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[bookmark: _Ref165266342]Introduction
In RAN#86, a new work item on solutions for NR to support NTN [1] has been approved. In the WID, one of the objectives is to enhance control plane procedures for connected mode UE, shown as below.
	· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].


In this contribution, we will discuss some issues about connected mode for NTN and provide some suggestions.
[bookmark: OLE_LINK1]Discussion
CHO
Time based CHO triggering event
In last meeting [2], RAN2 agreed that CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell. RAN2 introduces a new time duration [t1, t2] to describe the time based CHO trigger, but the definition of the time duration has not reached an agreement in last meeting. 
In discussion of last meeting, these types of time information have be considered for time based CHO trigger as follow:
a)	T1: Time when candidate target cell becomes available
b)	T2: Time when serving cell stops serving the area
c)	T3: Time when candidate target cell stops serving the area
Obviously, T1 is earlier than T3. But we don’t know relative time relation between T2 and T1/T3, which is decided by the coverage of serving cell and candidate target cell. In order to avoid UE losing cell coverage and service interruption, the time duration [t1, t2] should be included in the time range when both the serving cell and the candidate target cell can provide coverage for the UE. 
As shown in the figure 1-1, if T1<T2<T3, UE can execute CHO to the candidate target cell in the time range between T1 and T2. In the time range, UE is in the serving area of serving cell and candidate target cell. As shown in the figure 1-2, if T1<T3<T2, UE can execute CHO to the candidate target cell in the time range between T1 and T3. When T2<T1<T3, serving cell and candidate target cell cannot provide coverage to UE at the same time, so UE cannot execute CHO to the candidate target cell. Therefore, t1 shall not be earlier than T1 and t2 shall not be later than T2 and T3.
Observation 1: UE can execute CHO to the candidate target cell when UE can be provided coverage by the serving cell and the candidate target cell.
Proposal 1: For the time duration [t1, t2], t1 shall not be earlier than the time when candidate target cell becomes available and t2 shall not be later than the time when serving cell stops serving the area and the time when candidate target cell stops serving the area.


Figure 1-1 Coverage area of serving cell and candidate target cell with different time (T2>T3)

 
Figure 1-2 Coverage area of serving cell and candidate target cell with different time (T3>T2)
Then how to describe the time duration [t1, t2] should be considered. In last meeting, RAN2 discuss use absolute time (UTC) or timer(s) to implement the time information related to when candidate target cell becomes available, but no agreement has been reached. For the issue, some potential options are as follows:
Option 1: Two thresholds of UTC
Option 2: Two timers
Option 3: One threshold of UTC and one timer
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In option 1, one threshold of UTC can be used to describe t1 and the other can be used to describe t2, and this is an easy way. In option 2, t1 can be the time when one timer expires and t2 can be the time when the other expires. In option 3, the threshold of UTC can be used to describe t1 and the start time of the timer. t2 can be the time when the timer expires, so the duration of the timer is the length of [t1, t2]. 
Proposal 2: RAN2 should discuss how to describe the time duration [t1, t2], such as two thresholds of UTC, two timers or one threshold of UTC and one timer.

Location based CHO triggering event
In RAN2#113bis-e and RAN2#114-e [2] [3], RAN2 has agreed to define the location information in CHO triggering event as the distance between the UE and the reference location of the cell (serving cell or the target cell) and the reference location for the event description is defined as cell center.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]For the scenario of earth-moving cell, with the movement of the satellite, the cell center will move on the ground. In the case, network need to update the location information of cell center frequently, which will result in high signalling overhead. So, RAN2 should discuss how to provide the location information of cell center to UE to reduce signalling overhead. Ephemeris and cell center information are closely related, and providing satellite ephemeris to UE has been supported. So, it is a great way to include the location information of cell center in ephemeris information.
Proposal 3: The location information of cell center can be a part of ephemeris information for location based CHO triggering event.

