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1. Introduction
The discussion on cell definition and mobility in NTN was kicked off at RAN2#103bis meeting. Specially, Thales mentioned the case two satellite beams covering the same geographical area for LEO earth fixed beam. In this paper, we analyze and propose some suggestion on cell definition for this case. In addition, we share some consideration and understanding about the mobility handling in NTN for IDLE and CONNECTED states and propose possible solutions to avoid the negative impacts caused by the long propagation delay during handover procedure.
2. Discussion
2.1.Definition of cell in NTN
In the latest TR 38.321[1], we have the following descriptions:
	Earth-fixed beams
	Yes
	Scenario C1: Yes (steerable beams), see note 1
Scenario C2: No (the beams move with the satellite)
Scenario D 1: Yes (steerable beams), see note 1
Scenario D 2: No (the beams move with the satellite)


Based on the such descriptions, it can be observed that both the “Earth-fixed beams” and “Moving beam” can be used by satellite:
· For GEO satellites, “Earth-fixed beams” is always assumed
· For LEO satellites, both “Earth-fixed beams” and “Moving beams” are applicable
Therefore, both the “Earth-fixed beams” and “Moving beams” should be taken into account in the analysis of NTN mobility.
Based on the description in TR 38.821, the “Earth-fixed beams” means the satellite steer beams towards fixed points on earth using beam forming techniques, which is applicable for a period of time corresponding to the visibility time of the satellite. For the “Earth-fixed beams”, one thing need to be discussed first is the relationship between the “Earth-fixed beams” and the cell. In case one area is covered by only one “Earth-fixed beams”, it is clear that the “Earth-fixed beams” will be considered as one cell. However, in case one area is covered by multiple overlapped “Earth-fixed beams” from different satellites, it should be clarified first whether the overlapped “Earth-fixed beams” should be modeled as different cells or different beams(e.g. SSB) of one cell?


From RAN2’s point of view, we see some benefits to distinguish the signals from different satellites in the following aspect:
· Load balance: The load situation on different satellites may be different, at least in the case of “Regenerative satellite”, thus the UAC parameters broadcast in system information may be different.
· RA resource configuration: To provide more RA resource and avoid the congestion/interference, different RA resource in time/frequency domain can be configured for different “Earth-fixed beams”.
· TA maintainence: Different “Earth-fixed beams” may have different TA requirement/assumption.
· Positioning: For the purpose of positioning, assuming the GNSS or OTDOA similar location mechanism will be used on UE side and considering the location of satellites are different at a certain time, the UE need to distinguish the signal from different satellites.
Based on the benefits identified above, we think the overlapped “Earth-fixed beams” from different satellites should be modeled as different cells and different PCI should be used in such “Earth-fixed beams” on the same frequency.
Observation 1: The overlapped “Earth-fixed beams” from different satellites should be modeled as different cells. And different PCIs should be assumed for such “Earth-fixed beams” from different satellites on the same frequency.
Similar as “Earth-fixed beams”, the benefits identified above are also applicable to the “Moving beams”, which is defined as the beams move with the satellite. In addition, since the beams is moved along with the satellites, it is more straight forward that the “Moving beams” from different satellites should be considered as separate cell, otherwise the cell will be split by the movement of the satellites.
Therefore, based on the analysis above, we propose that no matter the “Earth-fixed beams” and “Moving beams” are used, the satellite beams from different satellites should be modeled as different cells. And different PCIs should be assumed for such satellites beams from different satellites on the same frequency.
Proposal 1: No matter the “Earth-fixed beams” or “Moving beams” are used, the satellite beams from different satellites should be modeled as different cells. And different PCIs should be assumed for such satellites beams from different satellites on the same frequency.
During the e-mail discussion, the following issue was discussed:
Whether satellite beams, satellites or satellite cells are visible from UE perspective or not e.g. in RRC signalling from RAN2 perspective? 
The majority proposes that satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI while we share some different understanding.
First of all, we agree that the existing NR Cell, beam should be reused in the final TS. In other words, the current specified PCI, SSB, CSI-RS etc. are visible from UE perspective. 
However, based on the progress from RAN1, we can see some different characteristics between TN and NTN, e.g.the large Doppler shift differences and large delay in NTN etc. We see some benefits for UE to distinguish between TN and NTN, especially when UE is under coverage of both a TN cell and NTN cell, UE can choose one of them to camp for service. Thus, from this perspective, we would like the satellite cells to be visible to UE and have the following proposal about how to indicate a NTN cell.
Proposal 2: An indication is introduced to identify non-terrestrial network. The indication can be delivered via RRC signaling in an implicit or explicit way:
· Implicit indication: Specific values of PLMN ID are reserved for non-terrestrial network. An MCC is allocated and assignment of MNCs are made by the Director of TSB for a satellite or non-terrestrial-network.
· Explicit indication: Add a separate IE in SIB1 to indicate non-terrestrial network.
As mentioned above, when a UE moves from one beam spot to another, the timing advance and RA resource configuration would be different. So, we see some advantages in mobility if satellite beams are visible to UE. 
The issue is somehow related to the deployment options [2]:
−For option b, individual satellite beams are linked with individual PCIs. So the satellite beams are of course visible to UE as a consequence.  
−For option a, PCI is shared by multiple satellite beams, the UE is not able to distinguish different satellite beams based on the PCI. In this case, we suggest to introduce some satellite beam indication via system information or dedicated RRC signaling or link each satellite beam to one SSB within the NTN cell thus the satellite beam are visible to UE from the SSB index.
Observation 2: In some deployments, individual satellite beams are linked to individual PCIs, the satellite beams are kind of visible to UE, which benefits the mobility.
Proposal 3: In some deployments when PCI is shared by multiple satellite beams, the satellite beams are visible to UE in a implicit way or explicit way:
· Implicit indication: each satellite beam is linked to one SSB within the NTN cell. The satellite beam are visible to UE from the SSB index.
· Explicit indication: satellite beam indications are provided to UE via system information or dedicated RRC signaling. 
At last, regarding of whether the satellite is visible to UE, we can see some benefits for UE to know the satellite system ID and satellite ID. When multiple satellite systems are deployed and the satellites from different systems can be shared by each other, UE can derive the location or predict the target satellite according to ephemeris with the knowledge of the satellite system ID and satellite ID which benefits mobility.
Observation 3: With the knowledge of satellite system ID and satellite ID, it is possible for UE to derive the location or predict the target satellite according to the ephemeris which benefits mobility.
Proposal 4: The satellite system ID and satellite ID is provided to UE via system information or dedicated RRC signaling.
2.2.Mobility
2.2.1.IDLE mobility
Based on the proposal 1, since the overlapped “Earth-fixed beams” from different satellites will be modeled as different cells, the NR IDLE cell selection/reselection mechanism can be reused in NTN. And the UE should process the cell selection/reselection based on the signal strength and quality. One example for IDLE mobility is given as follow:


