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1 Introduction
This email discussion is based on R2-1916385 [1] and TP within. The scope of the discussion is stated as below:
·  [108#06][NTN] Earth fixed vs. Earth moving cells in NTN LEO  (Thales)

-
Extract what are the impact on the standards and the main differences with moving beams

-
Capture the preliminary findings 


Intended outcome: agreed TP 


Deadline:  2019-11-28

In  RAN#108 first comparison for Earth fixed and mobile beams [1] and [3] were presented but did not provide the necessary impact details on RAN2 aspects. 

The goal of this email discussion is to have a common understanding on how connected and idle mode mobility can be carried out in Earth fixed beams LEO transparent and LEO regenerative scenarios. As a second step, to agree how can the studies performed in TR38.821 for mobile beams apply to fixed beams.
2 Understanding of LEO based fixed versus moving cell scenarios
2.1 Earth fixed versus Earth moving cells overview
Earth fixed cells scenarios refer to NTN scenarios that provide cells fixed to a certain location on the Earth permanently or during a certain duration. This can be achieved with NTN generating beams which footprint is fixed on the ground. 

Earth moving cells scenarios refer to NTN scenarios that provide cells continuously moving on the Earth. This can be achieved with NTN generating beams which footprint are sweeping on the ground.

In all cases, a cell corresponds to the foot print of one or several beams.

The table below summarizes the different NTN scenarios according to the Earth fixed or moving cell characteristics.

Table 1: NTN scenarios and Earth moving and fixed cell characteristics

	NTN scenarios
	GEO
	LEO
	HAPS

	Earth fixed cell
	On board antenna without steerable beam capability
	On board antenna with steerable beam capability (electronic or mechanical mechanisms) 
	On board antenna with steerable beam capability (electronic or mechanical mechanisms)

	Earth moving cell
	On board antenna with steerable beam capability (electronic or mechanical. This has not been studied in Rel-16
	On board antenna without steerable beam capability
	On board antenna without steerable beam capability


Observation 1: Earth fixed and moving cells applies to GEO, LEO and HAPS based scenarios

2.2 Service continuity in LEO with Earth fixed cell vs Earth moving cell
In case of LEO scenarios, even when the UE are static w.r.t a particular point on the Earth, service continuity within NTN requires mobility

 management procedures since the elevation angle under which the serving LEO satellite is seen by the UE will fall under the minimum elevation angle threshold. Hence all the UE and their connections have to be transferred to the cells in a new satellite.

Note: Typically a LEO constellation is designed to allow a sufficient duration for overlapping coverage between 2 successive satellite on a particular point on Earth for such transfer.

Note that in case of HAPS based Earth fixed & moving cell, service continuity may also require mobility management procedures when the network is based on a “constellation” of HAPS moving wrt Earth.

LEO with Earth fixed  cells (and Earth fixed beam footprints)
The following figures illustrate the displacement of satellite coverage (due to its relative motion) with respect to the 3 UEs static on the Earth.

The coverage of a satellite sweeps on the Earth surface. However, cells and foot print of satellite beams are static on the Earth. They do not sweep over the Earth surface

. A cell may be provided by one or several beams. This is illustrated below:
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Figure 1; Relative motion of a LEO satellite coverage wrt an Earth fixed cell provided by this satellite

The coverage of the serving satellite on Earth is depicted with a plain line while the coverage of the next satellite on Earth is depicted with a dotted line.  
Mobility of the UEs and their RRC connections between both satellites take place in the overlap area between the serving and the next satellite coverage in which  each satellite provides a Earth fixed cell. Both cells have to be superposed during a period of time to support the mobility of UEs between both satellites. Hence the UE can be served by any of the two cells. 

The positioning of the cells on the ground by satellites is left to implementation. 
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Figure 2: Earth fixed cell LEO: step 1/T0 - the UE are served by a cell provided by the serving satellite (no mobility of UE between satellites)
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Figure 3: Earth fixed cell LEO: step 2/T0+T - the UE are served by a cell provided by the serving satellite (no mobility of UE between satellites)
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Figure 4: Earth fixed cell LEO: step 3/ T0+2*T - the UEs can be served simultaneously by a cell provided by the serving satellite and a cell provided by the next satellite (mobility of UE between cells of different satellite can take place during the overlap duration)
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Figure 5: Earth fixed cell LEO: step 4/T0+3*T - the UEs are served by a cell provided by the next satellite which becomes the serving satellite (no mobility of UE between satellites)

In figure 4, both satellites provide a cell each with a specific PCI so that UE 1, 2 and 3 can perform mobility between both satellites (the serving one and the next one).

Mobility of the 3 UEs between 2 satellites can take place when the targeted UEs, are within the overlap area between both serving & next satellite coverage. The figure 4 illustrates the case when the targeted UEs can be served simultaneously by two superposed cells provided by the two satellites. Solutions to support UE mobility between satellites shall be defined in priority for this case.
After the overlap time (full superposition of the cells provided by both satellites) has elapsed, the serving satellite will no longer be able to provide the cell for the targeted UEs (1, 2 and 3). Hence the serving satellite will no longer steer the corresponding beam(s) towards the 3 UEs but can re allocate the beam(s) to another area (with other UEs if any). From the 3 UEs point of views, this satellite is no longer the serving satellite.

In the mean time, the next satellite keeps provide the cell serving the 3 UEs and hence becomes the serving satellite.
LEO with Earth moving  cells (and Earth moving beam footprints)
The following figures illustrate the displacement of satellite coverage (due to its relative motion) and its cells with respect to the 3 UEs static on the Earth.

The coverage of a satellite sweeps on the Earth surface along with the cells and the beam footprints. A cell may be provided by one or several beams.

The coverage of the serving satellite on Earth is depicted with a plain line while the coverage of the next satellite on Earth is depicted with a dotted line. 
Mobility of the UEs and their RRC connections takes place

· Between successive cells provided by a serving satellite 

· Between cells provided by the serving and the next satellite when in the overlap area between the serving and the next satellite coverage

Hence, mobility between cells happens such that, UEs are handed over gradually from cell to cell when they get covered by a new cell provided by the same or by the next satellite
. It may require overlap between the neighboring cells provided by same or by different neighboring satellites.

