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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.




In RAN2#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 
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In RAN2#104, the following is agreed for mobility:


Agreements:
1.	Satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).  This is up to SA2.  
2.   Revise the current definition of satellite cell in TR 38.821 and refer to a satellite beam.  Definition of satellite beam can be discussed during email discussion.  
3.	Add text in TR 38.821 stating that association between NR PCI and NR SSBs is left for implementation (i.e. it will not be specified)
4.	Consider Rel-15 definitions as a baseline for NTN
5.	Both option a and b can be considered in NTN SI with one or multiple SSBs per PCI.  The TR will capture a figure for both option. 




The following was agreed in RAN2#105:
· It was agreed to capture following observations in the TR:
· Companies were not ready to identify and agree on solution options for RRM or HO for NTN. 
· For GEO NTN, the large propagation delay was identified to be the key issue and the effect on performing measurements and for measurement configuration should be considered.
· Specific for LEO NTN,  satellite movement related aspects such as measurement validity, UE velocity, movement direction, large and varying propagation delay and dynamic neighbour cell set were identified

· UE location and satellite ephemeris information would be beneficial
· The TR will capture the characteristic of the measurement variations in satellite systems
· NTN specific aspects related CHO can be studied in the RAN2#106meeting

[bookmark: _Hlk531173850]While email discussion on how to capture the last agreements in TR is ongoing, in this paper, we discuss connected mode mobility related aspects for NR NTN with focus on scenarios A and B.
Cell level mobility for GEO deployment
In this contribution we will mainly be discussing the RAN2-related procedures of mobility. To further expand on the NR mobility aspects shown above from 38.300, measurement reporting and triggering should also be included. The mobility procedures including the optional step of measurement reporting is shown in Figure 2. 
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Figure 2. Handover procedure with optional Step 0. 
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[bookmark: _Hlk531187570]Service interruption time due to handover
Given that the propagation delay is very large for GEO scenario, the delay of the handover procedure should be investigated. 
By looking at the Figure 2 we can estimate the service interruption time. The service interruption time is defined in TR 36.881 [5] by the time between when the UE stops transmission/reception with the source gNB and the time when target gNB resumes transmission/reception. In NR this can be defined as the time from network sending RRCReconfiguration with sync (Step 1) until the target gNB receives the RRCReconfiguration Complete (Step 3). By not considering such times such as RRC processing and UE retuning its frequency circuits(which is small in relation to the RTT), we can simplify the service interruption time to:
1 RTT + Switch to new cell
This time heavily depends on the time that it takes for the UE to connect to the new cell. Taking Rel-15 NR as baseline, the procedure that would be used is 4-step RACH which would take at least 2 RTTs. The total time for the handover would be 3 RTTs. 
The interruption time is however different depending on uplink or the downlink. For the downlink the interruption time would be 3 RTTs, since the gNB cannot send more data after step 1, but in the uplink, the UE can potentially continue sending data to the source gNB until RRCReconfiguration with sync is received, which would mean that the interruption time is 2,5 RTT. In the mobility enhancement WI, several solutions are currently discussed to reduce the interruption due to switching to the new cell, but for Rel-15 the interruption is at least 2.5 RTTs.  
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[bookmark: _Toc1049822][bookmark: _Toc1066150]In [6], we discuss one solution for tackling with the long interruption time.
However, if the satellite beams of a GEO satellite correspond to SSB/PBCH beams instead of being individual cells(PCIs), there would not need to be handovers within the coverage area of the whole GEO satellite. Whether this is feasible, is for FFS. For example, if there are several countries under the coverage of one GEO satellite it may need to be a PCI(satellite beam) serving one country. Also, the paging capacity likely limits this kind of deployment.

Handover failure 
Handover failure is defined in 3GPP terms in TR 36.839 [4], which is due to the UE declaring RLF in certain stages of the handover process. Radio Link Failure can be declared due to the one of the following reasons:
· Physical layer radio problems
· Random access procedure failure
· RLC Failure to deliver a PDU
For the evaluation of RLF during mobility procedure only the physical layer problems are considered. The RLF due to physical layer radio problems is when the timer T310 expires. The T310 is triggered due to a consecutive amount(N310) of physical layer problems are indicated. These physical layer problems are in-turn indicated when the signal quality of hypothetical PDCCH is below a certain configured threshold. Unlike in LTE, in NR the reference signals UE monitors for RLM are specifically configured for the UE. This is because the PDCCH, or CORESETs configured for the UE, from which UE finds PDCCH may be sent by the network by using different beams all belonging to same cell. Note that these beams are not necessarily the satellite beams but beams as referred in Section 2 as beam level mobility is SSB/PBCH is used, or even finer granular beams if CSI-RS is used as RLM RS. See also Section 7.3 in TR 38.821 where satellite beam versus NR cell/NR SSB/PBCH beam is described. In principle, the UE shall not declare RLF as long as the quality of any beam the NW may choose to reach the UE is operational. 
There are two ways the UE monitors the signal quality of a hypothetical PDCCH. In the first method, UE is explicitly configured with reference signals UE shall use for RLM. The RS may be SSB/PBCH or CSI-RS but the total number of the RS for RLM is limited. However, it is possible to configured RSs for the beam UE is served by and some close by beams. The total number being less than the total number of SSB beams forming the cell. In order to fulfil the criterion that UE shall not declare RLF if there is a beam by which the network may reach the UE, the RRC configuration of the RLM RS should be updated while connected to the same cell. 
The second method is to provide the UE in an implicit manner the RLM RSs that it shall use. These implicit RS are the QCL source RSs for the PDCCH reception. The NW provides the UE with this QCL source via the TCI states, using a combination of RRC and MAC CE signalling. A UE is configured with several PDCCH candidates to monitor, and each PDCCH candidate is associated with a QCL source, which is provided to the UE in a TCI state. The total number of TCI states that can be used by all the PDCCH is at most 3. The network can configure the values of the BLER thresholds. 
The handover failure is then counted if any of the following occurs [4]:
1. If an RLF occurs when the e.g. RRM A3 event triggering condition is satisfied, but before the handover command is successfully received by the UE.
2. If RLF is triggered after UE receives HO command but before successfully connecting to target. 
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Furthermore, another important metric in mobility performance is the ping-pong handover which defined as a handover to target cell that is followed by another handover back to the source cell during some time window t. Ping-pong handover can be especially harmful due to the long service interruption times compared to the terrestrial case. In case the network is aware of UE geographical location, then network can decide not to do unnecessary HOs even if the reported RSRP values would suggest so as long as the serving cell quality is reasonable.