CHO triggering event combinations
In previous meeting, RAN2 has introduced the following CHO triggering events for NTN:
a)	RSRP/RSRQ based CHO triggering event (A3/A4/A5)
b)	Location based CHO triggering event
c)	Time based CHO triggering event
In RAN2#114-e meeting [2], joint configuration of location and RSRP as well as time and RSRP triggers are supported. A flexible trigger condition configurations may be more suitable for different scenarios in NTN. So, standalone location or time based CHO triggering event and other relationships (such as “OR”) among different CHO triggering events should also be supported.
In the scenario of feeder/service link switch, the feeder/service link switch timing can be predicted by network based on ephemeris information and the location information of ground GW. Based on the target cell information and the feeder/service link switch timing, network can confirm whether the target cell can provide radio coverage at a certain time. So, standalone time based CHO triggering event is enough for the scenario of feeder/service link switch.
Observation 2: For the scenario of feeder/service link switch, standalone time based CHO triggering event is enough.
Although, combination of location-based and RSRP/RSRQ-based condition is good for robustness. In NTN, the near-far effect is not as pronounced in TN, resulting in the very small difference in signal strength between the serving cell and the neighbour cell. So the RSRP/RSRQ based CHO triggering event may not be very useful, and standalone location based CHO triggering event might work well in NTN.
Observation 3: Location based CHO triggering event alone can also work well in NTN.
Supporting all options including standalone triggering events and trigger combinations is a flexible frame, and network can configure more suitable CHO triggering event for different UE in different scenarios. How to configure CHO trigger depends on network implementation and realistic deployment.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 4: A flexible framework for CHO trigger configuration should be supported and any standalone triggering events and trigger combinations can be considered in NTN, which can be configured by network implementation.

Measurement
Measurement initiation condition
In R16, connected mode UE based on s-MeasureConfig to perform measurements on non-serving cells, which is the threshold for NR SpCell RSRP measurement. But in the NTN system, the near-far effect is not pronounced. So, UE cannot make sure whether itself is in the serving cell center or edge based on serving cell measurement result. If UE trigger non-serving cell measurements based on the serving cell RSRP, UE may measure non-serving cells too early or too late.
Observation 4: Criterion based on signal strength of serving cell for measurements on non-serving cells is inadequate in the NTN system as the near-far effect is not pronounced. 
Considering the deterministic movement of satellites and satellite cells, UE can estimate whether itself is in the cell center or edge based on the satellite cell and UE location information. So, RAN2 should study measurement initiation condition for non-serving cells based on the serving cell and UE location information.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 5: RAN2 should study measurement initiation condition for non-serving cells based on location information, the following options can be considered.
Option 1: UE can perform measurements on non-serving cells based on the distance between UE and the serving satellite.
Option 2: UE can perform measurements on non-serving cells based on the distance between UE and the reference location (e.g cell center) of the serving cell.

Measurement gap configuration
In RAN2#113bis-e [3], RAN2 has discussed some potential solutions for measurement gap configuration as following.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Option 1: Extended measurement gap window.
Option 2: Up to UE implementation.
Option 3: Multiple measurement gap patterns.
Option 1 will limit the resource that a UE can use for data transmission and reception. Option 2 will result in unpredictable UE behavior which may cause UE miss the next transmission window of the serving cell. Option 3 is a flexible way and can solve the problem of option 1 and 2 with appropriate configuration. How to configure multiple properly measurement gaps for different satellites with different propagation delay can be determined by network implementation. Furthermore, a WID [4] “NR Measurement Gap Enhancements” has been approved and multiple concurrent and independent MG patterns is one of the objectives of the WID，which has been discussed in RAN4. So, option 3 should be supported.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 6: Multiple measurement gap patterns should be supported in NR NTN.

