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1. Introduction
In last meeting, RAN2 has initiated the first discussion on R18 NTN-TN and NTN-NTN mobility, and reached the following agreements: 
	Agreements:

1.
RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 

2.
RAN2 to work on assistance information that can be provided to NTN UEs for the above.

3.
Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios


In this paper, we will continue discussing the solutions for NTN mobility.
2. Discussion
2.1 NTN-TN cell reselection enhancements
Due to the large coverage of the NTN cell, there can be a large number of neighbouring TN cells. In real deployment the operators may want to ensure that UE prioritizes TN over NTN, as the NTN deployment is to be achieved step by step in the early phase and the user experience may be not as good as TN. In Rel-17, RAN2 discussed TN prioritization over NTN, and the agreement is to leave it to configuration. To achieve this purpose, TN cells can be configured with higher priority. However, the configuration of frequency priorities has not taken UE location into account, and the UE has to try to detect and measure all the TN neighbour cells of higher priorities even if there are no valid neighbour TN cells nearby.
In last meeting, it was approved that assistance information can be provided to NTN UEs so that measurements for TN’s coverage are performed only when relevant in RRC_IDLE/RRC_INACTIVE state. Avoiding unnecessary measurements helps reduce UE power consumption. RAN2 needs to further determine the details of the assistance information.
The main reason for “irrelevant measurements” is the large coverage of NTN cell, and the cell-specific system information cannot satisfy the specific measurement needs for each UE. To address this, more detailed configuration corresponding to the sub-area where UE is located would be beneficial. Normally, gNB can obtain geographical coverage information of TN and NTN cells belonging to same operator. Meanwhile the gNB has the PCI and frequency information of its own serving cells, and can exchange these information with neighbouring gNBs. With these deployment information, a large NTN cell can be divided into several small virtual areas according to some certain criteria (e.g., existence/difference of TN cell coverage). 
These virtual areas may be circular, square, or rectangular. Virtual area can be described by a centre point and a radius if it is a circle and the centre point can be represented by longitude and latitude. Virtual area can be described by a midpoint, as well as length and width if it is a rectangle and the midpoint can be represent by longitude and latitude too.

The NTN cell broadcasts assistant information about virtual areas and TN frequencies associated to each virtual area coverage. After UE receives the assistant information, UE can calculate which virtual area it belongs to according to its location information and the received assistant information. Further, UE can obtain TN frequency list specific to this virtual area, and perform the measurements accordingly. 
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Figure 1: NTN Virtual areas and TN frequencies
Figure2 shows an example: an NTN cell is divided into four virtual areas (virtual area 1, virtual area 2, virtual area 3, and virtual area 4) and TN information is illustrated as above. Correspondingly, the network will broadcast assistant information like below:
{{Virtual area 1: centre point, radius}, {F1,F2,F3}}, 
{{Virtual area 2: centre point, radius}, {F2,F5,F6}},
{{Virtual area 3: centre point, radius}, {F3,F4}},
{{Virtual area 4: centre point, radius}, {empty}}. 
For instance, {{Virtual area 1: centre point, radius}, {F1, F2, F3}} means there are 3 TN frequencies in virtual area 1, and UEs in virtual area 1 only measure F1, F2 and F3. As another example, UEs in Virtual area 4 do not need to detect or measure any TN neighbour cells.
Without the assistant information every UE needs to measure all the TN frequencies (namely F1, F2, F3, F4, F5, and F6 in Figure 1).