Different from legacy NR terrestrial networks, the IDLE mobility will be triggered by either the movement of UE or the movement of satellite, which means frequent cell reselection will be triggered by the movement of satellites, even the UE is static. However, frequent cell reselection does not mean more signaling consumption between UE and NW. Based on current specs, the UE will only initiate the signaling connection in IDLE mobility for the purpose of tracking area update. And based on the agreements made in RAN3 that “a tracking area corresponds to a fixed geographical area”, we can assume the TAU will not be triggered in case the UE is static, even frequent cell reselection will be triggered by the movement of satellites, thus we don’t see the risk for the extra signaling consumption caused by IDLE mobility, compared to the terrestrial networks. 
Observation 4: Even more cell reselection will be triggered by the movement of satellites, considering the agreements that “a tracking area corresponds to a fixed geographical area”, the TAU will not be triggered frequently, thus no optimization is needed for such frequent cell reselection caused by the movement of satellites.
Proposal 5: The IDLE mobility mechanism defined in NR can be reused in NTN. No optimization is needed for the frequent cell reselection caused by the movement of satellites.
2.2.2.CONNECTED state mobility
Based on the proposal 1, since the overlapped “Earth-fixed beams” from different satellites will be modeled as different cells, the basic handover procedure defined in NR can be considered as baseline. In addition, considering different satellites have different location in space and have different requirement on TA, RA procedure will be required to establish the UL synchronization with the target satellite.
Observation 5: RACH procedure is needed to establish the UL synchronization with the target satellite.
Since RA procedure is needed anyway in case of handover between different satellites, and the RA procedure can only be triggered by the reconfiguration with SYNC, we propose that:
Proposal 6: For the connected mobility between two satellites, the reconfiguration with SYNC procedure should be used.
For the NTN scenario, one issue worth to be considered is the long propagation delays. The Propagation delays for different scenarios are given in TR 38.811, which are listed as follow: 
--------------------------------------------------- From  TR 38.811 ----------------------------------------------------------------
Table 5.3.2.1-1: Propagation delays for GEO satellite at 35786 km
	 
