, the topic of RACH-less Handover restarted during RAN#119bis-e, when most companies showed sympathy to introduce such solution for NR NTN. As a result, an LS was sent to RAN1 [4] to confirm the scenarios (intra/inter satellite within the same or to a different gNB) where the mechanism would be suitable. In their response, RAN1 confirms [5] that RACH-less handover intra-gNB is possible and inter-gNB may be possible, given that UE has valid assistance information and fulfils the specified requirements.
RAN1 response
For scenario (1), from RAN1 perspective the RACH-less handover is possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
For scenario (2)-(4), from RAN1 perspective the RACH-less handover may be possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
Note 1: RAN1 assumes that the RAN4 UL synchronization requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell.
Note 2: gNB is expected to provide valid assistance information of the target cell to UE.
Note 3: gNB is expected to ensure the UE can perform the UL transmission while respecting common TA and UE processing time.


From RAN2’s perspective, handover enhancements specified in NTN during Release 17 already provide the UE with the necessary valid assistance information as required by RAN1 in their LS (e.g., epoch time, ephemeris, common TA), i.e., the target cell SIB19 can be included in the RRCReconfiguration message. This holds regardless of the type of handover, i.e., either intra- or an inter-satellite handover within the same or to a different gNB. Thus, given RAN1’s response and the associated benefits (e.g., signalling reduction, decrease PRACH congestion, RA collision, and interruption time), RACH-less HO is technically feasible and should be supported in NR NTN Release 18.

[bookmark: _Toc127483805]RACH-less handover reduces signalling overload, PRACH load, RA collision rate and interruption time.

[bookmark: _Toc127483811]Support RACH-less Handover in Rel-18.

During the online session of RAN2#120, it was pointed out that RACH-less handover is being discussed as a possible solution in the Release 18 Further NR Mobility Enhancements WI [6] using L1/L2 Trigger Mobility (LTM). A similar argument was given in [7] on a broader context. However, the Release 18 Further NR Mobility Enhancements WI has a completely different use-case than NTN, i.e., it only considers the intra-gNB scenario. Besides, it is also too early to tell whether anything from the ongoing specification work of LTM could be used in NTN. If anything could be re-used, it would probably have to wait until next release. In addition, as described in previous sections, NTN scenarios includes different scenarios which require L3 mobility. Therefore, NTN RACH-less handover discussions should be solely based on the core mechanism specified in LTE.

[bookmark: _Toc127483812]RACH-less Handover in NR NTN is based on LTE’s RACH-less Handover which implies L3 mobility.

Legacy RACH-less handover functionality needs to be enhanced to support NTN. The source node can only provide the UE with two TA values: zero or same as the serving cell, but this would not be necessary in NTN since, whenever the appropriate satellite assistance information is available, a UE can autonomously calculate its TA. In addition, a TA value of zero is meaningless in this context. Thus, network needs only to signal a simple indication to the UE whether the target cell TA is identical to the serving cell (intra-satellite HO), or the UE needs to calculate a new TA from the provided satellite assistance information (inter-satellite HO).

[bookmark: _Toc127483813]In NTN RACH-less handover, network indicates whether TA in the target cell is identical to the source cell or needs to be calculated by UE from the provided satellite assistance information.
2.3	Reusing PCI after service link switch
In RAN2#119bis-e, [9] 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 Figure 1). 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. However, as noted by the authors, UEs must perform anyways UL synchronization due to changed position of the satellites.

[bookmark: _Toc127483806]Reusing PCI after service link switch is only valid when both satellites are connected to the same gNB.

[image: ]
[bookmark: _Ref118368075]Figure 1. Service link switch in quasi-Earth fixed cells [2].

The discussion continued offline [10] where more than a half of the companies showed sympathy for the solution. As a result, the following was agreed:
· RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 
· RAN1 impact
· The need to perform UL beam switching and/or RA 
· Applicability to hard or soft satellite switching

Reusing PCI during service link switch is not a new question and it was briefly touched upon in early Rel-17 development. In RAN2#112-e, this topic was discussed during an offline [10] leading to this agreement:
· RAN2 will continue working with the assumption that service link switch implies L3 mobility (meaning that at least in case the SSBs are on the same sync raster point the PCIs need to be different). Check if an LS to RAN1 asking for feasibility of having same PCI as well can be agreed

[bookmark: _Toc127483807]Reusing PCI during service link switch was discussed in RAN2#112-e where it was agreed that service link switch implies L3 mobility.

After the initial agreement, the discussion continued online and met strong opposition. The main argument was that this optimization is indeed within RAN1’s scope. The following was captured in the chair notes [11]:
· No LS to RAN1 on this is sent from this meeting.  We can come back to this in the future if needed.

On the technical side, the solution might be suitable for the service link hard switch scenario, although soft switch has been the focus in Rel-17 mobility enhancements. Hard switch refers to a simultaneous and sudden change, i.e., the outgoing cell stops service, and the incoming cell starts service at the same time. Soft switch refers to the scenario where the two cells, outgoing and incoming, coexist during a short transition period. Regarding service link soft switch, if both cells have same PCI and identical SSBs sync raster point, there may be SSB timing confusion and increased UE complexity on SSB detection and decoding. This solution would increase the complexity on the network side because it requires the gNB to either repeat the SSB beams of the SSB burst in both satellites, or use only part of SSB beams in each satellite. The cause is the delay difference between feeder and service links for both satellites. In addition, at the UE, it is not clear whether the timing of the SSB beams within the same burst can be kept, and a cell internal reconfiguration with sync is needed anyways. For those reasons, the trade-off between solution’s complexity and benefits is not positive, so RAN2 should focus its efforts on L3 mobility enhancements during Rel-18.

[bookmark: _Toc127483808]Reusing PCI during a service link soft switch increases the complexity in both UE and network sides.

[bookmark: _Toc127483814]Confirm the assumption that service link switch implies L3 mobility in Rel-18.



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-RTNI 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	Group-based handover distributes common information on a per group basis which might entail more signalling overhead than broadcasting in System Information.
Observation 9	RACH-less handover reduces signalling overload, PRACH load, RA collision rate and interruption time.
Observation 10	Reusing PCI after service link switch is only valid when both satellites are connected to the same gNB.
Observation 11	Reusing PCI during service link switch was discussed in RAN2#112-e where it was agreed that service link switch implies L3 mobility.
Observation 12	Reusing PCI during a service link soft switch increases the complexity in both UE and network sides.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to prioritize CHO enhancements.
Proposal 2	RAN2 to study and quantify the signalling gains of broadcasting (C)HO common target cell configuration in System Information.
Proposal 3	Support RACH-less Handover in Rel-18.
Proposal 4	RACH-less Handover in NR NTN is based on LTE’s RACH-less Handover which implies L3 mobility.
Proposal 5	In NTN RACH-less handover, network indicates whether TA in the target cell is identical to the source cell or needs to be calculated by UE from the provided satellite assistance information.
Proposal 6	Confirm the assumption that service link switch implies L3 mobility in Rel-18.
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