Proposal 1: NTN cell can be divided to several virtual areas based on certain criteria. The virtual areas and the corresponding TN frequency information are broadcast as assistance information to help UE perform more accurate TN measurements.
2.2 Moving cell reselection enhancements 
In last meeting, this is an FFS to be addressed: FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios.
We will continue discussing the earth-moving cell resection enhancements.
Compared with time-based reselection, we think location-based reselection is more suitable for moving cell, because the remaining serving time is different for UEs located at different places and it is difficult to broadcast a t-Service on an earth-moving cell basis as in quasi-fixed cells.
Observation 1: Time-based reselection is not feasible for moving cell scenarios as the remaining time is different for different UEs. Location-based reselection should be further studied.
For moving cells, the reference location is also needed in Earth-moving scenario because if the satellite with moving beam provides more than one cell, the reference location cannot be simply deduced as the location under the satellite. 
The reference location of quasi-earth fixed cell is static while that of earth moving cell is changing continuously with the movement of the satellite. Therefore when the network broadcasts reference location information for the earth moving cell, a time information is also required to indicate the time of the reference location. The epoch time in NTN-Config may be reused to indicate the time of the reference point, or a new explicit time information need to be introduced to indicate the time of the reference point in system information.   

Obviously the trajectory of the reference location is the same as that of the satellite because the satellite beam is moving with the satellite in earth-moving cell scenario. Hence, it is important for the UE to get the real-time reference location according to ephemeris data, epoch time and reference location in system information, then the location-based reselection for quasi-fixed cells can be easily reused. 
Proposal 2: To enable location-based reselection for moving cells, a reference location and a time information need to be broadcast, and UEs need to calculate the real-time reference location based on ephemeris data, time information and reference location information in system information.
2.3 NTN-NTN HO enhancements

In this section, we provide our consideration on the following objective [1]:

	Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]


The cases for quasi-earth-fixed cell are slightly different with the moving cell.

1) In quasi-earth-fixed cell, satellite can provide fixed beam coverage on the ground for a limited period of time. Considering the large coverage size of NTN cell, there may be a large number of UEs in the cell. When the satellite stops serving the area and another target satellite takes over, all of the served UEs need to be handed over to the new cell in a short time, leading to massive signalling overhead. 
2) In moving cell, since the coverage of the satellite is sliding smoothly on the ground, only UEs located at the coverage boundaries between the current satellite and incoming satellite need to perform HO. Since the served UEs will HO in batches, there will not be a burst of handover signalling (unless the density of served UEs is very high), and the R17 mechanism still works well.

3) For both quasi-earth fixed call and moving cell, when the feeder link switch takes place, for instance the satellite switches from GW1 to GW2 (i.e., gNB1 to gNB2, considering RAN2 agreed in R17 to prioritize the case where gNB is co-located with the GW), all served UEs will need to be handed over from gNB1 to gNB2 at the same time. This will also bring much signalling overhead.

In our understanding, RAN2 should firstly focus on the scenario where a large number of UEs are handed over at the same time.
Proposal 3: Focus on the scenario where a large number of UEs are handed over at the same time (i.e., quasi-earth-fixed scenarios, and FL switch scenarios).
Group handover has been raised to mitigate the signalling overhead in last meeting. One possible solution of group handover is that the network firstly sends group command i.e., PDCCH scrambled with G-RNTI, including target cell common configuration. And then the network sends dedicate signalling including UE-specified configuration in the form of RRCReconfiguration to UE.  In this solution, group handover won’t reduce signalling numbers, it only reduces the size of signalling.
In legacy handover procedure, the network can already use the delta configuration to reduce the signalling overhead. In our understanding, cell common configuration between two adjacent satellites is almost the same. So delta configuration between two adjacent satellites may contain only a few fields. In this sense, sending delta configuration of cell common configuration can reduced signalling overhead as well, and the advantage of group HO compared with using delta configuration between satellite is unclear to us.
Observation 2: Sending delta configuration of cell common configuration can reduce the signalling overhead.
To progress further, we can study how much signalling overhead can be reduced by group handover or by sending delta configuration in dedicated signalling. If the gains are similar, there is no need to introduce group handover.
Proposal 4: RAN2 further study the extra benefits of group HO in terms of signalling overhead reduction compared with existing handover by delta configuration.
For the quasi-earth fixed cell scenario, we think the gNB can serve the same area even if the satellites connected to the gNB have changed, as the WI assumes transparent satellites. As shown in Figure 2, when the target satellite serves the same area with the previous satellite, the UE can assume the cell remains the same, so that HO command can be reduced. In addition, the UE can still use the configuration from the previous cell. Therefore, the signalling overhead can be significantly reduced since the source gNB does not need to send the HO commands to all the served UEs when the switching of satellites takes place. Note that UE should access the cell again for UL timing and frequency synchronization with the new satellite due to the change of the position of the satellites.
[image: image2.png]~
-~
Cell1