	 GEO at 35786 km

	Elevation angle
	Path
	D (km)
	Time (ms)

	UE :10°
	satellite - UE
	40586
	135.286

	GW : 5°
	satellite - gateway
	41126.6
	137.088

	90°
	satellite - UE
	35786
	119.286

	Bent Pipe satellite

	One way delay
	Gateway-satellite_UE
	81712.6
	272.375

	Round trip Time
	Twice
	163425.3
	544.751

	Regenerative Satellite

	One way delay
	Satellite -UE
	40586
	135.286

	Round Trip Time
	Satellite-UE-Satellite
	81172
	270.572




Table 5.3.4.1-1: Propagation delays for different NGSO satellites (altitude and payload types)
	 
	 
	LEO at 600 km
	LEO at 1500 km
	MEO at 10000 km

	Elevation angle
	Path
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)

	UE: 10°
	satellite - UE
	1932.24
	6.440
	3647.5
	12.158
	14018.16
	46.727

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	4101.6
	13.672
	14539.4
	48.464

	90°
	satellite - UE
	600
	2
	1500
	5
	10000
	33.333

	Bent pipe satellite

	One way delay
	 Gateway-satellite_UE
	4261.2
	14.204
	7749.2
	25.83
	28557.6
	95.192

	Round Trip Delay
	 Twice 
	8522.5
	28.408
	15498.4
	51.661
	57115.2
	190.38

	Regenerative satellite

	One way delay
	Satellite -UE
	1932.24
	6.44
	3647.5
	12.16
	14018.16
	46.73

	Round Trip Delay
	Satellite-UE-Satellite
	3864.48
	12.88
	7295
	24.32
	28036.32
	93.45



--------------------------------------------------- From  TR 38.811 ----------------------------------------------------------------
Based on the table above, it can be observed that the propagation delays for GEO can be hundreds of ms and the propagation delays for NGSO can be tens of ms. In NR, the mobility is mainly triggered based on the measurement report. However, considering the propagation delay, the measurement result based legacy mobility procedure may lead to some issue similar as “late handover” or handover command reception failure. 
To avoid late handover or handover command failure, considering the target satellite can be predicated easily based on the ephemeris, one possible optimized solution is the conditional handover. In conditional handover, the NW can determine the target satellite based on the ephemeris, reserve the radio resource in the target satellite and send the radio resource reserved to UE earlier. With the stored configuration for the target satellite, the UE can determine the timing for handover based on the conditional handover mechanism, and initiate the RA procedure once the condition is fulfilled. Since the timing of triggering handover is determined by UE itself based on the pre-configured condition, the propagation delay can be avoided in handover triggering.
Observation 6: The target satellites can be predicted based on the ephemeris, and the the NW can have an earlier reservation of radio resource on the target satellite to accelerate the HO procedure.
Proposal 7: To avoid the negative impact caused by the long propagation delay, the conditional handover should be considered.
Even the conditional handover should be considered in the performance evaluation, considering the conditional handover has already been included in the scope Rel-16 WI NR mobility enhancements, in order to avoid paralleled discussion in two WI/SI, the detail of conditional handover should be discussed in the Rel-16 WI NR mobility enhancements.
Proposal 8: The conditional handover can be considered in the performance evaluation, but the detail of conditional handover should be discussed in the Rel-16 WI NR mobility enhancements
3. Conclusion
Based on the analysis above, some observations and proposals are given as follow:
Observation 1: The overlapped “Earth-fixed beams” from different satellites should be modeled as different cells. And different PCIs should be assumed for such “Earth-fixed beams” from different satellites on the same frequency.
Proposal 1: No matter the “Earth-fixed beams” or “Moving beams” are used, the satellite beams from different satellites should be modeled as different cells. And different PCIs should be assumed for such satellites beams from different satellites on the same frequency.
Proposal 2: An indication is introduced to identify non-terrestrial network. The indication can be delivered via RRC signaling in an implicit or explicit way:
· Implicit indication: Specific values of PLMN ID are reserved for non-terrestrial network. An MCC is allocated and assignment of MNCs are made by the Director of TSB for a satellite or non-terrestrial-network.
· Explicit indication: Add a separate IE in SIB1 to indicate non-terrestrial network.
Observation 2: In some deployments, individual satellite beams are linked to individual PCIs, the satellite beams are kind of visible to UE, which benefits the mobility.
Proposal 3: In some deployments when PCI is shared by multiple satellite beams, the satellite beams are visible to UE in a implicit way or explicit way:
· Implicit indication: each satellite beam is linked to one SSB within the NTN cell. The satellite beam are visible to UE from the SSB index.
· Explicit indication: satellite beam indications are provided to UE via system information or dedicated RRC signaling. 
Observation 3: With the knowledge of satellite system ID and satellite ID, it is possible for UE to derive the location or predict the target satellite according to the ephemeris which benefits mobility.
Proposal 4: The satellite system ID and satellite ID is provided to UE via system information or dedicated RRC signaling.
Observation 4: Even more cell reselection will be triggered by the movement of satellites, considering the agreements that “a tracking area corresponds to a fixed geographical area”, the TAU will not be triggered frequently, thus no optimization is needed for such frequent cell reselection caused by the movement of satellites.
Proposal 5: The IDLE mobility mechanism defined in NR can be reused in NTN. No optimization is needed for the frequent cell reselection caused by the movement of satellites.
Observation 5: RACH procedure is needed to establish the UL synchronization with the target satellite.
Proposal 6: For the connected mobility between two satellites, the reconfiguration with SYNC procedure should be used.
Observation 6: The target satellites can be predicted based on the ephemeris, and the the NW can have an earlier reservation of radio resource on the target satellite to accelerate the HO procedure.
Proposal 7: To avoid the negative impact caused by the long propagation delay, the conditional handover should be considered.
Proposal 8: The conditional handover can be considered in the performance evaluation, but the detail of conditional handover should be discussed in the Rel-16 WI NR mobility enhancements
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5. Annex A Non-Terrestrial Networks reference scenarios (38.821)
[bookmark: _Toc527965825]4.2	Non-Terrestrial Networks reference scenarios
We shall consider in this document non-terrestrial networks providing access to user equipment in six reference scenarios including
· Circular orbiting and notional station keeping platforms.
· Highest RTD constraint
· Highest Doppler constraint
· A transparent and a regenerative payload
· One ISL case and one without ISL. Regenerative payload is mandatory in the case of inter-satellite links. 
· Fixed or steerable beams resulting respectively in moving or fixed beam foot print on the ground
Six scenarios are considered as depicted in Table 4.2-1 and are detailed in Table 4.2-2.
Table 4.2-1: Reference scenarios
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2