In the case of LEO Satellites with moving cells on the ground, mobility procedures (e.g. handover, cell selection and re-selection) occurs, in the reverse manner to the conventional cellular network: in this scenario UEs, even if they are moving, appear to be relatively stationary with respect to the motion of the satellite cells on the ground. In this situation UEs, with the motion of the satellites cells on the ground, encounters extremely fast cell selection and re-selection or hand-over approximately every 7 seconds (depending on the altitude of the satellite).
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Figure 6: Earth moving cell LEO: step 1/ T0 - the UEs are served by cell 1 provided by the serving satellite (no mobility of UE between satellites)
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Figure 7: Earth moving cell LEO: step 2/ T0+T - 2 UEs are served by cell 2 while UE1 is served by both Cell 1 & 2 of the serving satellite (mobility of UE between cells of same satellite)
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Figure 8: Earth moving cell LEO: step 3/ T0+2*T – UE 1 is served by cell 2 provided by serving satellite and UE 3 is served by cell 1 provided by next satellite while UE2 is served by both Cell 2 of serving satellite and Cell 1 of the next satellite (mobility of UE between serving and next satellites)
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Figure 9: Earth moving cell LEO: step 4/ T0+3*T – UE 1&2 are served by cell 1 provided by next satellite and UE 3 is served by cell 1 & cell 2 provided by next satellite (mobility of UE between cells of same satellite)

In figure 8, UE-3 is in the overlap area of both satellites and hence can be served by both satellites each providing a cell with a specific PCI so that UE-3 can perform mobility between both satellites (the serving one and the next one). Note that the cells provided by both satellites do not have to be fully superposed. It may be sufficient that they partially overlap one another. This up to implementation.


Observation 2.2-1: Conditions for successful mobility of UEs between satellites in LEO based Earth fixed cell versus moving cell
	
	Earth moving cell
	Earth fixed cell

	Occurrence of UE mobility
	Between neighbouring cell of same satellite 

Between neighbouring cells of respectively neighbouring satellites in the overlap satellite coverage
	Between neighbouring satellites in the overlap satellite coverage

Between neighbouring cell of same satellite 



	Possible conditions for successful mobility of UEs
	Overlap coverage between neighbouring satellites.

Partial superposition between neighbouring cells provided by same satellite or neighbouring satellites may be needed for the mobility of a given UE 
	Overlap in coverage between neighbouring satellites.

Full superposition of cells provided by same or neighbouring satellites may be needed during a sufficient time for mobility of the targeted UEs.




2.3 Operational constraints for LEO with Earth fixed cell vs Earth moving cell
Note: This section is provided as background information. The issues discussed herein are implementation and/or deployment issues, hence have no impact on 3GPP specifications.

Overlap duration
In both Earth fixed and Earth moving case, the design of the LEO constellation can ensure a sufficient duration for overlap between neighbouring cells and between satellite coverage to allow the successful mobility of UEs. This duration will depend on the satellite & cell coverage size, the maximum traffic targeted per cell and per satellite and the maximum hand-over rate that the network can accommodate. 
The constraints on the duration of coverage overlap between neighbouring satellites may relate to the time during which

· the 2 cells from both satellites are superposed (LEO based Earth fixed cell scenarios)

· the UE is located in the overlap radio coverage of two neighbouring cells provided by same of successive satellites (LEO based Earth moving cell scenarios)

Min elevation angle

The max differential delay depends on the cell size, the min elevation angle and the satellite altitude.The minimum elevation angle refer to the minimum angle under which the satellite can be seen by the UE and the horizon. This parameter is constellation design dependent.

For a given constellation (same beam/cell size, satellite altitude and number of satellites), the min elevation angle as well as max distance, Min & max delay contribution to RTD are the same for both Earth fixed and Earth moving cell cases.

Assuming same satellite altititude, max beam foot print size (table 4.2-2 in TR 38.821) and min elevation angle, the max differential delay in both Earth fixed and moving cell scenario will be identical..
The delay contribution to the RTD varies with the elevation angle of the satellite as seen by the UE. The rate of variation is same between both cases. However a UE may experience a higher amplitude of this variation for a given cell in case of Earth fixed cell compared to Earth moving cell. This is because the time during which a UE is served by a given cell is longer in the case of Earth fixed cell compared to Earth moving cell

· Earth fixed cell: time during which a UE is served by a given cell = duration of satellite visibility from UE point of view = up to several minutes (600 km satellite altitude and 10° min elevation angle)

· Earth moving cell: time during which a UE is served by a given cell = proportional to the cell size and satellite speed on ground = up to ten seconds (600 km satellite altitude and 100 km cell size diameter ) 

Hence, the user plane solutions to mitigate this amplitude and variation of the the RTD due to the satellite movement, identified in the TR 38.821 when analysing the support of LEO based Earth moving cell scenarios, can be used for the LEO based Earth fixed cell scenarios. This applies for example to RACH, HARQ procedures.
3 Potential impacts on NR/NG-RAN specifications for LEO based Earth fixed cell scenarios
3.1 User plane
The table 7.1-1 on delays and differential delays apply for both Earth fixed and mobile cell scenarios.

The variation of the propagation delay contribution to the RTD is the same in both scenarios (Earth fixed and moving).

Timing Advance (TA) is used to adjust the uplink frame timing relative to the downlink frame timing. The timing advance is twice the value of the propagation delay. Different UEs usually have different timing advance. In NTN, the maximum round trip delay is 541.46 ms for GEO and 25.77 ms for LEO. 
RAN1 has proposed in clause 6.3 of TR 38.821, two options for UL timing advance (TA) during intial access and maintenance.

· Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris.
· Option 2: Timing advanced adjustment based on network indication

In Option 1, the initial UL TA acquisition and UL TA maintenance relies only on GNSS capabilities and the physical constraints (relative velocity between UE and satellite) are identical between both scenarios assuming same cell size and satellite altitude. Therefore this option applies to both Earth fixed and moving cell scenarios.

