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1. Introduction
This TDOC proposes changes to the TR 38.821 capturing agreements decided during RAN2#105bis beyond the agreed pCR R2-1905297.
It is submitted to the email discussion decided in Xi’an and referenced as follows:
 [105bis#24][NR/NTN] – TP capturing agreements  (Thales)
Intended outcome: TP capturing agreements in RAN2#106
Deadline: Thursday 2019-05-02 

2. Recall of the agreements during RAN2#105bis
In this clause, RAN2#105bis’ agreements which are not related to Text Proposals are listed below (Text Proposals agreed during RAN2#105bis have already been incorporated in the R3-192186):
· Inclusion of performance table in the TP capturing agreement from RAN2#105bis (R2-1905298)
· NTN should support both, UEs supporting GNSS based positioning methods and UE not supporting GNSS based positioning methods.
· The use of satellite ephemeris, time and UE location can be used in the RAN for mobility purposes in NTN.
· TP on Feeder-Link Switch for transparent and regenerative LEO (R2-1905301)
· Adding the parameters to be considered for paging (arrival rate, etc) (R2-1903576) 
· Capture the key issues on Tracking Area Management based on the observations (R2-1904297)
· TP on Tracking area management and update for NTN LEO (R2-1905302)
· From RAN2 perspective fixed TA should be assumed moving forward.  

Proposal 1: Capture these agreements in the TR.

3. Text Proposal for TR 38.821 v0.5.0

Start of changes


[bookmark: _Toc6219963]2	References
The following documents contain provisions, which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications"
[2]	3GPP TR 38.811: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"
[3]	3GPP TS 38.401; NG-RAN; Architecture description (Release 15)
[4]	3GPP TR 38.874 NR-Study on IAB (Integrated Access and Backhaul)
[5]	3GPP TS 37.340; NR; Multi-connectivity; Overall description
[6]	RP-181370, Study on solutions evaluation for NR to support Non Terrestrial Network
[7]	3GPP TS 23.501 V15.0.0 : System Architecture for the 5G System
[8]	R3-184403, NR-NTN: Paging in NGSO Satellite Systems
[bookmark: _Ref523231020][9]	3GPP TS 37.324 V15.0.0 “E-UTRA and NR; Service Data Adaptation Protocol (SDAP) specification (Release 15)”
[10]	AIAA 2006-6753, Revisiting Spacetrack Report #3 , Models for Propagation of NORAD Element Sets, David A. Vallado, Paul Crawford, Richard Hujsak, T. S. Kelso, presented at the AIAA/AAS Astrodynamics Specialist Conference, Keystone, CO, 2006 August 21–24, 2006
[11]	3GPP TS 38.420: “NG-RAN; Xn general aspects and principles”
[12]	3GPP TS 22.261 “Service requirements for the 5G system; Stage 1 (Release 16)”
[13]	3GPP TR 38.913 “Study on Scenarios and Requirements for Next Generation Access Technologies; (Release 15)”
[14]	3GPP TR 45.820 “Cellular system support for ultra-low complexity and low throughput Internet of Things (CIoT) (Release 13)”
[15]	R2-1901404 “IoT Device Density Models for Various Environments”, Vodafone, submitted to RAN2#105
[16]	R2-1904297 “Tracking Areas Considerations for Non Terrestrial Networks (NTN), Vodafone, Submitted to RAN2 #105 bis 
[17]	R2-1905302, “Tracking area management and update for NTN LEO”, Ericsson, ZTE, Thales, Xian, China, 8-12 April 2019
[18]	R2-1905301, “Feeder link switch for transparent and regenerative LEO”, Ericsson, InterDigital, Thales, Xian, China, 8-12 April 2019

End of changes

Start of changes
[bookmark: _Toc6220006]7.3 	Control plane enhancements
Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (cell reselection), TA management and update


