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Introduction

According to WID[1], RAN2 is going to do enhancement for NTN service continuity based on R17 discussion results, the objections are listed as below:

	This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]

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. [RAN2, RsAN3, RAN4]

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]
Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
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. [RAN3]


From RAN2#119be[2] meeting, RAN2 had made agreements for NTN cell reselection enhancement.
	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

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:

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


In this contribution, we will provide our views based on last meeting agreements. 
Discussion
According to legacy handover procedure[3], there are many signaling procedures between UE and network, including measurement control/report, handover command, random access and handover complete. In Rel-16, conditional handover (CHO) was introduced, where network can provide UE at least one target cell’s configuration and handover conditions in advance, once there is at least one of target cells satisfying handover condition, UE shall apply target cell configuration and transmit random access preamble and handover complete message to complete the handover procedure. In Rel-17, two approaches were developed, i.e. time-based and location-based CHO, where the former one uses cell stop serving time to indicate UE to perform CHO, i.e. UE need to perform HO before the timer is expired, the later one uses a reference location and a distance threshold to assist UE to decide when to perform CHO, i.e. when the distance between UE and reference location is larger than a threshold, UE shall perform CHO.

In moving cell scenario, a UE even in static or low mobility states will have handover requirement, and compared to TN or quasi-earth fixed cell scenario the amount of handover will increased. At the same time, for UEs between two cell’s overlapping area, simultaneous performing handover would lead to handover signaling storm, lot of handover commands and random accesses are transmitted between UE and network and the collisions will appeared as well, which may result in service discontinuity. Therefore, RAN2 can consider to reduce signaling overhead.

Refer to the technique report[4], the quoted table below, Table 1, shows the minimum and maximum time of handover, the range is about 6s to 2 minutes. That is, handover from UE is required at least about every 2 minutes in moving cell scenario.

The following sections provide our views on how to reduce signaling overhead for high handover rate in moving cell. Based on above explanation, the legacy handover procedure contains many signaling exchange between UE and network, therefore it can be a starting point of enhancement from both sides.
Observation 1  The legacy handover procedure contain many signaling exchange between UE can network, which can be a starting point of signaling reduction enhancement from both sides.
Table 1: Time to HO for min/max cell diameter and varying UE speed

	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO 

(s)

	50 

(lower bound)
	+500
	7.56 (NOTE 1)
	6.49

	
	-500
	
	6.74

	
	+1200
	
	6.33

	
	- 1200
	
	6.92

	
	Neglected
	
	6.61

	1000 

(upper bound)
	+500
	
	129.89

	
	-500
	
	134.75

	
	+1200
	
	126.69

	
	- 1200
	
	138.38

	
	Neglected
	
	132.28


Group handover

The legacy handover was through dedicated signaling between UE and gNB, which would be low efficient in NTN network because of there are a large number of UEs are served by a NTN cell. From network perspective, through grouping UEs and broadcasting or groupcasting a handover command to the grouped UE can reduce handover command transmission. Below are mechanisms about how to group UE.
Proposal 1  From network perspective, through grouping UEs and broadcasting or groupcasting a handover command to the grouped UE can reduce handover command transmission.
UE grouping
In previous RAN2 meetings, there were proposals that network acquires UE’s location information then performs UE grouping, but this can not reduce overall signaling overhead and may result in user privacy problem. For example, the network requests each UE to report its location information and UE reports it’s location to network, then network uses another signaling to notify UE which handover group it belongs to. There are additional signaling exchange for group handover preparation.

Observation 2  Handover grouping through UE location reporting may lead to additional signaling exchange for group handover preparation and there is a user privacy problem need to  further optimize.
Proposal 2  To avoid signaling overhead for group handover preparation phase, UE grouping needs to consider if additional signaling is needed.

Another means, the network provides group handover information, i.e. broadcast, and UE identifies which handover group it belongs to based on the group handover information and its location information. 
Proposal 3  Network provides group handover information and UE identifies its handover group based on the group handover information and its location information.

The group handover information contains a new reference location, i.e. group handover reference location, with a distance threshold and a corresponding handover group ID (HOID). The group reference location can be designed to be any position within the overlapping area of the serving cell and the upcoming neighbor cell. UE can calculate the distance between UE and group reference location based on received the group handover information and its location information, and if the calculated distance is smaller than the distance threshold, the UE identifies that it belongs to this handover group. 
Proposal 4  The network provided group handover information contains a reference location with a distance threshold and a handover group identity.

Proposal 5  UE identifies a handover group ID if the distance between UE and the reference location is smaller than a distance threshold.
Once the UE have identified its handover group ID, it can report the handover group ID through  measurement report that piggyback the handover group ID in it. Therefore, there is no additional signaling is needed to report and UE does not need to report its location information, but handover group ID, that can avoid user privacy problem.

Proposal 6  UE uses measurement report to report its handover group ID which not only no additional signaling is needed, but also avoids user privacy problem.
Group handover
The network can know how many UEs are within a same handover group based on UE reported handover group ID, which can assist target cell to prepare resources for those UEs and also help serving cell to make decision when to perform group handover. 