In Option 2, a common TA is broadcasted by the network per satellite beam/cell to all UEs. The calculation of this common TA is conducted by the network with assumption on at least a single reference point per satellite beam/cell. The value of common TA is determined by d0 for regenerative payloads and d0+d0_F for transparent payloads as shown in Figure 9. 
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Figure 10: Common TA and UE specific TA calculation
TA common will vary following the movement of the satellite over the fixed cell area (while for mobile cells it remains constant within a given cell. This corresponds to the baseline common TA solution based on single reference point).
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Figure 11: TA common (d0) variation over time  for Earth Fixed beams scenarios
However it has been agreed in RAN1 that “whether and how to support the multiple reference points (i.e corresponds to update of the common TA) can be further discussed in the normative work”. Therefore, this option can also be considered for Earth fixed cell scenario. The planned discussion in the normative work is expected to address how this common TA update (multiple reference point granularity) will impact the accuracy of TA initial acquisition and how this can be solved by updating TA common will require further study.

The user plane timers and offset values (MAC, RLC, PDCP) can be dimensioned to accommodate the maximum delay contribution to the RTD. This delay is identical in both Earh fixed and moving cell scenarios for same min elevation angle and satellite altitude.

Further enhancements may be considered to adapt other user plane timers and offset values to this RTD variation in fixed cell scenario.

Observation 3.1.1: The proposed user plane solutions for Earth moving cell LEO scenarios to mitigate the extended delay are also applicable to Earth fixed cell LEO

Observation 3.1.2: The signalling of the common delay may have to be updated (by introducing multiple reference point) in Earth fixed cell scenarios compared to Earth moving cell scenarios. The update rate can be discussed further during the specifications development.
Observation 3.1.3: In both Earth fixed and moving cell scenarios, the user plane timers and offset values (MAC, RLC, PDCP) can be dimensioned to accommodate the maximum delay contribution to the RTD.
Observation 3.1.4: Further enhancements may be considered to adapt user plane timers and offset values to this RTD variation in fixed cell scenario.
Question#1. Companies are invited to provide their views on the NR-user plane impacts to support LEO based Earth fixed cell scenarios wrt LEO based Earth moving cell scenarios
	Company
	Comments

	Thales
	Agree with the observations 3.1.1, 3.1.2, 3.1.3 & 3.1.4

	Ericsson
	As state by Thales “How this variation will impact the accuracy of TA initial acquisition and how this can be solved by updating TA common will require further study.” The earth moving beam solutions are not enough for earth fixed for this case. Thus we cannot agree with observations 3.1.1 and 3.1.2.

Analysis for other UP aspects is pending.
What happened when TA has changed when UE wakes up from long DRX? Is it same as in moving beams?

	Huawei
	Agree with the observations above

	Nokia
	Agree with observations 3.1.1, 3.1.2 and 3.1.3. The update frequency needed in case of earth fixed cells depends also on the exact satellite constellation deployment, hence is partially an implementation issue.

	Vodafone 
	Agree with Observations 3.1.1 ,  3.1.2, 3.1.3 

	Thales
	Clarifications have been added in the paragraph above to address Ericsson & Nokia’s comments 
Hence, the user plane solutions identified during the study for LEO based moving cells can be reused for LEO based fixed cells

	Thales
	Further clarifications addressing Ericsson, Vodafone comments
More over about the question “What happened when TA has changed when UE wakes up from long DRX? Is it same as in moving beams?” answer see principles of 5G cellular network and also in the NTN with moving beams

	OPPO
	Agree with Observations 3.1.1 ,  3.1.2 and 3.1.3 

For Observations 3.1.4, as stated in section 2.3, “ The delay contribution to the RTD varies with the elevation angle of the satellite as seen by the UE. The rate of variation is same between both cases. However a UE may experience a higher amplitude of this variation for a given cell in case of Earth fixed cell compared to Earth moving cell.”  Does Observations 3.1.4 mean to consider further enhancement to adapt user plane timers and offset values due to higher amplitude of RTD variation in fixed cell scenario?



3.2 Control plane: Idle mode mobility

TR·38.821 tracking area study has been differentiated for GEO and LEO:

· For GEO, the current tracking area management is assumed as a baseline

· For LEO based Earth moving cell scenario (C2/D2), both moving and fixed tracking areas can be supported. Both require changes to the specs though with several identified solutions [1]. However, a fixed tracking area on Earth has been recommended as preferred solution.

For Earth fixed cell LEO (C1/D1), it is natural to consider fixed tracking area on Earth also. This allow to re-use the existing tracking area management featured of Rel-15 NR and NG-RAN specifications. No change are needed to the NG-RAN specifications.
Similar to LEO based Earth moving cell scenario (C2/D2), the network will update the broadcast TAC in real time according to the ephemeris and will confirm the broadcast TAC is associated with the geographical area covered by the satellite beam. 
UE listens to the broadcasted TAI (= PLMN ID + TAC) and determines when to trigger the registration area update procedure based on the broadcast TAC and PLMN ID when it moves out of the registration area.

This approach allows to use Rel-15 NR idle mode procedures 

and can be applied to UE with or without location information for scenarios C1 and D1. The TAU for scenarios C1 and D1 will be much less than the TAU for scenarios C2 and D2.

For earth moving cell scenario, it was concluded that existing cell selection/reselection procedure could be used, with possibly new triggers, when a new PCI/cell (e.g. from neighbouring satellite) appears. The same procedures can be considered for Earth fixed cell scenario when a new PCI/Cell becomes available to serve the targeted UE. 
As defined in clause 8.1.1 NTN cells are fixed w.r.t the ground (developed by RAN3), 

· “Note: For scenarios C1 (transparent payload), the TA list and paging messages could be sent by the same gNB to the NTN cell via all satellites covering this NTN cell.

