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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#119bis-e meeting, the following agreements were made on HO enhancements for NTN[1]:
Agreements
1. 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
2. Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)

Agreements:
1. Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits

Agreements:
1. RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)

It can be seen that solutions addressing mobility enhancements in NTN have been discussed and provided by companies. In this contribution, we further discuss the solutions for HO enhancements in NTN and our proposals are provided.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	 Common configuration for HO/CHO delivery in common signalling
And in RAN2#119bis meeting [1], it was agreed that:
1. 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
In the following, we further study the benefits on introducing common configuration delivered via common signaling and study the potential issues for this solution.
2.1.1	Benefits on introducing common signaling for common configuration for HO
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In NTN, due to the large coverage of NTN cell, the HO is mainly caused by the movement of satellites. When the serving satellite is leaving and the target satellite is coming, the served UEs should start to connect to the new coming satellite. Then, HO may happen. Therefore, multiple UEs may receive the same common configuration from the target cell. If legacy HO is used, the same common signaling will be transferred almost at the same time to the handover UEs. This will definitely bring signaling burden to the serving cell especially when there is a huge number of UEs performing HO. If CHO is configured for the UE, due to the same target cell is configured for the most of the UEs, the same common configuration will be repeated among UEs handover to the same target cell, which is low efficient.
Observation 1: It is low efficient to send common configuration via dedicated signalling in NTN considering most of the UEs handover to the same target cell due to the movement of satellites.
Meanwhile, there is no security issue if the common configuration is sent via common signaling, since the common configuration is actually the information in SIB of the target cell. So no enhancements are needed from security perspective. Hence, it is feasible to provide the common configuration via broadcasting. 
Proposal 1: Broadcasting common configuaration of the neigbour cells for HO/CHO can be supported in NTN. 
If the mechanism of broadcasting common configuration of HO/CHO command is supported, some issues need to be further analyzed.
2.1.2	Parameters transmitted in the common configuration for neighbor cells
During current HO procedure, the target cell will transfer common information, i.e. field of spCellConfigCommon, to the source cell. And the source cell will configure it to UE via dedicated RRC siganlling.. Actually this common information is broadcasted by the target cell via SIB1. In NTN, in order to save the dedicated signaling overhead, this part can be sent via SIB by the serving cell.
Proposal 2: The servingCellConfigCommon of the neighbour cells can be broadcasted by the serving cell for the intention of HO/CHO.
2.1.3	Mechanism for transmission of common configuration for neighbor cell
Actually, if the common configuration is broadcasted in SIB, two options can be further studied:
· Option 1: Using existing SIB to transfer the common configuration for neighbour cell;
· Option 2: Defining one new SIB to transfer the common configuration for neighbour cell.
In fact, the common configuration for neighbor cell is only used to transfer the common configuration of the neighbor cell. It is mainly used for the HO procedure. If the information is included in existing SIBs, both the inactive/idle UEs and connected UE have to receive the common configuration of the neighbor cell, even if it is not necessary for idle/inactive UE. This introduces negative impacts to the idle/inactive UEs. Besides, the UEs which do not support common configuration for neighbor cell also have to download this system information. Likely, this also brings signaling impacts to the UEs which do not support this mechanism. Hence, it is not suitable to include this information in the existing SIB.
On the other hand, when new SIB is defined to transfer the common configuration of the neighbor cell, only the UE which is interested in the information will acquire the information. There will no influence to inactive/idle UE and connect UE who does not support common configuration mechanism. The legacy mechanism can be reused. I.e. the SIB scheduling information is included in SIB1. The UE which is interested in the information can acquire the information based on the scheduling information in SIB1.
Proposal 3: Define one new SIB to transfer the common configuration for neighbour cells.
2.2	Group HO
Some companies propose to support group HO in NTN. In this scheme, the UEs can be divided into some groups so that the network can control one group of UE instead of a single one.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]To support group HO, assistance information is needed to be reported to the network which can be utilized to improve the accuracy of the subgrouping. For example, based on the location information, the network can divide the UEs with close distance into the same group. When the satellite is going to stop providing service for this group, it can indicate the UEs in this subgroup to perform HO. It can be seen that the procedure for assistance information reporting is similar to measurement reporting. And likely, when the UE’s location changes, the UE needs to report its update location. Otherwise, the group may be not accurate and the group HO may fail.
Observation 2: The group management for group HO requires assistance information reported from UE.