Observation 3  The network can use UE reported handover group ID to make group handover decision and prepare resources for those UEs.

Up to network’s implementation, it can provide multiple group handover information, i.e. multiple reference locations with different distance thresholds and relevant handover group ID, for neighbor cells on different orbitals. UE can identify which handover group it is satisfied and report the handover group ID to network , then network can trigger a specific handover group to execute group handover through indicating the relevant handover group ID.

Proposal 7 The network can trigger a specific handover group to execute group handover through indicating the relevant handover group ID.
Figure 1 shows the overall signaling procedures, which mainly contain two parts, UE grouping and group handover:

Figure 1 Overall group handover procedures

Steps：

NTN cell broadcast/groupcast group handover information, which contain a group handover reference location with a distance threshold and a corresponded handover group ID (HOID)
UE based on received group handover information and its location information to identify which handover group it belongs to and store the handover group ID.

UE reports its handover group ID through Measurement Report.

NTN cell makes decision on when to perform group handover, i.e. number of UE in the handover group, group handover timer expired...etc.

The serving NTN cell broadcasts or groupcast group handover command, i.e. paging or RRCReconfiguraion, which contains a specific handover group ID

UE receives a broadcast or groupcast group handover command, which contains a specific group handover ID. Once the received handover group ID can match the UE stored handover group ID, then UE performs group handover to the target cell.

RACH-Less handover

In LTE specification[5], it had introduced RACH-Less handover but only restricted in certain scenario, i.e. TA is 0 or target cell reuses TA of source cell. From UE perspective, handover without random access can not only reduce signaling overhead but also avoid service discontinuity especially in NTN-NTN handover. Besides, UE through random access to acquire granted resource for connection  which is a contention resolution procedure, if there are larger amount of UEs perform random access, it may meet collision and resulting in service interruption. Currently there are two random access types, 2-Step and 4-Step RA, which contain two and four steps to complete random access respectively. For moving cell scenario, both UE and network will meet large number of handovers compared to TN network. Therefore, implementing RACH-less handover for moving cell can reduce signaling overhead and avoid service discontinuity.

Proposal 8  From both UE and network perspective, implementing RACH-less handover for moving cell can reduce signaling overhead and avoid service discontinuity.
One of the purposes for the UE to perform random access is to acquire timing advance (TA), if the network can provide target cell’s TA to UE or UE can calculate TA by itself, it can perform RACH-less handover to target cell.

Observation 4  If the network can provide target cell’s TA to UE or UE can calculate TA by itself, it can perform RACH-less handover to target cell.
According to last RAN1#110be agreements[6], RAN1 were working on studies how to obtain TA for RACH-less solutions.

	Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)


RAN2#119be NR mobility enhancement had made assumption on support RACH-less handover

	=> RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 


Observation 5  Both RAN1 and RAN2 were agreed to support RACH-less handover and working on relevant studies.
In Rel-17, RAN2 had reached consensus that NTN UE have GNSS capability, that is UE can acquire its location information. At the same time, NTN cell has provided ephemeris information for UE to calculate TA priori to start random access. That is, UE based TA measurement is already support in Rel-17. Therefore, if serving cell can provide target cell’s ephemeris information UE can calculate TA of target cell and perform RACH-less handover to that cell.
Proposal 9  If serving cell can provide target cell’s ephemeris information UE can calculate TA of target cell and perform RACH-less handover to that cell.
Conclusion

Based on the outcome of the above discussion, we would like to suggest the following proposals:

Observation 1  The legacy handover procedure contain many signaling exchange between UE can network, which can be a starting point of signaling reduction enhancement from both sides.
Group HO
Proposal 1  From network perspective, through grouping UEs and broadcasting or groupcasting a handover command to the grouped UE can reduce handover command transmission.
Observation 2  Handover grouping through UE location reporting may lead to additional signaling exchange for group handover preparation and there is a user privacy problem need to  further optimize.
Proposal 2  To avoid signaling overhead for group handover preparation phase, UE grouping needs to consider if additional signaling is needed.

Proposal 3  Network provides group handover information and UE identifies its handover group based on the group handover information and its location information.

Proposal 4  The network provided group handover information contains a reference location with a distance threshold and a handover group identity.

Proposal 5  UE identifies a handover group ID if the distance between UE and the reference location is smaller than a distance threshold.
Proposal 6  UE uses measurement report to report its handover group ID which not only no additional signaling is needed, but also avoids user privacy problem.
Observation 3  The network can use UE reported handover group ID to make group handover decision and prepare resources for those UEs.

Proposal 7 The network can trigger a specific handover group to execute group handover through indicating the relevant handover group ID.
RACH-less
Proposal 8  From both UE and network perspective, implementing RACH-less handover for moving cell can reduce signaling overhead and avoid service discontinuity.
Observation 4  If the network can provide target cell’s TA to UE or UE can calculate TA by itself, it can perform RACH-less handover to target cell.
Observation 5  Both RAN1 and RAN2 were agreed to support RACH-less handover and working on relevant studies.
Proposal 9  If serving cell can provide target cell’s ephemeris information UE can calculate TA of target cell and perform RACH-less handover to that cell.
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