[bookmark: _Toc4159123][bookmark: _Toc4632246][bookmark: _Toc16591323]Ping-pong handover can be especially harmful due to the long service interruption times compared to the terrestrial case.
[bookmark: _Toc4159124][bookmark: _Toc4632247][bookmark: _Toc16591324]In case the network is aware of UE geographical location, then network can decide not to do unnecessary HOs even if the reported RSRP values would suggest so as long as the serving cell quality is reasonable.
In appendix we gather the observations from this paper into a TP and propose to agree to include that in TR. The TP is written with the assumption that the key issues identified in RAN2#105 are captured in TR during email discussion towards RAN2#105bis.

[bookmark: _Toc4159127][bookmark: _Toc4632248]RAN2 to agree on TP in appendix to be included in TR.


Conclusion
We made the following observations:
Observation 1	The handover interruption for NR Rel-15 is at least 2.5 RTTs.
Observation 2	Handover failures that are due to RLF and depend on the deployment option and the RLM configuration option.
Observation 3	Ping-pong handover can be especially harmful due to the long service interruption times compared to the terrestrial case.
Observation 4	In case the network is aware of UE geographical location, then network can decide not to do unnecessary HOs even if the reported RSRP values would suggest so as long as the serving cell quality is reasonable.

We propose the following:
Proposal 1	RAN2 to agree on TP in appendix to be included in TR.
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Appendix

------------------------start of TP-----------------------------
7.3.2 	Connected mode mobility enhancements
This section discusses cell level mobility aspects for connected mode NTN UEs. 

Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (hand-over)
7.3.2.x HO interruption time for NTN
The service interruption time is defined in TR 36.881 by the time between when the UE stops transmission/reception with the source gNB and the time when target gNB resumes transmission/reception. In NR this can be defined as the time from network sending RRCReconfiguration with sync until the target gNB receives the RRCReconfiguration Complete. By not considering such times such as RRC processing and UE retuning its frequency circuits(which is small in relation to the RTT), we can simplify the service interruption time to:
1 RTT + Switch to new cell
This time heavily depends on the time that it takes for the UE to connect to the new cell. Taking Rel-15 NR as baseline, the procedure that would be used is 4-step RACH which would take at least 2 RTTs. The total time for the handover would be 3 RTTs. 
The interruption time is however different depending on uplink or the downlink. For the downlink the interruption time would be 3 RTTs, since the gNB cannot send more data after step 1, but in the uplink, the UE can potentially continue sending data to the source gNB until RRCReconfiguration with sync is received, which would mean that the interruption time is 2,5 RTT. In the mobility enhancement WI, several solutions are currently discussed to reduce the interruption due to switching to the new cell, but for Rel-15 the interruption is at least 2.5 RTTs.  
However, if the satellite beams of a GEO satellite correspond to SSB/PBCH beams instead of being individual cells(PCIs), there would not need to be handovers within the coverage area of the whole GEO satellite. Whether this is feasible, is for FFS. For example, if there are several countries under the coverage of one GEO satellite it may need to be a PCI(satellite beam) serving one country. Also, the paging capacity likely limits this kind of deployment.

7.3.2.x HO failure for NTN

Handover failure is defined in 3GPP terms in TR 36.839, which is due to the UE declaring RLF in certain stages of the handover process. Radio Link Failure can be declared due to the one of the following reasons:
· Physical layer radio problems
· Random access procedure failure
· RLC Failure to deliver a PDU
For the evaluation of RLF during mobility procedure only the physical layer problems are considered. The RLF due to physical layer radio problems is when the timer T310 expires. The T310 is triggered due to a consecutive amount(N310) of physical layer problems are indicated. These physical layer problems are in-turn indicated when the signal quality of hypothetical PDCCH is below a certain configured threshold. Unlike in LTE, in NR the reference signals UE monitors for RLM are specifically configured for the UE. This is because the PDCCH, or CORESETs configured for the UE, from which UE finds PDCCH may be sent by the network by using different beams all belonging to same cell. In principle, the UE shall not declare RLF as long as the quality of any beam the NW may choose to reach the UE is operational. 
The handover failure is then counted if any of the following occurs:
3. If an RLF occurs when the e.g. RRM A3 event triggering condition is satisfied, but before the handover command is successfully received by the UE.
4. If RLF is triggered after UE receives HO command but before successfully connecting to target. 
Handover failures that are due to RLF depend on deployment option and RLM configuration option. 

7.3.2.x Ping pong rate for NTN
Furthermore, another important metric in mobility performance is the ping-pong handover which defined as a handover to target cell that is followed by another handover back to the srouce cell during some time window t. Ping-pong handover can be especially harmful due to the long service interruption times compared to the terrestrial case. In case the network is aware of UE geographical location, then network can decide not to do unnecessary HOs even if the reported RSRP values would suggest so as long as the serving cell quality is reasonable.


------------------------end of TP-------------------------------------
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