Some companies think the common information can be sent by broadcast/multicast message after grouping. For example, RACH common information of the target cell can be sent via group signaling mechanism. This is similar with the mechanism broadcasting common configuration of HO/CHO in Section 2.1. From this point of the view, the benefit on signaling overhead reduction can be achieved via broadcasting common configuration of HO/CHO independent of group HO. Hence, signaling reduction is not the benefit brought by group HO.
[bookmark: _Toc118299245]Observation 3: Signalling reduction can be achieved via broadcasting common configuration of HO/CHO, but it is independent of group HO mechanism.
In group HO, some UE specific information, e.g. C-RNTI of the target cell, dedicated preamble, dedicated radio resource configuration and group ID needs to be sent to the UE by dedicated signaling separately, considering the security issue, resource collision and other reasons.
Observation 4: Dedicated signalling for UE specific configuration can’t be omitted in group HO.
Meanwhile, the group configuration e.g. HO indication can be sent by group signaling in order to reduce the signaling overhead, i.e. the UEs in the same group can be indicated by single HO indication. It should be noted that the UE may perform HO based on the Group configuration or Group indication. But this requires special handling on how to design the group HO indication, e.g. special RNTI configuration or DCI format.
Observation 5: Special handling e.g. RNTI configuration or signalling design, is needed on group configuration e.g. HO indication.
Hence, there are no outstanding benefits on signaling overhead achieved by group HO in NTN. So, it is suggested study group HO with low priority.
[bookmark: _Toc115439184]Proposal 4: RAN2 to study group HO only if great benefits of group HO are identified in NTN.
2.3	Earth moving scenario
In R17, the quasi-earth-fixed cell scenario was studied. Since the UE is served by beam covering one geographic area for a limited period in quasi-earth-fixed cell, the stop serving time of the serving cell is unified and the coverage area of the serving cell is fixed. Therefore, these information are always valid for all the UEs under the quasi-earth-fixed cell. As for mobility management, the handover is led in mainly due to the movement of the satelite, NW can determine CHO execution conditions based on the stop serving time and the coverage area of the serving cell. Hence, CondEvent T1 was defined in Rel-17, i.e., UE can perform CHO execution if the RRM condition is fulfiled[2], during the time [t1-Threshold, t1-Threshold + duration], considering the execution condition determained by the network is mainly based on the stop serving time of the serving cell and the start serving time of candidate cells. And event D1 was specified for the UE to consider the distance between the UE location and fixed reference loaction, which is applicable for the case that the handover is led in due to UE movement.
However, in earth moving cell scenario, the coverage area of cell slides over the earth surface, under the coverage of the satellite, some new UEs move in, while some move out. In this case, there is no unified cell stop serving time for UE located in different position in the cell, and the cell center or cell edge keeps moving together with the cell, i.e., the stop time of serving cell and start time of candidate cells for each UE are various.
To support CHO for earth moving case, if time based CHO is used, gNB need to calculate the CHO execute times based on the current location reported by UE, i.e. calcuating the stop serving time of the serving cell and the start serving time of the neighbor cell according to the UE position, and the serving cell and neighbor cell movement trajectory. And configure the CHO execution conditions to UE. from this point, the time based CHO can work for earth moving scenario. However in this case, if the UE is moving and the reported location information is invalid, the stop serving time of the serving cell and the start serving time of the candidate cell will change, these execution conditions may become invalid. Reconfiuration of the excution condition from NW and location information report from UE may needed.
Observation 6: If the UE can report the location information to network, the current time-based CHO can work for earth-moving scenario, but it may lead in signaling overhead on update the excution condition.
For location based solution for earth moving cell, the reference location (e.g. center of the cell or edge of the cell) varies with timing in earth moving scenario. If the UE is not aware of the timing information for the reference location, the UE cannot make proper decision. The current location-based CHO is not applicable for earth moving scenario.
Observation 7: Current distance-based CHO is not applicable to earth moving cell scenario.
Even though the time-based CHO can be applied for earth-moving scenario, however the network may be not able to get the UE location considering the UE does support reporting location or the network does not have the user consent. So, time-based CHO solution is not applicable to all the UEs. While for distance-based CHO, UE location report is not one prerequisite condition. So it can be applied to all UEs. Therefore, enhanced distance-based CHO can be studied for earth-moving scenario. 
One straightforward solution is that the network keeps updating the cell reference location via dedicated or common signaling. Obviously, this will bring great burden on signaling overhead and large power consumption for frequent signaling updating which is not acceptable. In order to faciliate the procedure, assitance information from network are needed to assistance the UE get aware of the coverage of the cell in time and make decsision on handover. 3 solutions are provided:
· Solution 1: Network providing the coordinate of reference location with timestamp and the moving speed of cells which can be calculated by ephemeris information. 
In Solution 1, the UE calculates the real-time reference location based on the information including reference location with timestamp and the moving speed. One example is shown in Figure 1, the NW provide the reference location of (x1,y1), and corresponding timestamp T1. And the moving speed of the cell as (Vx,Vy) can be calculated by ephemeris information. UE could get the reference location at T2 as following figure shows: 