· Note: For scenarios D1 (regenerative payload), the TA list and paging messages could be sent by the gNB on board all satellites covering this NTN cell.”
Observation 3.2-1: In case of LEO based Earth fixed cell scenarios, Existing tracking area management featured of Rel-15 NR and NG-RAN specifications can be used
	
	LEO based Earth moving cell
	LEO based Earth fixed cell

	Tracking area management
	Specification impacts are needed (see [1])
	The tracking area and PCI etc. are left to Operators’ implementation (but are fixed on ground)

The solutions developed for moving cells can be used for fixed cell (i.e. if PCI change happens the tracking area code may have to be updated with cell Id of the cells provided by the successive satellites).


Question#2. Companies are invited to provide their views on the NR-control plane/idle mode mobility impacts to support LEO based Earth fixed cell scenarios wrt LEO based Earth moving cell scenarios

	Company
	Comments

	Thales
	Agree with the observations 3.2.1

	Huawei
	Agree with the observations 3.2.1 partly. In our understanding, in fixed cell scenario if the PCI keeps the same all the time, there is no specification impact. But if PCI change occurs, e.g. due to the satellite change, the same solutions developed for moving cells can be reused.

	Ericsson
	For regenerative case, when new gNB comes to serve the same area(TA) is there a need to update something in the CN mapping such that paging can be done properly?

From gNB perspective, in phase 1, gNB serves another area on the ground and at some point starts to serve new area on the ground. If a UE in the old area is paged, how is the network aware which area is pages and by which gNB? Is this done per implementation or is there a need to change mapping of gNB ID to TAU?

 How is this for the transparent case? Does it depend on how feeder link switch is timed wrt serving satellite switch?

Too early to declare there is no specification impact as only tracking area management has been considered for idle mode UEs. 

For cell selection/reselection, wew solutions are needed to inform UE on timings on when the new PCI will be available for measurement and possible cell selection/reselection and which frequencies should be considered. Otherwise UE does not find the new cell in fast enough leading to serving interuptions.

	Nokia
	Agree with observation 3.2.1.

	Vodafone
	Agree with observation 3.2.1

	Thales
	Clarifications (including wrt cell selection/reselection) have been added in the paragraph above to address Ericsson and Huawei’s comments .
Hence, the control plane/idle modesolutions identified during the study for LEO based moving cells can be reused for LEO based fixed cells

	OPPO
	For the case of LEO based Earth fixed cell scenario, as stated in the above table, specification impacts are needed if PCI changes happen. We think there may be some conflict between the two statements of “No specification impacts is observed
. The racking area and PCI etc. are left to Operators’ implementation” and “The solutions developed for moving cells can be used for fixed cell (i.e. if PCI change happens the tracking area code may have to be updated with cell Id of the cells provided by the successive satellites).”  So we propose to delete the former statement.




3.3 Control plane: Connected mode mobility

TR38.821 considers that both options, a) same PCI for several satellite beams and b) one PCI per satellite beam, can be considered in NTN.  

For LEO based Earth moving beams, cells and beams move along with the motion of the satellite. The UE on ground will see successive cells each with a different PCI. 

· Transparent LEO with  gNB on ground: the PCI list associated to each ground gNB will be constantly changing. How this is addressed is covered by RAN3. 

· Regenerative LEO with gNB or split gNB  on board the satellite: the PCI list associated to each satellite remains constant and has no impact on 5G NR.
For LEO based Earth fixed cell scenarios, the cell area over the Earth remains fixed.

· Transparent LEO with gNB on ground, 2 options are possible:

· Option 1. PCI associated to the cell changes with the satellite. Similar to moving beams, the PCI list associated to each ground gNB will be constantly changing.
· Existing UE hand-over procedure can be used

· Option 2. The PCI is constant and allocated to the targered cell area. This may cause RLF (due to sudden TA change and SSB tracking change at satellite switchover) as well as security update issue and UE context transfer issue.

· This requires further study
· Regenerative LEO with gNB or split gNB is on board the satellite,

· the PCI associated to each cell will be specific for each successive satellite. However, a PCI list associated to each satellite gNB or gNB-DU remains constant.

· Existing UE hand-over procedure can be used

In the appendix, the use of UE hand-over procedure in NTN scenarios for both transparent and regenerative case is described. It also includes the analysis of the delay impacts which is the same for LEO based Earth moving or fixed cell scenarios.

For earth moving cell scenario, it was concluded that existing hand-over procedure could be used, with possibly new triggers, when a new PCI/cell (e.g. from neighbouring satellite) appears. The same procedures can be considered for Earth fixed cell scenario when a new PCI/Cell becomes available to serve the targeted UE. 
Observation 3.3-1: In LEO based Earth fixed cell scenarios when the PCI associated to a cell is specific to each satellite, hence a given static UE will see successive cells and different PCIs. This is the same as for LEO based Earth moving cell scenarios. The solutions defined to support LEO based Earth moving cell scenarios can be used for LEO based Earth fixed cell scenarios
Observation 3.3-2: In LEO based Earth fixed cell scenarios when the PCI associated to a cell is specific to an area, hence a given static UE will see the same cell (PCI doesn’t change) but provided by successive satellites. This may require further study.
Question#3. Companies are invited to provide their views on the NR-control plane/connected mode mobility impacts to support LEO based Earth fixed cell scenarios wrt LEO based Earth moving cell scenarios

	Company
	Comments

	Thales
	Agree with the observations 3.2.1

	Huawei
	Partly agree. We agree that if PCI associated to a cell is specific to each satellite, the situation is the same as moving cells so the solutions applicable to moving cell can be reused for fixed cell scenario. But we are not sure if this way should be recommended.

Because if the PCI doesn’t change, especially in LEO transparent case (gNB on the ground doesn’t change, only satellite relay changes), it would be more simple to handle from both network and UE perspectives. And according to the statement in previous sub-clause, it ensures that “typically a LEO constellation is designed to allow a sufficient duration for overlapping coverage between 2 successive satellite on a particular point on Earth for such transfer”, so a static UE will be served by current cell constantly without handover. In this case nothing need to be enhanced in the aspect of connected state mobility.

