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1 Introduction

In this contribution, we discuss connected mode related issues to be discussed in NTN.
2 Discussion
In NR, connected mode UE performs neighbour dcell measurements based on the measurement configuration provided from the network. If certain event is satisfied, the UE reports related measurement results to the network. Based on the reported measurement results, the network may trigger handover to the UE to change the PCell. However, in NTN environment, propagation delay between the UE and NTN cell is much longer than the existing terrestrial network. Moreover, as satellite with transparent payload is assumed in R17 NR NTN, the propagation delay is approximately twice longer than satellite with regenerative payload case. Referring to table 4.2-2 of TR 38.821[1], max round trip propagation delay of LEO satellite is 25.77ms(600km altitude) and 41.77ms(1200km altitude). Considering the signalling procedure of conventional handover which the network provides handover command based on the measurement report from the UE, the handover command from the network may be too late. Therefore, handover failure rate may increase in NTN.
Observation 1: Considering very long propagation delay in NTN, failure rate of conventional handover may increase in NTN.
 To reduce handover failure rate, condition handover (CHO) can be usedin NTN. Network provides CHO candidate cell list to the UE, and the UE executes a handover to a cell meeting execution condition among the cell list. Based on the predictable path of LEO satellites, network can expect which cells are going to cover a certain area. Therefore, even if measurement report was not received, the network can provide the possible candidate NTN cells to the UEs in the area in advance. Therefore, signalling delay can be reduced comparing with conventional handover.
Observation 2: If CHO is used in NTN, it may reduce signalling delay so that handover failure rate may decrease.
In R16 eMob work item, CHO is triggered by measured cell quality (i.e. RSRP, RSRQ). In NTN, the measured cell quality may not be sufficient condition to trigger CHO, because a cell with a good radio condition may provide very restrictive service availability. For example, measurement results of LEO satellites at the high elevation angle and low elevation angle may not be much different (a.k.a. near-far-effect), but the radio condition may be unstable at low elevation angle because of low line of sight. In the current CHO mechanism, if multiple cells satisfy execution conditions, the UE randomly selects a cell for CHO, i.e. there is no prioritization. We note, however, if an NTN cell with a shorter restrictive service time meets cell quality triggering condition of CHO, it may not be desirable to perform CHO to the NTN cell. Therefore, additional triggering condition for CHO in NTN may be beneficial to complement this scenario.
Observation 3: Existing measured cell quality-based CHO triggering condition may not be sufficient in NTN because good cell quality does not exactly mean service availability of the cell.
In the following, we discuss how CHO triggering can be enhanced. 
In R17 NR NTN discussion, it is assumed that network is aware of location information of UEs in RRC_CONNECTED. (How to perform UE location report is FFS.) Also, as LEO satellites revolve around the earth every few hours and the path is predictable, the network can expect which LEO satellite will cover which areas by time. Therefore, when the network provides CHO configuration to UEs, the network may consider both UE location information and corresponding ephemeris information.
Observation 4: It is assumed that the network is aware of location information of UEs in RRC_CONNECTED. Therefore, the network may provide CHO configuration to UEs considering the UE location information and corresponding ephemeris information.
However, if UE location information is introduced to triggering condition for CHO in NTN, it may be based on absolute UE location information or relative UE location information. 
Firstly, in absolute UE location information condition case, the network may divide the ground into number of areas and UE triggers CHO when the UE enters new area. However, considering that cell coverage diameter of LEO satellite is hundreds of kilometres, the size of areas may be at least tens of square kilometres, and UEs at an area may receive almost same CHO configuration. Therefore, it may be very rare case that CHO is triggered by change of absolute UE location information condition. Moreover, if this triggering condition is configured to UE, the division of areas should be provided, but it would be very complex to design the area information as triggering condition in the RRC message.
Secondly, in relative UE location information condition case, two types of distances are suggested in the email discussion for NTN connected mode - distance between UE and satellite, or UE and cell reference point.
1. Distance between UE and satellite
·  As LEO satellites are moving with speed 500km/h to 1200km/h [1], the accuracy of distance between UE and LEO satellite is not guaranteed and it would increase the UE complexity greatly to calculate distance from satellite in the space.
2. Distance between UE and cell reference point
·  The cell reference point can be centre of cell coverage or specific point on the ground. In moving beam case, as the beam coverage sweeps on the ground in real time, the centre of cell coverage or the specific point on the ground will change very frequently. Even in fixed beam case, every time the beam changes its direction, the UE may need new reference point. Moreover, it may be unnecessary to trigger CHO if a fixed beam will change its direction to the next coverage soon, so remaining time information of the beam also should be introduced. Therefore, it will be also very complex to design the reference point and triggering condition in the RRC message.
Observation 5: Even if UE location information is introduced to triggering condition for CHO in NTN, it may not be effectively used because the NTN cell coverage is very large so that it would rarely happen that UE enters new area. Moreover, it would be very complex to design the configuration of the location-based triggering condition.
Proposal 3: UE location information is not introduced as CHO triggering condition in NTN.
As the LEO satellites revolve around the earth every few hours, they appears to an area on the ground regularly and the appearance duration would be almost constant. Therefore, the network can expect when each LEO satellite is available to provide connected mode service to the UEs on the ground. Therefore, if network provides periodicity and appearance duration of each LEO satellite in chronological order, UE only needs to perform CHO evaluation to candidate cells in each time duration. Moreover, the network does not need to update the CHO candidate cell list whenever new LEO satellite appears. The example of the configuration may be following:

