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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 important 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 (as discussed in a previous meeting [3] and section 2.2), while the increased signalling load during the handover preparation phase needs to be addressed with another measure(s).

[bookmark: _Hlk118115726][bookmark: _Toc118196485][bookmark: _Toc131715036]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, 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: _Toc131715037]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: _Toc131715038]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 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] is less efficient because it requires an additional group specific indication to trigger each UE to perform handover. Unlike group-based HO, conditional handover is also comparable to regular handover concept from a security point of view.

[bookmark: _Toc118196488][bookmark: _Toc131715039]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: _Toc131715046]RAN2 to prioritize CHO enhancements over group-based handover.


2.1.2.2	Common target cell configuration
In the handover scenarios presented 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: _Toc131715040]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: _Toc131715041]Certain target cell configurations such as C-RNTI or security keys need to be sent in a dedicated manner to each UE.
[bookmark: _Toc131715042]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. This alternative was discussed during RAN2#119-e and RAN2#121 reaching the following agreements:
· 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.
· Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.

[bookmark: _Hlk131700022][bookmark: _Hlk131698956]Regarding possible signalling gains, the servingCellConfigCommon IE is the main source of potential optimizations. However, comparing the relative size of the servingCellConfigCommon IE (approximately 500 bits in full configuration) to the size of the whole RRCReconfiguration message containing reconfigurationWithSync and the servingCellConfigCommon IE (at least 500 bytes in full configuration), it is unclear to us if such solution to provide common target cell configuration would yield any tangible benefit. In addition, 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. It shall also be observed that the already existing delta configuration concept reduces the size of the (C)HO command in a similar way.

[bookmark: _Toc131715043]The potential gain of providing common target cell configuration in the source cell does not offset the increased complexity for the network and UEs.

[bookmark: _Toc131715047]RAN2 will not specify mechanisms to reduce signalling overhead in NTN based on common target cell configuration, neither via broadcast nor group-cast.


2.2	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

The objective of this section is to address the remaining FFS.
2.2.1	TA acquisition and network indication
A key component of RACH-less handover is time synchronization, i.e., the UE holding a correct value for the target cell Timing Advance. There are two possible TA values for the target cell in LTE’s RACH-less, and it is provided by the network in the RRCConnectionReconfiguration message within the MobilityControlInformation IE and the RACH-Skip-r14 type identifier.

---------------------------------------------- 36.331 ----------------------------------------------
RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		mcg-PTAG-r14						NULL,
		scg-PTAG-r14						NULL,
		mcg-STAG-r14					STAG-Id-r11,
		scg-STAG-r14					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16))
	}																OPTIONAL	-- Need OR
}
---------------------------------------------- 36.331 ----------------------------------------------


Figure 1. Illustration of timing relationship in NTN [2].

As shown in Figure 1, NR NTN UEs autonomously calculate and pre-compensate Timing Advance () from their own location information, and satellite ephemeris and Common TA parameters broadcast by the network. This information is sufficient to establish uplink synchronization with the serving cell and with the target cell upon handover. In contrast with LTE, the network does not need to provide a NR NTN UE with a Timing Advance value or configuration such as targetTA-r14. 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. Given that Timing Advance acquisition for a NR NTN UE would not differ between regular handover and RACH-less handover, there is no need for further enhancements to support TA acquisition in NTN RACH-less handover. 

[bookmark: _Toc131715044]In NTN, the mechanism to acquire the Timing Advance of the target cell is identical for regular and RACH-less handover.

[bookmark: _Toc131715048]No further enhancements are needed for a UE to acquire the Timing Advance of the target cell in NTN RACH-less handover.

The second FSS relates to the need of an implicit or explicit network indication when the source and the target cell have identical Timing Advance values. Table 1 shows the change in the value of Timing Advance for the four scenarios considered for RACH-less handover in NTN [4]. The only case when the Timing Advance remains constant is when the UE performs an intra-satellite switch/handover with the same gateway. In this case, the serving satellite and gateway do not change between source and target cell, thus UE has already sufficient information to establish uplink synchronization in the target cell since it needs ephemeris and common TA parameters to communicate with the serving satellite.