	Nokia
	The observation 3.3-1 could be rephrased. 

Partially agree.  

	Vodafone
	We agree with the observation 3.3.1 as one type of implementation, however as discussed previously, in order to prevent cell selection and re-selection, successive moving cells can be designed to have the same PCI. 

	Thales
	Clarifications have been added in the paragraph above to address Ericsson, 

Huawei & Nokia’s comments.

Hence, the control plane/connected mode solutions identified during the study for LEO based moving cells can be reused for LEO based fixed cells

	Ericsson
	Similar to Huawei, even is it would be technically possible to apply a solution specified for moving beams to a fixed beams it does not mean it is A needed, B solves what needs to be solved for fixed beam case. Thus stating the solutions can be reused is misleading
.

	OPPO
	Agree with Observation 3.3-1 and Observation 3.3-2.


4 Summary of impacts on 5G NR specification for LEO based earth fixed cell scenarios
The NR impacts associated to the support of LEO based earth fixed cell scenarios compared to LEO based Earth fixed cell scenarios is summarised in the table below. We assume that sufficient overlap time is ensured by the constellation design to allow for a given cell, mobility of UEs between successive satellites.
Table 2: NR impacts for LEO based Earth fixed cell scenarios
	TR38.821 Section
	RAN2 features
	NR impact for Earth  Fixed C1, D1

	7.1.1  Delay
	The radio propagation delay calculations have been performed for all possible scenarios including fixed and moving beams. They are available in table 4.2-2 and T.1-1. They are independent on whether the beams are fixed or moving on earth.


	Same solutions as for Earth moving cell scenarios. 

	7.2 User plane 

7.2.2 MAC
	Random access capacity is not linked to beam mobile or fixed
	Same solutions as for Earth moving cell scenarios 

	
	4-step RACH enhancements for non terrestrial networks
	Same solutions as for Earth moving scenarios 

	
	Enhancement to preamble detection

· Preamble receiving window : based on the differential delay definition; 

· Ambiguity on preamble reception at the network side solved by Proper PRACH configuration in the time domain and Preamble division 


	Same solutions as for Earth moving cell scenarios. 

	
	Enhancement to random access response window
	Same solutions as for Earth moving cell scenarios 

	
	Enhancement to timing advance proposed solutions

· TA extension

· TA common
	Same solutions as for Earth moving cell scenarios (see clause 3.1 of this TDOC)

	
	2-step RACH procedure
	Same solutions as for Earth moving cell scenarios 



	
	DRX, scheduling request,  HARQ, RLC , PDCP
	Same solutions as for Earth moving cell scenarios



	
	Section 7.2 Control plane enhancements

a) same PCI for several satellite beams and b) one PCI per satellite beam, can be considered in NTN
	Same solutions as for Earth moving scenarios



	
	Idle mode – tracking areas

..
	Fixed tracking areas recommended just as in cellular system

Existing NR functions apply (as described in clause 8.1, the list of cells within tracking areas have to be updated from time to time).

 The tracking area design is left to implantations and network design

	
	Mobility state estimation mechanism

Analysis performed for GEO and LEO
	Like for LEO based Earth moving cell scenario, The use of MSE is implementation specific

	
	Idle mode – cell selection/reselection


	The same cell selection/reselection procedures (with proposed new triggers for NTN) can be considered for Earth fixed cell scenario when a new PCI/Cell becomes available (e.g. as soon as an Earth fixed cell has been handed over) to serve the targeted UE.

	
	Using ephemeris information and UE location

Ephemeris pre-provision and updates
	Same ephemeris data and UE location information can be considered for both scenarios 

	
	System information broadcast

Exact NTN SI and refresh type will be determine in WI phase
	To be analyzed in WI phase (Same as for Earth moving cell scenarios)

	
	Connected mode mobility enhancements

Latency associated with mobility signaling

Measurement validity linked to latency

Cell overlap and reduced signal variation

Frequent and unavoidable handover

Maintenance of the candidate cell: impact on dynamic neighbor cell set

Dynamic neighbor cell set: depending on the implementation; if PCI/SSB combination is specific to a satellite, the neighboring cell set may constantly change for stationary and moving UEs


	Same solutions as for Earth moving cell scenarios can be considered and down selected in normaive phase.





	
	Enhancements to measurement Configuration / Reporting

· Conditional triggering of measurement reporting

· Inclusion of location information in the measurement report

· Network compensation of propagation delay difference between satellites
	The same measurement procedures (with possibly new triggers for NTN) can be considered for Earth fixed cell scenario.

	
	Handover procedures
· Measurement based triggering

· Location (UE and satellite) triggering

· Time(r ) based triggering
	Same solutions as for Earth moving cell scenarios
The same hand-over procedures (with possibly new triggers for NTN) can be considered for Earth fixed cell scenario when a new PCI/Cell becomes available to serve the targeted UE.
Note that in average the hand-over will be less than for Earth moving beams (C2/D2) but peak rate may be higher over shorter time. This is an implementation issue.



	
	Mobility configurations

· Broadcast configuration


	Same solutions as for Earth moving cell scenarios can be used.
e.g. Common TA broadcast


Question#4. Companies are invited to provide their views on the NR impacts to support LEO based Earth fixed cell scenarios wrt LEO based Earth moving cell scenarios

	Company
	Comments

	Thales
	Agree with the observations 3.2.1

	Huawei
	Agree with the observations 3.2.1

	Nokia
	Based on the current analysis, we do not see any additional impact to the specifications for fixed cells as compared to moving cells.

	Vodafone 
	Agree with observation 3.2.1 

	Thales
	Clarifications have been added in the paragraph above to address Ericsson, Huawei & Nokia’s comments.

Hence, the solutions identified during the study for LEO based moving cells can be reused for LEO based fixed cells

	OPPO
	Agree with the observations 3.2.1

	
	


5 Impacts on performances for LEO with Earth fixed cell vs Earth moving cell

In [2] and [3], some RAN2 related performances such as hand-over rate have been evaluated for both Earth fixed and moving cell scenarios.