Table 4.2-2: Reference scenario parameters
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km
1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)
>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth (service link)
	30 MHz for band < 6 GHz
400 MHz for band > 6 GHz

	Payload
	Scenario A : Transparent (including radio frequency function only)
Scenario B: regenerative (including all or part of RAN functions)
	Scenario C: Transparent (including radio frequency function only)
Scenario D: Regenerative (including all or part of RAN functions)

	Inter-Satellite link
	No
	Scenario C: No
Scenario D: Yes

	Earth-fixed beams
	Yes
	Scenario C1: Yes (steerable beams), see note 1
Scenario C2: No (the beams move with the satellite)
Scenario D 1: Yes (steerable beams), see note 1
Scenario D 2: No (the beams move with the satellite)

	Max beam foot print diameter at nadir
	500 km
	200 km

	Min Elevation angle for both sat-gateway and user equipment
	10°
	10°

	Max distance between satellite and user equipment at min elevation angle
	40,586 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.14 ms (service and feeder links)
Scenario B: 271.57ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
· 25.76ms(600km)
· 41.75ms(1200km)

Scenario D: (regenerative payload: service link only)
· 12.88ms(600km)
· 20.87ms(1200km)

	Max delay variation within a beam (earth fixed user equipment)
	16ms
	4.44ms (600km)
6.44ms (1200km)

	Max differential delay within a beam
	1.6 ms
	0.65 ms (600km and 1200km)

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27ppm/s (600km)
0.13ppm/s(1200km)

	User equipment motion on the earth
	1000 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)
Possibly 1000 km/h (e.g. aircraft)

	User equipment antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi
Directive antenna (up to 60 cm equivalent aperture diameter in circular polarisation)

	User equipment Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW
Directive antenna: up to 4 W

	User equipment Noise figure
	Omnidirectional antenna: 7 dB
Directive antenna: 1.2 dB

	Service link
	3GPP defined New Radio

	Feeder link
	3GPP or non-3GPP defined Radio interface
	3GPP or non-3GPP defined Radio interface


NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite
NOTE 2:	Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment
NOTE 3:	Max differential delay within a beam is calculated based on Max beam foot print diameter at nadir
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