UE assistance
RAN2 has supported one or more SMTC configuration(s) associated to one frequency and introduce new UE assistance for network to properly (re)configure the SMTC and/or measurement gap. For multiple SMTC or measurement gap configurations, network need accurate propagation delay difference between serving cell and neighbour cells to (re)configure the SMTC/measurement gap window. Considering UE privacy, UE accurate location report may have some risk. So, network cannot obtain the accurate propagation delay difference based on the UE location information, but it can be obtained by UE report. So UE should report propagation delay related information to help network configure SMCT/measurement gap. 
Considering security, the location of GW is unknown to UE, so the propagation delay of feeder link is unknown to UE. Therefore, according to UE location information and ephemeris information, UE can only calculate the service link propagation delay difference. The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
In order to calculate the service link propagation delay difference, UE need to know the location of serving satellite and neighbor satellites. So, the satellite ephemeris should be provided to UE, including serving cell’s ephemeris and neighbour’s ephemeris.
Observation 5: The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Proposal 7: UE can report the service link propagation delay difference between the serving satellite and the neighbour satellite as the assistance information for SMTC/measurement gap configuration. 
Proposal 8: The satellite ephemeris should be provided to UE, including serving cell’s ephemeris and neighbour’s ephemeris.
However, in non-GEO system, UE has to frequency report the propagation delay difference due to the movement of satellites, which may lead to high signalling overhead. For the configuration of SMTC/measurement gap, UE can report the neighbour Cell ID or the corresponding frequency whose SSB burst cannot be detected in NTN system. According to the Cell ID or the corresponding frequency information reported by UE, network only need to update the SMTC/measurement gap configuration of the reported cell or frequency and UE only need to report propagation delay difference between serving cell and the neighbour satellite of the reported cell or frequency, even if propagation delays of other neighbour cells have changed a lot. The way can reduce the frequency of SMTC/ measurement gap reconfigurations and signalling overhead.
[bookmark: OLE_LINK17]Proposal 9: UE can report the neighbour Cell ID or the corresponding frequency whose SSB burst cannot be detected as UE assistance information, which may be helpful for the network to update SMTC/Measurement Gap configuration. 
Conclusions 
In this contribution, the following observations and proposals are given based on the discussion in section 2:
Observation 1: UE can execute CHO to the candidate target cell when UE can be provided coverage by the serving cell and the candidate target cell.
Proposal 1: For the time duration [t1, t2], t1 shall not be earlier than the time when candidate target cell becomes available and t2 shall not be later than the time when serving cell stops serving the area and the time when candidate target cell stops serving the area.
Proposal 2: RAN2 should discuss how to describe the time duration [t1, t2], such as two thresholds of UTC, two timers or one threshold of UTC and one timer.
Proposal 3: The location information of cell center can be a part of ephemeris information for location based CHO triggering event.
Observation 2: For the scenario of feeder/service link switch, standalone time based CHO triggering event is enough.
Observation 3: Location based CHO triggering event alone can also work well in NTN.
Proposal 4: A flexible framework for CHO trigger configuration should be supported and any standalone triggering events and trigger combinations can be considered in NTN, which can be configured by network implementation.
Observation 4: Criterion based on signal strength of serving cell for measurements on non-serving cells is inadequate in the NTN system as the near-far effect is not pronounced.
Proposal 5: RAN2 should study measurement initiation condition for non-serving cells based on location information, the following options can be considered.
Option 1: UE can perform measurements on non-serving cells based on the distance between UE and the serving satellite.
Option 2: UE can perform measurements on non-serving cells based on the distance between UE and the reference location (e.g cell center) of the serving cell.
Proposal 6: Multiple measurement gap patterns should be supported in NR NTN.
Observation 5: The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Proposal 7: UE can report the service link propagation delay difference between the serving satellite and the neighbour satellite as the assistance information for SMTC/measurement gap configuration. 
Proposal 8: The satellite ephemeris should be provided to UE, including serving cell’s ephemeris and neighbour’s ephemeris.
[bookmark: _GoBack]Proposal 9: UE can report the neighbour Cell ID or the corresponding frequency whose SSB burst cannot be detected as UE assistance information, which may be helpful for the network to update SMTC/Measurement Gap configuration.  
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