Both scenarios will lead to different implementation issues to be addressed since the hand-over rate profile may be different.

6 Reference

[1] 3GPP TR 38.821
Solutions for NR to support non-terrestrial networks     
[2] R2-1916240

Discussion on Earth fixed vs. Earth moving cells in NTN LEO
[3] R2-1915599

Hand-over rate in Earth fixed vs. Earth moving cells in NTN LEO 

7 Text Proposal for TR 38.821

<Start of TP>

7.4
Earth fixed cells vs Earth moving cells
Compared to LEO based Earth moving cells scenario where cells are moving on the ground, LEO based Earth fixed cells scenario refer to NTN that provide cells fixed with respect to a certain location on the Earth during a certain time duration. This can be achieved with NTN platforms generating steerable beams which footprint is fixed on the ground.

The same solutions identified for Earth moving cell scenario can also be applied for Earth fixed cell scenario, however whether specific solutions are necessary (or preferred) for each scenario can be further evaluated in the normative phase (See [XX] R2-1916351 “[108#06][NTN] Earth fixed vs. Earth moving cells in NTN LEO, Thales).
<End of TP>
<Start of TP>
9.2
Recommendations from RAN2

Based on the study performed, Rel.15 and NR can support NTN scenarios with enhancements identified below to be considered as part of the normative work.
In general,
· Offset based solutions for timer adaptations are preferred to support all NTN scenarios.

· Earth fixed tracking area is recommended.

The Rel-15’s user plane procedures apply to NTN with enhancements to the following features

· MAC
· Random access:

· Definition of an offset for the start of the ra-ResponseWindow for NTN and extension of the ra-ResponseWindow duration to support UE without location information.

· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention

· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptations for UEs with GNSS capabilities; timing advance and msg3 scheduling.

· Timing advance: TA calculation and signaling adaptation to deal with NTN maximum round trip delay in LEO and GEO scenarios for UE with and without UE location information.

· DRX: 

· If HARQ feedback is enabled, an offset should be added for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure may be required

· Options for UE power saving for SR and CFRA can be discussed during work item phase
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 
· HARQ
· enabling / disabling of uplink HARQ feedback for downlink transmission at the UE receiver should be configurable per UE and per HARQ process. 
· enabling / disabling of HARQ uplink retransmission should be configurable per UE or per HARQ process. The LCP impact caused by disabling the HARQ uplink retransmission configuration and its impact on UE’s uplink transmission should be discussed in the work item phase.
· Multiple transmission of the same TB to lower residual BLER should also be configured.
· RLC

· Status reporting: Extension of the value range of t-Reassembly
· Sequence Numbers: extension of the SN space only for GEO scenarios will be discussed during the work item phase

· PDCP

· SDU discard: Extension of the value range of discardTimer will be discussed during the work item phase.

· Sequence Numbers: extension of the SN space for GEO scenarios will be discussed during the work item phase.

The Rel-15’s control plane procedures apply to NTN with enhancements to the mobility management procedures when considering Earth moving beam footprint option.

· Idle mode: 

· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)

· Use earth-fixed tracking area to avoid frequent TAU

· NTN cell specific information in SIB

· Connected mode: 

· Definition of schemes to reduce service interruption during Hand-Over due to large propagation delay (especially in the case of GEO transparent)

· Definition of schemes to tackle frequent handover and high handover rate due to satellite movement (e.g. LEO NTN)
· Definition of schemes to improve handover robustness due to small signal strength variation in regions of beam overlap

· Definition of schemes to compensate for propagation delay differences in the UE measurement window between cells originating from different satellites, especially for LEO NTN

· Other mobility enhancements: 

· Additional CHO triggering conditions (e.g. location/time based), and adaptation of measurement-based thresholds and events to the NTN environment.

· Possible enhancements to mobility configuration (e.g. to support broadcast configuration)

· Enhancements to measurement configuration/reporting (e.g. pre-triggering based solutions) 

· Service continuity for mobility from TN to NTN and from NTN to TN systems

· Feeder link switchover 

· Definition of Soft and Hard feeder link switch types between different NTN GWs toward the same satellite. Soft feeder link switchover implementation is considered as first priority.
The Rel-16’s user plane 2 step RACH procedure can be considered during the WI phase with possible enhancements:

· The required adaptations will be discussed during the WI phase, such as inclusion of assistance information, e.g., SFN index, in MsgA etc.
· The trade-off between latency gain and UL overhead impact caused in NTN scenarios by the introduction of 2-step RACH procedure can be further discussed during the normative work.

The same solutions identified for Earth moving cell scenario can also be applied for Earth fixed cell scenario, however whether specific solutions are necessary (or preferred) for each scenario can be further evaluated in the normative phase.


<End of TP>
8 APPENDIX: NG-RAN defined UE hand-over procedure in NTN

3GPP TR 38.821, Table 8.3-1 identifies the applicable NG-RAN hand-over procedures for each NTN hand-over scenario. As reference for the Earth fixed cell analysis, we consider that the NG-RAN hand-over procedures apply for both moving and fixed cells scenarios.

	NTN Hand-over scenarios
	Transparent satellite
	Regenerative satellite (gNB on board)
	Regenerative satellite (gNB-DU on board)

	Intra satellite hand-over
	Intra-gNB handover procedure
or Inter-gNB handover procedure
	intra gNB hand-over procedure
	Intra-gNB-CU Mobility/Intra-gNB-DU handover or  Inter-gNB-CU handover  (See §8.2.1.2 in TS 38.401)

	Inter satellite hand-over
	Inter-gNB handover procedure or Intra-gNB handover procedure (See §9.2.3 in TR 38.300)
	inter gNB hand-over procedure (See §9.2.3 in TR 38.300)
	Intra-gNB-CU Mobility/ Inter-gNB-DU Mobility or or  Inter-gNB-CU handover (See §8.2.1.1 in TS 38.401)

	Inter access hand-over
	
	Inter AMF/UPF hand-over procedure or Intra AMF/UPF hand-over procedure (out of RAN scope)
	Intra-gNB handover procedure
or Inter-gNB handover procedure


The basic UE handover procedure is illustrated in Figure 15 applies for both LEO transparent and LEO regenerative with gNB on board. The processing delay in both gNB side and UE sides are marked.
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Figure 12: UE Handover procedure (Source TR 38.821, figure 7.3.2.1.1-1) 
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. The interruption time is however different regarding to uplink and downlink. 