List of CHO candidates in chronological order

	Order
	CHO candidate cell list
	Service-available time

	#1
	A, B
	10 minutes

	#2
	B, C
	5 minutes

	#3
	D
	10 minutes

	#4
	A
	15 minutes

	#5
	A, B
	5 minutes


· Figure 1: Example of NTN cell list in chronological order -
Order #1: Cell A and B are visible for a UE. The UE performs CHO evaluation of cell A and B.
Order #2: After 10 minutes appearance duration, cell A disappears and cell C appears. So the UE performs Cho evaluation of cell B and C for 5 minutes.

Order #3: Cell B and C disappears and cell D appears. The UE performs CHO evaluation of cell D.
Order #4: Cell D disappears and cell A appears again. Now the UE performs CHO evaluation of cell A.
Order #5: Cell B appears again. Now the UE performs CHO evaluation of cell A and B.
Based on this CHO candidate cell list in chronological order, the UE chooses the proper set of measurement candidates and performs measurement and CHO evaluation only on those candidates in each time. Once this comprehensive configuration is provided to the UE, when the configuration needs to be updated, network only needs to update disappeared cell and appearing cell list information via dedicated signalling, which reduces signalling overhead.

Observation 6: As LEO satellites revolves around the earth on the predictable path, the LEO satellites appears to an area regularly and the service-available time is expectable.

Proposal 4: In the CHO configuration, provide list of CHO candidate cells in chronological order, with service-available time of each LEO satellite. The UE performs CHO evaluation of only the cells service-available time condition is met. Then the network does not need to re-configure the CHO configuration whenever CHO candidate list changes.
3 Conclusion
In conclusion, we propose the followings:
Observation 1: Considering very long propagation delay in NTN, failure rate of conventional handover may increase in NTN.
Observation 2: If CHO is used in NTN, it may reduce signalling delay so that handover failure rate may decrease.

Observation 3: Existing measured cell quality-based CHO triggering condition may not be sufficient in NTN because good cell quality does not exactly mean service availability of the cell.

Observation 4: It is assumed that the network is aware of location information of UEs in RRC_CONNECTED. Therefore, the network may provide CHO configuration to UEs considering the UE location information and corresponding ephemeris information.

Observation 5: Even if UE location information is introduced to triggering condition for CHO in NTN, it may not be effectively used because the NTN cell coverage is very large so that it would rarely happen that UE enters new area. Moreover, it would be very complex to design the configuration of the location-based triggering condition.

Proposal 3: UE location information is not introduced as CHO triggering condition in NTN.
Observation 6: As LEO satellites revolves around the earth on the predictable path, the LEO satellites appears to an area regularly and the service-available time is expectable.

Proposal 4: In the CHO configuration, provide list of CHO candidate cells in chronological order, with service-available time of each LEO satellite. The UE performs CHO evaluation of only the cells service-available time condition is met. Then the network does not need to re-configure the CHO configuration whenever CHO candidate list changes.
References

[1] 3GPP TR 38.821 “Solutions for NR to support non-terrestrial networks (NTN)”, V16.0.0 (2019-12)

2/3