Figure 1: Calculating the real-time reference location by coordinate with timestamp
· Solution 2: The network providing UE the relative coordinate of cells center, the relative coordinate is reference to the coordinate of sub-satellite point. 
In Solution 2, the coordinate of sub-satellite point can be calculated by the ephemeris of satellite. UE could get the real-time center of the cell according to the sub-satellite point and the relative position to the sub-satellite point. As illustrated in Figure 2, the sub-satellite point is the vertical projection of the satellite on the ground, which can be calculated by the ephemeris. The network provides the relative coordinate of cell1 center (Δx1, Δy1), and the relative coordinate of cell 2 center (Δx2, Δy2). Then, the UE calculates the real-time location of sub-satellite point to be (x0,y0), and calculate the cell center of cell1 and cell2 as shown in Figure2.


Figure 2: Relative coordinates reference to the coordinate of sub-satellite point.
· Solution 3: The network providing UE the beam antenna angle of cells center.
In Solution 3, the beam angle is reference to the direction of sub-satellite point which is calculated by the ephemeris of satellite. With the information of beam antenna angle, UE can calculate the real-time cell center. The UE can decide whether the CHO condition is satisfied or not by comparing configured threshold and the distance between UE and cell center. This is illustrated in Figure 3, the network provides beam antenna angle of cell1 center as (∠α, ∠β). The UE could calculate the real-time location of the sub-satellite point (x0,y0) and the height of the satellite h by the ephemeris information, then the cell center of cell1 can be calculated, e.g. (x0+tanα*h*cosβ,y0+tanα*h*sinβ) as shown in Figure 3.


Figure 3: Beam antenna angle reference to the direction of sub-satellite point.
For Solution 1, the network may provide different assistance information to different UEs in order to reach higher accuracy for position calculation. For example, the information delivered to the center UE may be different from that delivered to the UE at the cell edge. Considering the cell moves in NTN, this brings complexity for network implementation comparing with solution 2 and solution 3. 
For Solution 2 and 3, the relative coordinate reference to sub-satellite point or the beam antenna angle is unchanged for earth moving cell. There is no need to update this relative information frequently. These two options make full use of the time information contained in the ephemeris, which is already supported in Rel-17. 
Hence, we have a preference on Solution 2 and 3 and propose that:
Proposal 5: RAN2 to discuss the following two solutions on how to determine the real-time reference location of earth-moving cell:
· providing the relative coordinate of cells center, the relative coordinate is reference to the coordinate of sub-satellite point to the UE;
· providing the beam antenna angle of cells center to the UE.

Conclusion
In this document, we analyse issues for HO enhancement in NTN, and we find the observations and proposls as following:
Broadcasting the common configuration for HO/CHO:
Observation 1: It is low efficient to send common configuration via dedicated signalling in NTN considering most of the UEs handover to the same target cell due to the movement of satellites.
Proposal 1: Broadcasting common configuaration of the neigbour cells for HO/CHO can be supported in NTN. 
Proposal 2: The servingCellConfigCommon of the neighbour cells can be broadcasted by the serving cell for the intention of HO/CHO.
Proposal 3: Define one new SIB to transfer the common configuration for neighbour cells.
Group HO:
Observation 2: The group management for group HO frequent assistance information reported from UE.
Observation 3: Signalling reduction can be achieved via broadcasting common configuration of HO/CHO, but it is independent of group HO mechanism.
Observation 4: Dedicated signalling for UE specific configuration can’t be omitted in group HO.
Observation 5: Special handling e.g. RNTI configuration or signalling design, is needed on group configuration e.g. HO indication.
Proposal 4: RAN2 to study group HO only if great benefits of group HO are identified in NTN.

Earth moving scenario:
Observation 6: Currently, the time-based CHO can work for earth-moving scenario, if the UE can report the location information to NW, but it may lead in signaling overhead on update the excution condition.
Observation7: Current distance-based CHO is not applicable to earth moving cell scenario.
Proposal 5: RAN2 to discuss the following two solutions on how to determine the real-time reference location of earth-moving cell:
· providing the relative coordinate of cells center, the relative coordinate is reference to the coordinate of sub-satellite point to the UE;
· providing the beam antenna angle of cells center to the UE.
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