For the downlink the interruption time can be defined as the time from network sending RRCReconfiguration with sync (Step 3) until the target gNB receives the RRCReconfigurationComplete (Step 6). Since the gNB cannot send more data after step 3, and it can continue after it receives RRCReconfigurationComplete. For the uplink, the UE can potentially continue sending data to the source gNB until RRCReconfiguration with sync is received, the interruption time can be defined as the time from UE receiving RRCReconfiguration with sync (Step 3) until the target gNB receives the RRCReconfigurationComplete (Step 6). 

Without considering latencies such as RRC processing delay and UE retuning its frequency circuits (which is smaller than the RTT), the interruption time would be 2 RTT (about 2* 25.77 ms for transparent payload, 2*12.89 for regenerative payloads) for downlink and 1.5 RTT (about 1,5* 25.77 ms for transparent payload, 1,5*12.89 for regenerative payloads) for uplink.

In case of LEO regenerative with split DU-CU the TS38.401  handover procedures are shown in the following figures.
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Figure 13: Inter-gNB-DU Mobility for intra-NR
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Figure 14: Inter-gNB-DU Mobility using MCG SRB in EN-DC
A similar analysis of the impact of NTN delay over a split CU-DU shows that for Inter-gNB-DU Mobility for intra-NR and Inter-gNB-DU Mobility using MCG SRB in EN-DC , without considering latencies such as RRC processing delay and UE retuning its frequency circuits (which is smaller than the RTT), the interruption time would be 2 RTT (about 2* 25.77 ms for transparent payload, 2*12.89 for regenerative payloads) for downlink and 1.5 RTT (about 1,5* 25.77 ms for transparent payload, 1,5*12.89 for regenerative payloads) for uplink.

Scenario 1. Transparent LEO,  different gNBs

Figure 14, illustrates the cell handover for a Transparent LEO with fixed cells.  At T1, gNB1 serves the fix area cell with cell1 PCI1 via Satellite S1. At instant T1.5, satellite S1 has reached a certain elevation angle and gNB2 starts to serve the same area with cell2 PCI2 through satellite S2 . At this moment, the fixed cell area is served simultaneously by the two satellites and two different cells (two different PCIs). There is a HO based solution that should be feasible with Rel-15 or close to Rel-15 assumptions. This assumes that it is possible to represent cells of two different gNBs over a given area via the different satellites and different NTN-GWs. The two gNBs may utilize different radio resources of each transparent satellite to ensure both gNBs are visible to the UE (overlapping coverage areas) simultaneously.
During the overlap time period, UEs from PCI1 and gNB1 would HO to PCI2 and gNB2. At T2, gNB1 may turn off cell 1 with PCI1 served via satellite S1. During the first period of the overlap, gNB1 may configure a conditional handover to gNB2, after which gNB2 is available for a second time-period when the UEs can then perform the radio handover. Furthermore, the mobility solution may need to also mitigate for the fact that the UEs may observe very similar RSRP/RSRQ of the service links, provided by the source and target gNBs, because the reference signals are transmitted from the same satellite. One solution may be left to network implementation, e.g. setting proper event A5 thresholds for conditional handover to enable handover, or to rely on radio propagation time instead or in combination with the RSRP/RSRQ radio measurements. Relying on radio propagation time includes to take the RTT experienced by the UE into account in handover decisions. Either as condition in CHO or in network HO decision.
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Figure 15: Transparent LEO different gNBs T1 minimum elevation angle reached
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Figure 16: Transparent LEO different gNBs T1.5  Overlap for handover
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Figure 17: Transparent LEO different gNBs T2, satellite switchover completed
Scenario 2. Transparent LEO, same area coverage, same gNB
It is also possible that at T1 one gNB is connected to satellite S1 serving a fixed cell area coverage , and at T2 the gNB connects to satellite S2 to cover the same area cell and disconnect from satellite S1. In this scenario two different approaches could be achieved:

· Different PCI : at T1, gNB is serving the cell area with PCI1 through satellite S1, at T1.5 the gNB starts serving the same area cell with PCI2 through satellite S2. Similar to the two gNB case, during the first period of the overlap, gNB1 may configure a conditional handover to gNB2, after which gNB2 is available for a second time-period when the UEs can then perform the radio handover.

· Same PCI: at T1, gNB is serving the cell area with PCI1 through satellite S1, at T2 the gNB will be serving the cell area with the same PCI1 but through satellite S2. Although the serving gNB keeps unchanged in this case, the SSB tracking and Timing Advance would be problematic due to sudden change of propagation delay, which has a large impact on data transmission. This type of solution would require further study from RAN1 and RAN4.


[image: image18.emf]Satelite#2 Satellite#1

Cell 1 served by 

gNB1 via Satellite#1

PCI1

gNB1


Figure 18: Transparent LEO same gNB T1, minimum elevation angle reached
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Figure 19: Transparent LEO same gNB T1.5, overlap period for handovers
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Figure 20: Transparent LEO same gNB T2, transition to Satellite#2 completed
Scenario 3. Regenerative satellite, split gNB

In this architecture the gNB-CU on the ground is centralized and the gNB-DU is on board the satellite. The gNB-DUs on board the satellite will be connected to one gNB-CU. In case gNB-DU connects to a new gNB-CU, the UE will need to perform a handover or cell reselection. 

The handover procedure should follow the Inter-gNB-DU-Mobility. Instead of considering the UE is moving from one gNB-DU to another gNB-DU within the same gNB-CU, it is the gNB-DUs that are moving and need to reconnect with the gNB-CU on ground. At T1, only gNB-DU1 is connected to the gNB-CU, at T1.5 gNB-DU2 connects to gNB-CU, having the two gNB-DUs connected to the same gNB-CU and allowing the UEs to perform Inter-gNB-DU mobility. At T2, only gNB-DU2 is connected to gNB-CU.