Satellite beams or satellites  are not considered to be visible from UE perspective in NTN.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).   
Note: Rel-15 definitions are considered as a baseline for NTN
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Figure 7.3.1-1: Options for PCI and SSB mapping into satellite beams

Both options a) same PCI for several satellite beams and b) one PCI per satellite beam, can be considered in NTN with one or multiple SSBs per SSBurst (PCI).
The association between satellite beams and NR SSBs is left for implementation (i.e. it will not be specified)

Two different types of UE categories are supported by NTNconsidered in this study: 1) with GNSS support, 2) without GNSS support.
The use of satellite ephemeris, time and UE location can be used in RAN for mobility purposes.

As per tracking area:
· For GEO, the current tracking area management is assumed as a baseline
· For LEO with moving beams study fixed and moving tracking area solutions

Editor’s note: characteristic of the measurement variations in satellite systems will be added here
Editor’s note: It is agreed that UE location and satellite ephemeris information would be beneficial


[bookmark: _Toc6220007]7.3.1 	Idle mode mobility enhancements
7.3.1.1 General Tracking Area Issues [16]
Satellites may provide very large cells, covering hundreds of kilometres, and consequently would lead to large tracking areas. In this scenario the tracking area updates (TAUs) are minimal, however the paging load could be high because it then relates to the number of devices in the tracking area.
Moving cells and consequently moving tracking areas would be difficult to manage in the network as the contrast between the TAU and the paging signalling load would be too extreme to find a practical compromise. 
On one hand, small tracking Areas would lead to massive TAU signalling for UE at the boundary between 2 TAs as illustrated in figure 7.3.1.1-1.

[image: ]
[bookmark: _Ref359507]Figure 7.3.1.1-1: Moving Cells and Small tracking Areas leading to massive TAU signalling

On the other hand, wide tracking Areas would lead to high paging load in the satellite beams as illustrated in figure 7.3.1.1-2.
[image: ]
Figure 7.3.1.1-2: Moving Cells and wide tracking Areas leading to higher Paging load

However, Tracking areas must be dimensioned to minimise the TAUs as this is more signalling-intensive than paging on the network.
In practical tracking area design, one of the criteria affecting the performance and capacity is the limiting capabilities of MME/AMF platforms and the radio channel capacity.
Ping-pong effect generating excessive TAU, and it can be minimised by ensuring 10-20% overlaps between the adjacent cells and appropriate allocation of TAI List to UEs especially at the edge of cells/TAs.

7.3.1.2 Moving Tracking Area for NTN LEO, Scenario C2 and D2 [17]      
Moving tracking area means that the tracking area sweeps over the ground as the cells move. Due to high speed movement of satellite, the satellite beam and therefore the cell providing coverage for an earth stationary UE will be changed frequently. As a result, a stationary UE would have to keep performing Registration area update (can also be called as tracking area update, i.e. TAU) in RRC_IDLE state. For each Registration area update, the UE needs to initiate connection with the network. For Rel-15 NR this requires 4-steps of the random access procedure followed by some RRC message exchange over the service link. This can become a non-acceptable overhead if all IDLE mode UEs in the registration area need to perform tracking area update (TAU) frequently as the LEO satellite passes by. If the geographical area covered by the Registration area is large, this issue may become slightly less severe.  However, size of the Registration area and paging capacity forms a trade-off as the UE may need to be paged via all cells belonging to the Registration area and thus the paging capacity may become an issue when network initiated calls arrive. 

7.3.1.3 Fixed Tracking Area for NTN LEO, Scenario C2 and D2 [17]
7.3.1.3.1 Approach 1: For the case when UE location information is unavailable
In order not to have TAU performed frequently by the UE triggered by the satellite motion, the tracking area may be designed to be fixed on ground. For NTN LEO, this implies that while the cells sweep on the ground, the tracking area code (i.e. TAC) broadcasted is changed when the cell arrives to the area of next planned earth fixed tracking area location.
The TAC, or a list of TACs, broadcasted by the gNB needs to be updated as the gNB enters to the area of next planned tracking area. When the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the network, a mobility registration update procedure will be triggered. 


