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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:
· “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.”
And for cell reselection enhancements, the following aspects:
· “For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point.”
· “Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized).”
In this paper, we address the aspects above.
[bookmark: _Ref178064866]2	Discussion
2.1	RACH-less handover
RACH-less handover was introduced as part of the mobility enhancements WI in LTE Rel-14. In Rel-16, RACH-less handover was also discussed in the NR mobility enhancement WI but was eventually excluded after extensive discussions. In Rel-17 RACH-less handover was discussed for NR NTN but was down-prioritized although a majority of the companies in RAN2 wanted to further study the concept.
The RACH-less handover concept basically means that Msg1 and Msg2 are excluded in the random access procedure and that the first transmission in the target cell is the message confirming the completion of the handover. In the absence of a random-access procedure, UL transmission resources for the first message in the target cell are allocated either through pre-allocated UL grants, or by dynamically allocated UL grants in the target cell without preceding scheduling requests. 
2.1.1	RACH-less HO for NTN
In both MEO and LEO based deployments, mobility in idle and connected mode is expected to be heavily impacted due to the rapid satellite movements. As an example, from TR 38.821 [2], a UE served by a LEO satellite with a cell diameter size of 50 km, will be forced to perform handover already after 6.61 seconds. In such a deployment scenario, the total number of handovers per second will likely be very high and cause a significant signalling load in the network also in cells with low UE densities. Even with a network configuration that maximizes the available PRACH opportunities in the target cell, the collision rate at RA will likely be very high. If we then also consider attach attempts from all the other UEs in the cell (i.e., other UEs than the ones performing handover into the cell), the collision rate in the cell will increase even more.
[bookmark: _Toc115430882]Satellite movements cause a high frequency of handovers and an increase collision rate during the random-access procedure
During a RACH-less handover, the random-access procedure and therefore the RAR message is skipped in the target cell, so the target gNB cannot determine a precise timing advance (TA) for the UE. Hence, RACH-less handover is limited to scenarios where the TA is known in advance. In practice, this means scenarios where the TA in the target cell is either the same as in the source cell, or deployment scenarios where the target cell is so small that the TA can be assumed to be always 0.
[bookmark: _Toc115430883]RACH-less handover is limited to scenarios where the TA is known (or predictable).
For an intra-satellite HO, the difference in propagation delay between the source cell and the target cell will be close to zero since the distance from the UE to the satellite remains the same throughout the handover. Thus, intra-satellite HO seems like an appropriate use case when to make use of the RACH-less handover procedure.
[bookmark: _Toc115430884]For intra-satellite HO, the difference in propagation delay between the source and the target cell is zero
One of the reasons for excluding RACH-less handover from the NR mobility enhancement work back in Rel-16 was the difficulties of estimating the TA difference between the serving cell and the target cell. Now in NTN, with the assumption that all NTN UE´s are GNSS capable and satellite ephemeris information is broadcast in System Information, the UE will not only be able to estimate its TA to the serving cell in the serving satellite, but it will also be able to estimate its TA to a target cell in a different satellite. Therefore, the use of RACH-less handover with a TA based on UE estimates should also be considered for inter-satellite HO.
[bookmark: _Toc115430885]For inter-satellite HO, the UE can accurately estimate the difference in propagation delay between the source cell and the target cell
It is believed that the RACH capacity will be limited even in sparsely populated areas due to the expected cell size in NTN (compared to TN). RACH-less handover will offload the PRACH resources and thus reduce the collision rate in the target cell. It also has the potential to reduce the interruption time since it is possible to use dense pre-allocated UL grants in the HO command.
In summary, RACH-less handover could result in minimized interruption times, reduced signalling overload and decreased RACH load in the target cell.
[bookmark: _Toc115430886]RACH-less handover will reduce signalling overload, reduce PRACH load and decrease RA collision rate in the target cell
[bookmark: _Toc115430892]RAN2 to work in adapting RACH-less handover to NR NTN in Rel-18