	Scenario
	Same satellite
	Different satellite

	Same Gateway
	TA remains the same
	Change in UE-specific TA and possibly Common TA

	Different Gateway
	Change in Common TA
	Change in UE-specific and Common TA


Table 1. Timing Advance change for the different NTN switch scenarios.

During the online discussion, it was argued that an implicit indication could be possible by just omitting ntn-Config-r17 in the RRCReconfiguration message that contains the Handover Command. Nonetheless, this set unnecessary limitations on when the network may include ntn-Config-r17 in the RRCReconfiguration message, so an explicit indication would be more flexible and clearer.

[bookmark: _Toc131715049]Like in LTE, network indicates explicitly when the Timing Advance of the target cell is identical to the source cell upon NTN RACH-less handover.

2.2.2	RACH-less and Conditional Handover
An attractive option to optimize the potential signalling overhead and random-access channel congestion upon service or feeder link switch would be to combine two existing mechanisms: Conditional Handover (CHO) and RACH-less HO. This would also lead to better robustness and reduced handover interruption time. Common synergies are evident for time-based triggered CHO since the target gNB is aware of the configured time window when a UE should execute the handover and can schedule UL grants in PDCCH accordingly with minimum resource waste. Nonetheless, the usability of location-based trigger is less straightforward. Therefore, RAN2 should look first for a suitable solution for time-based triggered CHO and later study the applicability of location-based trigger.
[bookmark: _Toc131715050]RAN2 to study the combination of RACH-less handover and time-based triggered CHO. FFS if location-based triggered CHO can be combined with RACH-less handover.

2.3	Reusing PCI after service link switch
In RAN2#119bis-e, [5] 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 2). 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 [5], 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].

During RAN2#120, a few companies clarified that this enhancement would only be suitable for the hard service link hard switch which does not have a period of overlap between the new incoming and the expiring outgoing cells, i.e., the blue and green cells in the previous figure, respectively. This specific scenario would not increase complexity since UEs would not receive identical SSBs from different satellites simultaneously, e.g., in the figure, the green cell disappears before the blue cell is available. As a result, the following working assumption 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.

A few companies showed concern about the introduction of a new scenario, service link hard switch, which was neither captured during the Study Item phase nor considered during Release 17. In fact, previous NTN RRC_IDLE mode enhancements assume that there is a small period of overlap between incoming and outgoing cells in a service link switch when UEs can measure the new cell prior to reselection. Thus, in a hard switch, Release 17 UEs might waste power in useless measurements before t-service-r17 expiration because the new cell is not still available and might also behave unexpectedly (e.g., declare RLF) depending on the length of the interruption.
[bookmark: _Toc131715045]Release 17 UEs are not optimized for hard switches, either service or feeder link.
Hard feeder link switch is included in the scope of Release 18 NTN enhancements, and we understand that, practically, the service link hard switch scenario would be quite similar. However, it would be clearer to get a confirmation from RAN1 of the suitability of this scenario and the impacts of re-using the same PCI before proceeding with the working assumption.
[bookmark: _Toc131715051]Send LS to RAN1 to confirm the suitability of the service hard link switch scenario and the possibility to re-use PCI upon hard service link switch.
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	The potential gain of providing common target cell configuration in the source cell does not offset the increased complexity for the network and UEs.
Observation 9	In NTN, the mechanism to acquire the Timing Advance of the target cell is identical for regular and RACH-less handover.
Observation 10	Release 17 UEs are not optimized for hard switches, either service or feeder link.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to prioritize CHO enhancements over group-based handover.
Proposal 2	RAN2 will not specify mechanisms to reduce signalling overhead in NTN based on common target cell configuration, neither via broadcast nor group-cast.
Proposal 3	No further enhancements are needed for a UE to acquire the Timing Advance of the target cell in NTN RACH-less handover.
Proposal 4	Like in LTE, network indicates explicitly when the Timing Advance of the target cell is identical to the source cell upon NTN RACH-less handover.
Proposal 5	RAN2 to study the combination of RACH-less handover and time-based triggered CHO. FFS if location-based triggered CHO can be combined with RACH-less handover.
Proposal 6	Send LS to RAN1 to confirm the suitability of the service hard link switch scenario and the possibility to re-use PCI upon hard service link switch.
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