Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #120	R2-2212946
Toulouse, France, 2022-11-14 – 2022-11-18

Agenda Item:	8.7.4.2
Source:	Ericsson
Title:	Handover enhancements
Document for:	Discussion, Decision
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) 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 the 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: _Toc118444947]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]. 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. For instance, in quasi-Earth fixed cell 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 the cell edge may need to perform handover to a different target cell.

[bookmark: _Toc118196486][bookmark: _Toc118444948]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-17 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 serving cell stop time and the short period of overlap, CHO and the time-based trigger condition is a well-suited concept for the described problematic in the above NTN scenario(s).

[bookmark: _Toc118196487][bookmark: _Toc118444949]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: _Toc118444950]Unlike CHO, group-based handover requires additional signalling between network and a group of UEs to trigger handover to the target cell and may raise security concerns.

Given the above benefits of CHO, 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: _Toc118444958]RAN2 to focus on CHO enhancements to reduce HO signalling overhead in NTN.

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 and there is potential for optimization. This concerns most of the target cell parameters included in servingCellConfigCommon and in ntn-Config IEs as well as also CHO related information such as the CHO execution conditions.

[bookmark: _Toc118196489][bookmark: _Toc118444951]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.

In this way, methods can be explored to provide common target cell configuration to each UE in a non-dedicated manner. For instance, common target cell configuration can be broadcast in System Information. 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: _Toc118444952]Certain target cell configurations such as C-RTNI or security keys need to be sent in a dedicated manner to each UE.

Group-based handover proposes to reduce signalling overhead by sending common information to a 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 information in System Information might be a leaner approach since it applies to all UEs in the cell.

[bookmark: _Toc118444953]Group-based handover distributes common information on a per group basis which might entail more signalling overhead than broadcasting in System Information.

Finally, UEs moving closer to the cell border of a neighbour cell can be an exception as described in the background section. In this case, the network can simply configure a (dedicated) CHO location-based trigger condition for the concerned candidate target (neighbour) cell that may complement the common configuration.

[bookmark: _Toc118196492][bookmark: _Toc118444959](C)HO common target cell configuration is broadcast in System Information.

2.1.2.3	Delta configuration
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 might be assumed that, from a deployment perspective, both might be configured identically.

[bookmark: _Toc118196490][bookmark: _Toc118444954]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.

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. As a result, the size of the System Information message and the SI acquisition time are shorter, which gives better efficiency.

[bookmark: _Toc118196493][bookmark: _Toc118444960]Delta configuration between leaving and incoming cells is used to broadcast (C)HO common target cell information in System Information.

2.1.2.4	Reduced size of HO command
Sending common target cell configuration in System Information leads to a reduction of the (C)HO command size which needs only to carry UE-specific configuration. However, the legacy ASN.1 structure of the (C)HO command (reconfigurationWithSync) implies that the size of the RRC message will anyway be significant with only the UE unique configuration provided in the message. Therefore, as a mean to further decrease the size of the (C)HO command and thereby reduce the signalling load, the RRC message can potentially be optimized for the concerned NTN scenarios to only carry the minimum information, i.e., to only include the UE unique configuration such as C-RNTI and new security keys.

[bookmark: _Toc118196494][bookmark: _Toc118444961]Optimizing the (C)HO command for the concerned NTN scenarios so that only the UE unique configuration is carried in the RRC message.

2.2	Reusing PCI after service link switch
In RAN2#119bis-e, [4] proposed another mobility enhancement for a particular scenario: service link switch in a quasi-Earth fixed cell whenever both satellites (leaving and incoming) are connected to the same gNB (see Figure 1). The gain is that a UE does not have to perform handover 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. Besides, this enhancement is only valid for a very specific scenario.

[bookmark: _Toc118444955]Reusing PCI after service link switch is only valid in limited scenarios.

[image: ]
[bookmark: _Ref118368075]Figure 1. Service link switch in quasi-Earth fixed cells [5].

This topic continued in an offline discussion [6] 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 the same PCI during service link switch is not a new question since it was briefly touched upon in early Rel-17 development. In RAN2#112-e, this was discussed during the offline [5] 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: _Toc118444956]The current assumption that service link switch implies L3 mobility was taken at RAN2#112-e.

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 [7]:
· 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. Regarding service link soft switch, if both cells have the 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: _Toc118444957]Reusing the same PCI during a service link soft switch increases the complexity in both UE and network sides.

[bookmark: _Toc118444962]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 and may 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	Group-based handover distributes common information on a per group basis which might entail more signalling overhead than broadcasting in System Information.
Observation 8	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 9	Reusing PCI after service link switch is only valid in limited scenarios.
Observation 10	The current assumption that service link switch implies L3 mobility was taken at RAN2#112-e.
Observation 11	Reusing the same 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 focus on CHO enhancements to reduce HO signalling overhead in NTN.
Proposal 2	(C)HO common target cell configuration is broadcast in System Information.
Proposal 3	Delta configuration between leaving and incoming cells is used to broadcast (C)HO common target cell information in System Information.
Proposal 4	Optimizing the (C)HO command for the concerned NTN scenarios so that only the UE unique configuration is carried in the RRC message.
Proposal 5	Confirm the assumption that service link switch implies L3 mobility in Rel 18.
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