2.2	Reduction of signalling overhead during handover preparation phase
Before expiration of the cell serving time (t-service), in a quasi-earth fixed cell scenario, a vast majority of the UEs in the source cell need to perform handover to the same target cell, replacing the coverage area of the source cell, within a very short time period. This applies regardless of the UE location within the source cell, with a few exceptions, e.g., if the UEs is moving closer to a neighbour cell which is not taking over the main 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 need to take place within a very short time frame i.e., during the short period of overlap.
This may of course cause a high load peak on the RA processing resources in the target cell and to the signalling and processing resources in the source cell during the handover preparation phase. The load peak during the RA procedure can be addressed with RACH-less handover as discussed in previous section, while the increased signalling load during the handover preparation phase requires another measure(s).
[bookmark: _Toc115430887]In NTN, earth fixed cell change involves a considerable signalling load during the handover preparation.
Likely, Conditional Handover (CHO) and a time-based condition will be configured to each UE in the concerned scenario(s). Not only since the time window when the UE may perform the handover is predictable, but also since CHO will mitigate the signalling load in the source cell. With CHO, handover preparation information can be sent to each UE well in time before the conditional handover is executed i.e., before the short time of overlap of the old (source) and the new (target) cell.
[bookmark: _Toc115430888]CHO will mitigate the signalling load in the source cell since handover preparation information can be sent well in time before the short time of overlap of the old (source) and the new (target) cell.
However, considering most of the UEs in the old (source) cell will be handed over to the same (candidate) target cell (replacing the coverage area of the old cell), it is also likely that most of the information provided to each UE in the (C)HO command (reconfigurationWithSync), describing the target cell configuration, is identical (e.g. most parameters in servingCellConfigCommon and in ntn-Config IE, describing various NTN specific parameters for accessing the target cell). Also, from a deployment perspective, it seems rather logical to configure these cells identically. 
[bookmark: _Toc115430889]It is expected that most of the information provided to each UE in the (C)HO command, describing the target cell configuration, is identical.
In this scenario, handover related information can be divided into two groups: (1) a common configuration, which is valid for all UEs in the source cell, and (2) an individual configuration (e.g., C-RNTI), that still needs to be sent separately to each UE. This information split would largely reduce the signalling overhead during the handover preparation phase. RAN2 can explore methods to provide common target cell configuration to each UE in a non-dedicated manner, one example being broadcasting in system information.
[bookmark: _Toc115430893]Find methods to reduce the size of the (C)HO command by providing common target cell configuration in, e.g., system information

2.3	Cell reselection enhancements for Earth moving cells
In Rel-17, RAN2 introduced two new rules for measurement initiation for cell reselection purposes (or measurement relaxation) for the earth fixed cell scenario in NTN. In the time-based solution, UE shall start measuring neighbour cells before the current cell stops serving, i.e., the timer with the value of t-Service, which is provided via SI, expires. In the location-based solution, the UE compares its current location, obtained from a GNSS measurement, and the reference location of the serving cell with a network-controlled threshold. The UE shall start neighbour cell measurements if the distance to the reference location exceeds this threshold. The support of both solutions is independent and optional and is signalled to the network through a UE capability indication.

[bookmark: _Toc115430890]Measurement initiation for cell reselection includes time-based and location-based solutions for the fixed earth cell scenario.

These solutions are not directly applicable to the earth moving cell scenario and little progress was made during Release 17. In fact, during RAN2#115-e, RAN2 decided to down-prioritize earth moving cells and focus on defining solutions for quasi earth fixed cells. The following was agreed:
1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection

Regarding the solutions, the time-based approach, as currently designed, is problematic with earth moving cells. The service stop time is not unique for all UEs in the cell as the coverage of the satellite moves along Earth’s surface. Thus, dependent on the UE location within the serving cell, UEs will experience different stop serving times. Although the total service time is equal for all UEs in the cell (it depends on the satellite characteristics), it is not possible to establish a single reference timestamp that commands when UE independent timers should start. Nonetheless, a time reference could still be useful when dealing with feeder link switches that are expected to happen in a deterministic manner.

[bookmark: _Toc115430891]A single service stop time cannot be provided for all UEs in earth moving cell, except for the feeder link switch scenario.

[bookmark: _Toc115430894]Introduce a service stop time parameter (similar to t-service) to initiate measurements before cell replacement due to feeder link switch case.

In case of the location-based solution, the cell movement makes it impossible to provide a fixed reference location. Nonetheless, the network could provide a floating reference location. This is the cell’s reference location at a certain epoch time with the idea that the UE, knowing the satellite direction and velocity, propagates this position on Earth to its current time. Therefore, the UE can easily calculate at every moment where is the cell’s reference location and compare the distance to the broadcast threshold. In addition, if the serving cell’s reference location epoch time coincides with the satellite’s ephemeris epoch time, there would be little impact to the specifications because the reference location and distance threshold are already transmitted in SIB19. A similar approach has been partly proposed in [3] and [4].