The change of gNB-DU can be seen as a switchover of gNB-DUs that are serving the same geographical area, each gNB-DU with different set of PCIs. This switchover is equivalent to adding or removing an SCTP association between the CU and the DU, except that NTN RTT delays impacts on signaling protocols should be addressed. This switchover should be seen equivalent to the moving beams scenario. The two gNB-DUs of each satellite may utilize different radio resources to ensure both gNBs are visible to the UE (overlapping coverage areas) simultaneously.
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Figure 21: Regenerative LEO split gNB T1, minimum elevation angle reached
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Figure 22: Regenerative LEO split gNB T1.5, cell overlap
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Figure 23: Regenerative LEO split gNB T2, handover completed
Scenario 4. Regenerative satellite, full gNB on board
At T1, gNB1 in satellite S1 serves cell1 with PCI1 over the fixed cell area coverage. At T1.5, both gNB1 and gNB2 are seen by the UE over the same area coverage. gNB2 in satellite S2 will serve cell2 with PCI2. During the first period of the overlap, gNB1 may configure a conditional handover to gNB2, after which gNB2 is available for a second time-period when the UEs can then perform the radio handover. Furthermore, the mobility solution may need to also mitigate for the fact that the UEs may observe very similar RSRP/RSRQ of the service links, provided by the source and target gNBs, because the reference signals are transmitted from the same satellite. One solution may be left to network implementation, e.g. setting proper event A5 thresholds for conditional handover to enable handover, or to rely on radio propagation time instead or in combination with the RSRP/RSRQ radio measurements. Relying on radio propagation time includes to take the RTT experienced by the UE into account in handover decisions, either as condition in CHO or as network HO decision.
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Figure 24: Regenerative LEO gNB on board T1, minimum elevation angle reached
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Figure 25: Regenerative LEO gNB on board T1.5,overlap period for handovers
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Figure 26: Regenerative LEO gNB on board T2, UE handovers completed, cell 1 off
END

�What is radio mobility?


�Just mobility as suggested by Vodafone


�If this is true, how can we have case in figure 2 and then later figure 3? These cannot be true simultaneously. As to get from 2 to 3, the (edge of) cell coverage provided by upcoming satellite is moving.


�The satellite coverage moves on ground, but the cells/beam foot prints are fixed wrt reference point on earth


�We have still issues in understanding this case. Why do we have the sweeping beam here? Why not only figure 1 and 3 enough? If the coming satellite cannot cover whole cell, why the partial coverage needs to considered? Should we not start the analysis from the simple case?





Also, what does it mean that UEs are served by cell and partially another cell? What does partial serving mean? Are UEs in DC? Are some UEs in DC? 





How are measurements handled if the cell coverage changes from partial to full? How is UE averaging RSRP?


�Neither moving beam nor cell on ground. Just moving satellite coverage on ground


�This is true


�I think this case brings up more questions that answers. Would prefer to treat it later if necessarery after basic case is understood.


�this up to implementation


�As clarified in clause 3.1, The user plane timers and offset values (MAC, RLC, PDCP) can be dimensioned to accommodate the maximum delay contribution to the RTD. This delay is identical in both Earh fixed and moving cell scenarios for same min elevation angle and satellite altitude





An alternative could be to adjust the mitigation according to the varying RTD, but the benefit are not clear and this would require further study





�This include also cell selection/reselection and these have nothing to do with TAU.





For cell selection/reselection, wew solutions are needed to inform UE on timings on when the new PCI will be available for measurement and possible cell selection/reselection and which frequencies should be considered. Otherwise UE does not find the new cell in fast enough leading to serving interuptions.


�See new text added below


�Added to address Oppo’s comment


�OK to remove the sentence  


�We did not comment this section so far


�OK removed


�Solutions defined for earth moving cell can be considered and down sleected for Earth fixed cell 


�We have comments in those observations. Also did not see any calculation actually and what does it mean all possible cases? All beam sizes or all elevation angles or? Are the results of these calculations somewhere?


�As explained in clause 2.3 of this TDOC, the delay calculations in table 4.2.2 applies to both fixed and moving cell scenarios


�Does this configuration need to be updated as the satellite moves and cell is kept fixed and hence elevation angle changes? 


�As clarified in clause 3.1, The user plane timers and offset values (MAC, RLC, PDCP) can be dimensioned to accommodate the maximum delay contribution to the RTD. This delay is identical in both Earh fixed and moving cell scenarios for same min elevation angle and satellite altitude.


�Has not been discussed and there fore not concluded.


�2 step RACH as not been studied in detailed for Earth moving cell. Therefore it is captured in the TR 38.821 conclusion “The Rel-16’s user plane 2 step RACH procedure can be considered during the WI phase with possible enhancements: The required adaptations will be discussed during the WI phase, such as inclusion of assistance information, e.g., SFN index, in MsgA etc.”. Therefore this feature could be considered during the normative phase for both Earth moving and fixed cell scenarios


�e.g. DRX and scheduling request have not been discussed. What happened when TA has changed when UE wakes up from long DRX?


�The basic principles of 5G cellular network on this, also applies to NTN regardless of the fixed/moving beam scenario


�Which solutions are referred here?


�same PCI for several satellite beams or one PCI per satellite beam can be considered for Earth fixed. However we will assume as baseline that each satellite providing a cell to a given area will use a different PCI. Further enhancements may consider same PCI associated to the area, but this requires further study.


�What about cell selection/reselection?


�Clarification has been added in clause 3.2 of this TDOC and in a new row of this table


�Same solutions might not be useful for earth fixed case and new solutions might be needed.


�All identified solutions in the TR may not be selected/preferred for respectively Earth moving cell/fixed cell


�Possibly UE location is not necessary information to trigger hand-over in Earth fixed scenarios.
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