Figure 7.3.1.3.1-1. An example of updating TAC and PLMN ID in real-time for scenario C2 and D2

As shown in Figure 7.3.1.3.1-1, network update the broadcast TAC in real time according to the ephemeris and confirm the broadcast TAC is associated with the geographical area covered by the satellite beam. UE listens to 
TAI = PLMN ID + TAC and determines to trigger 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 network procedures and can be applied to UE with or without location information.
Editor’s note: FFS enhancements on UE assistance information in tracking area management in Approach 1.

7.3.1.3.2 Approach 2: For the case when UE location information is available
Editor’s note: FFS if UE location information (either obtained via GNSS or non-GNSS) is utilized in tracking area management and what is the solution in that case

Editor’s note: From RAN2 perspective fixed TA should be assumed moving forward.  



[bookmark: _Toc6220008]7.3.2 	Connected mode mobility enhancements

Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (hand-over)

Editor’s note: NTN specific aspects related CHO can be studied in the RAN2#106meeting

For GEO NTN, mobility management procedures require adaptations to accommodate large propagation delay. In particular radio link management may require specific configuration.
For LEO NTN, mobility management procedures should be enhanced to take into account satellite movement related aspects such as measurement validity, UE velocity, movement direction, large and varying propagation delay and dynamic neighbour cell set.

7.3.2.1 Connected mode mobility for feeder link switch for LEO NTN [18]
Connected mode mobility for feeder link switch, or due to interface change, from the network perspective is captured in Section 8.7.6. From Uu perspective, there is difference between Architecture Option 1 that is transparent payload and Architecture Options 2-5 (listed in Section 8.7.1) that are regenerative payload. 
7.3.2.1.1 Transparent LEO NTN, Architecture Option 1
[image: ]
Figure 7.3.2.1.1-1 Feeder link switch for transparent LEO NTN
Figure 7.3.2.1.1-1 shows the feeder link switch for transparent LEO. As seen from the figure, in the transparent case the gNB is on earth thus there will be a switch from gNB1 to gNB2. If the satellite can be served by one feeder link at a time it means that with Rel-15 NR assumptions the RRC connection for all UEs served by the gNB1 (via GW1) needs to be dropped. After gNB2 (via GW2) takes over, the UEs may be able to find the reference signals corresponding to gNB2 and perform initial access on a cell belonging to gNB2.
Figure 7.3.2.1.1-2 shows one possible solution to enable service continuity for feeder link switch. At time T1, the satellite is approaching the geographical location where the transition to be served by next GW will happen. At time T1.5, the satellite is served by two GWs and at time T2 the transition to next GW is finished.
[image: ]
Figure 7.3.2.1.1-2 Feeder link switch over for LEO transparent satellite with two feeder links serving the satellite during the switch

Assuming two feeder link connections serving via the same satellite during the transition (time T1.5 in Figure 7.3.2.1.1-2), there exists 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 same satellite but via different NTN-GWs. During the switch, the gNB2 which serves the satellite via GW2 may start transmitting the CD-SSBs of its cells on synchronization raster points that are different from those of the gNB1. UEs could be have a HO from PCI belonging to gNB1 to PCI belonging to gNB2. This could be blind a HO (network decision without measurement) or assisted with measurements.
Editor’s note: FFS on details how to enable cells of two gNB via the transparent LEO satellite.

7.3.2.2.2 Regenerative LEO NTN with gNB as payload, Architecture Options 3-5
In the regenerative LEO, in one of the architecture options, the gNB is onboard of the satellite as payload. From Uu perspective, this case is considerably simpler than the transparent LEO NTN as the Uu is only via service link and via service and feeder links. The feeder link switch is transparent at Uu interface as long as the security keys of the gNB can be preserved. Figure 7.3.2.2.2-1 depicts the situation.