Figure 2 quasi-earth-fixed cell
Proposal 5: In quasi-earth fixed cell scenarios, the PCI remains the same after the switching of satellites. 
RACH-less was raised in last meeting to reduce congestion when all UEs needs to synchronize to the target cell.
RACH-less means skipping random access procedure during handover. In LTE, RACH-less has been introduced, but it can only be supported when NTA=0 or when NTA from the source eNB can be reused. In other words, target eNB has same TA with source eNB with or target eNB has TA value equal to zero. 
But in NTN, UE applies a UE specific different TA and a common TA. UE specific TA is computed by UE based on UE position and serving-satellite position. Common TA is derived from higher-layer parameters.  So in NTN TA is not zero in NTN. 
Only in intra-gNB handover without the change of satellite scenario, target cell’s TA could be same with the source, because target satellite and NTN-GW are the same with source. In other handover scenarios, at least one of the serving link or the feedback link changes during handover, therefore the source TA is different from the target TA. If NTN reuses the RACH-less principle about TA of LTE, network only can configure RACH-less when perform intra-gNB handover without the change of satellite. But intra-gNB handover without the change of satellite only happens when UE is moving from one cell to another cell. In this case, we think only a portion of the served UEs will perform the handover. Therefore the target cell should have sufficient resources for the UE to perform random access. It is unnecessary to configure RACH-less for intra-gNB handover without the change of satellite.
Observation 3: If NTN reuses RACH-less principle of LTE, RACH-less can only be supported in intra-gNB handover without the change of satellite scenario. 
Proposal 6: LTE RACH-less solution is not feasible to NR NTN as TA needs to be zero or TA needs to be same with the source node during handover. 
Some companies has provided a solution that UEs can compute TA of the target cell by itself before access the target cell via the uplink grant allocated to UE during handover in NTN.  But whether TA computed by UEs is accurate enough to perform RACH-less HO needs RAN1 and RAN4 evaluation.
Proposal 7: The solution of UE calculated TA for RACH-less HO needs RAN1/RAN4 evaluation. 
3. Conclusion
In this paper, we discuss mobility enhancements for Rel-18 NTN. The following observations and proposals are provided:
For NTN-TN reselection:
Proposal 1: NTN cell can be divided to several virtual areas based on certain criteria. The virtual areas and the corresponding TN frequency information are broadcast as assistance information to help UE perform more accurate TN measurements.
For moving cell reselection enhancements:
Observation 1: Time-based reselection is not feasible for moving cell scenarios as the remaining time is different for different UEs. Location-based reselection should be further studied.
Proposal 2: To enable location-based reselection for moving cells, a reference location and a time information need to be broadcast, and UEs need to calculate the real-time reference location based on ephemeris data, time information and reference location information in system information.

For NTN-NTN HO:
Proposal 3: Focus on the scenario where a large number of UEs are handed over at the same time (i.e., quasi-earth-fixed scenarios, and FL switch scenarios).
Observation 2: Sending delta configuration of cell common configuration can reduce the signalling overhead.
Proposal 4: RAN2 further study the extra benefits of group HO in terms of signalling overhead reduction compared with existing handover by delta configuration.
Proposal 5: In quasi-earth fixed cell scenarios, the PCI remains the same after the switching of satellites. 
Observation 3: If NTN reuses RACH-less principle of LTE, RACH-less can only be supported in intra-gNB handover without the change of satellite scenario. 

Proposal 6: LTE RACH-less solution is not feasible to NR NTN as TA needs to be zero or TA needs to be same with the source node during handover. 
Proposal 7: The solution of UE calculated TA for RACH-less HO needs RAN1/RAN4 evaluation. 
4. Reference
[1] RP-222654, NR NTN (Non-Terrestrial Networks) enhancements, Thales[image: image3.png]



3GPP