[bookmark: _Toc115430895]Network broadcasts assistance information for measurement initiation in Earth moving cells.
[bookmark: _Toc115430896]This assistance information includes reference location at an epoch time, satellite ephemeris, and distance threshold.

2.4	Cell reselection enhancements for TN-NTN mobility
The coverage area of NTN cells is expected to be large in comparison to TN, especially in case of GSO. In Release 17, it was agreed to transmit neighbour cell information in System Information (SIB19) to assist with measurements and perform idle mobility procedures. Taking into account NTN characteristics, new triggers were adopted to limit measurements to the most relevant occasions as described in the previous section.
A common understanding is that measurements on TN frequencies are prioritized over NTN which is configurable by the network. Therefore, in Release 18, RAN2 is set to work on methods to optimize measurements and avoid unnecessary power consumption. In RAN2#119-e, this topic was briefly discussed, and the following was agreed.
· RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
· RAN2 to work on assistance information that can be provided to NTN UEs for the above.

Regarding the FFS in the first agreement, as depicted in the figure below, several TN cells might exist within an NTN coverage area. Given that System Information is broadcast cell wide, if the network provides information for TN cells without any geographic indication, UEs may unnecessarily measure at those frequencies even if they located far from the TN coverage and, thus, waste power. Therefore, the meaning of “relevant” in the first agreement should refer to a geographic indication.

[bookmark: _Toc115430897]The network provides a geographic indication of TN cells to limit idle mode measurements.

[image: ]
Figure 1. Illustration of several TN cells within an NTN cell.

Regarding the assistance information of the second agreement, in Release 17, the coverage of NTN cells earth fixed cells has been described with a reference location and a radius, e.g., in discontinuous coverage assistance information. This might be unsuitable for this purpose since indicating the exact position of a gNB might raise security concerns. In addition, the coverage patterns of some Terrestrial networks might be difficult to describe with such parameters. Therefore, the geographic indication can be described using the polygon shape already captured in TS 23.032 which allows for different levels of complexity.

[bookmark: _Toc115430898]Introduce a parameter using the polygon shape captured in TS 23.032 to describe the coverage area of a TN neighbour cell.
[bookmark: _Toc115430899]A UE shall limit neighbour cell measurements in TN frequencies to the areas where there is such coverage.



3	Conclusions
In the previous sections we made the following observations: 
Observation 1	Satellite movements cause a high frequency of handovers and an increase collision rate during the random-access procedure
Observation 2	RACH-less handover is limited to scenarios where the TA is known (or predictable).
Observation 3	For intra-satellite HO, the difference in propagation delay between the source and the target cell is zero
Observation 4	For inter-satellite HO, the UE can accurately estimate the difference in propagation delay between the source cell and the target cell
Observation 5	RACH-less handover will reduce signalling overload, reduce PRACH load and decrease RA collision rate in the target cell
Observation 6	In NTN, earth fixed cell change involves a considerable signalling load during the handover preparation.
Observation 7	CHO will mitigate the signalling load in the source cell since handover preparation information can be sent well in time before the short time of overlap of the old (source) and the new (target) cell.
Observation 8	It is expected that most of the information provided to each UE in the (C)HO command, describing the target cell configuration, is identical.
Observation 9	Measurement initiation for cell reselection includes time-based and location-based solutions for the fixed earth cell scenario.
Observation 10	A single service stop time cannot be provided for all UEs in earth moving cell, except for the feeder link switch scenario.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to work in adapting RACH-less handover to NR NTN in Rel-18
Proposal 2	Find methods to reduce the size of the (C)HO command by providing common target cell configuration in, e.g., system information
Proposal 3	Introduce a service stop time parameter (similar to t-service) to initiate measurements before cell replacement due to feeder link switch case.
Proposal 4	Network broadcasts assistance information for measurement initiation in Earth moving cells.
Proposal 5	This assistance information includes reference location at an epoch time, satellite ephemeris, and distance threshold.
Proposal 6	The network provides a geographic indication of TN cells to limit idle mode measurements.
Proposal 7	Introduce a parameter using the polygon shape captured in TS 23.032 to describe the coverage area of a TN neighbour cell.
Proposal 8	A UE shall limit neighbour cell measurements in TN frequencies to the areas where there is such coverage.
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