[image: ]
Figure 7.3.2.2.2-1 Feeder link switch over for regenerative LEO with gNB as payload

Editor’s note: FFS whether this applies also for Regenerative satellite with split gNB (Sec. 5.3.2);



[bookmark: _Toc6220009]7.3.3 	Paging issue
Editor’s note: RAN2 will study impacts and possible enhancements to TA management and update and report to RAN3

7.3.3.1 Paging Capacity 
Following parameters should be considered for calculation of paging capacity
· Paging Frames (PF) per second
· Paging Occasions (PO) per PF
· Maximum number of paging records in paging message
· User density (UEs/km2)
· Satellite beam diameter: in km 
· NO_Traffic: fraction of UEs in the cell with network originated traffic 
· Arrival session or call rate:  Average#PagePerHourPerUE: average requested paging occasions per hour and per UE
· 

End of changes

Start of changes

[bookmark: _Toc6220066]Annex B: KPI and evaluation assumptions

[bookmark: _Toc6220067]B.1	Key Performance Indicators
KPIs defined in 3GPP TR38.913 are considered.
[bookmark: _Toc6220068]B.2	Performance targets for evaluation purposes
This table includes performance values that may be used for theoretical analysis or simulations.
The values relate to targeted performances, but should not be considered as strict requirements.
Table B.2-1: Non-Terrestrial network target performances per usage scenarios
	Usage scenarios
	Peak data rate (note 1)
	Experience data rate (note 2)
	Overall UE density per km2
	Activity factor (note 3)
	Max UE speed
	Environment
	UE categories
	Sources

	
	DL
	UL
	DL
	UL
	
	
	
	
	
	

	Pedestrian
	
	
	2 Mbps
	60 kbps
	TBD
	1,50%
	3 km/h
	Extreme coverage
	Handheld
	Data rate => see 7.10.1 "extreme coverage performance" in [13];
UE density => TBD % of rural macro in [12];
Activity factor: see table 6.1.6-1 "extreme rural" in [13]

	Vehicular connectivity
	
	
	50 Mbps
	25 Mbps
	TBD
	N.A.
	250 km/h
	Along roads in low population density areas
	Vehicular mounted
	data rate and activity factor in TS 22.261[12];
UE density => TBD % of High-speed vehicle in [12]

	Stationary
	
	
	50 Mbps
	25 Mbps
	TBD
	N.A.
	0 km/h
	Extreme coverage
	Building mounted
	Data rate =>assuming per end-user 50/25 Mbps data rate and an average of 5 end-user devices per stationary UE) rate and 20% activity factor per end-user device

	Airplanes connectivity
	
	
	360 Mbps
	180 Mbps
	TBD
	N.A.
	1 000 km/h
	Open area
	Airplane mounted
	Data rate =>assuming per end-user 15/7.5 Mbps data rate and 20% activity factor per end-user devices (See [12]);
nber of users per airplane: average aircraft size (assuming 120 users per plane)

	IoT connectivity (note 4)
	
	
	2 kbps
	10 kbps
	400
	1,00%
	0 km/h
	Extreme coverage
	IoT
	Device density => [15] ;
Data rate and activity factor => derived from [14] annex E.2 "Traffic models for Cellular IoT"



Note 1: As defined in [13]3GPP TR38.913
Note 2: As defined in [12]3GPP TS22.261
Note 3: As defined in [12]3GPP TS22.261
Note 4: This refers to low power wide area service capability
Note 5: This does not preclude the definition of performance parameters for other usage scenarios in future stages


Signalling (control plane) and data (User plane)Mobility interruption time should be made as much as possible equivalent as in terrestrial systems except in the case of handover between satellite and terrestrial access. In the latter case, this interruption time will depend on the satellite orbit.
Note: This does not preclude the definition of other performance parameters in future stages.
End of changes
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