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1   Introduction
This pCR propose to remove all FFS and Editor’s note from the TR 38.821 which are not subject to long discussion, on comment in next section are proposed if needed.
2   Comments
The subcluse 5.1.3 to 5.4 are discussed in dedicated contribution.
Note clear if the FFS in table Table 7.1-1 should be treated by RAN3
3   TP for TR 38.821 v0.6.0
/***************** START CHANGE ****************/
5
NTN-based NG-RAN Architectures 


5.1
Transparent satellite based NG-RAN architecture 
/***** Next Change *****/
5.1.2
Detailed description of the architecture 
The architecture of a transparent-satellite based NG-RAN is depicted in the following figure. The mapping to QoS flows is also highlighted.
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Figure 5.2-2: Transparent-satellite based NG-RAN with mapping to QoS flows 
/***** Next Change *****/
7.1
Requirements and key issues 

7.1.1 
Delay
In order to reduce the standardization work, the table here below identifies the worst case NTN scenarios to be considered for the delay constraint.

Table 7.1-1: NTN scenarios versus delay constraints, Source [2]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35 786 km
	600 km

	Relative speed of Satellite wrt earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 10° for feeder link

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 1000 km
	50 km / 500 km

	Maximum Round Trip Delay on the radio interface between the gNB and the UE
	541.46 ms (Worst case)
	270.73 ms
	25.77 ms
	12.89 ms

	Minimum Round Trip Delay on the radio interface between the gNB and the UE
	477.48 ms
	238.74 ms
	8 ms
	4 ms

	Maximum Delay variation as seen by the UE
(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec

	Maximum delay difference within a NTN beam as seen by the UE
(note 3)
	16 ms (Worst case)
	4.44 ms

	Max rate of hand-over (FFS)
	
	
	
	
	
	

	NOTE 1: The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design and radio resource management strategy in a given system.
NOTE 2: The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario

NOTE 3: The delay difference compares the delay (function of UE-satellite-NTN gateway distance) experienced by two different UEs served by the same beam at a given time
NOTE 4: Speed of light used for delay calculation is 299792458 m/s.


/***** Next Change *****/
8

Issues and related solutions for NG-RAN architecture and interface protocols




8.1
Tracking area management 
The concept of Registration and Tracking areas pertains in the context of Non-Terrestrial networks, and is similar to NR based cellular system in following aspects:

· a tracking area corresponds to a fixed geographical area.

· tracking areas (TA) is utilized for UE access control, location registration, paging and mobility management.

· a registration area encompasses one or several tracking areas.

The objective is to track the UE, in order to minimize the use of radio resources for paging.

· For scenarios A, B, C1 and D1, the NTN cells are fixed on the ground. Hence a tracking area may correspond to one or several NTN cells. The 3GPP-defined tracking area management and paging procedures can apply as is. In case of C1 and D1, the LEO satellites generate beams with temporary Earth fixed footprints. In other words, the beam footprints are stationary over a given NTN cell on ground for a certain amount of time before they change their focus area over another NTN cell. It is possible the assign each NTN cell to a tracking area. This requires the satellite to change the broadcasted tracking area code between two successive NTN cell covered.
· For scenarios C2 and D2, the NTN cells move on the ground as the satellites move on their orbital planes. This requires some adaptations to the TA management and paging procedure.

Note: For scenarios C1, 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, the TA list and paging messages could be sent by the gNB on board all satellites covering this NTN cell.

Hence we shall focus the study on scenario C2 and D2 for the idle/inactive mode mobility.

It is worth noting that, as long as the TA is always uniquely coupled with the relevant cell(s), it may still be possible to apply legacy core network procedures (e.g. paging) even to a moving TA. In such case, however, it seems beneficial to differentiate such a TA from a fixed / “non-NTN” TA. In principle, this could be done by reserving a range of identifier(s) for TAs associated with NTN moving cells. However, this might restrict the possible TA address space and might not be desirable from the operator’s point of view.

Another alternative would be to extend the TAC IE signalled over NGAP and XnAP with a TA Type IE, defined as e.g. ENUMERATED(NTN, NTN with moving cells, ...) so that the receiving node can identify that the cells associated with this TA are related to a NTN, and/or are not stationary with respect to the ground. Alternatively, this indication may be at cell level or gNB level.

The non-terrestrial and terrestrial networks could be assigned either same or different PLMNs.

· In case of two different PLMNs for terrestrial and non-terrestrial networks, both tracking area layouts can be independently defined preventing overlaps between tracking areas of a given layout. This would be in line with the current definition of TAs.
· In case of a shared PLMN, there might be a problem due to the overlapping of tracking areas, which requires further study.
The main idea is to decouple the TA management from the NTN cell pattern. In that case, registration and tracking areas are arbitrary geographical areas defined by the operator.
It is assumed that not all UEs are capable of positioning.
8.2
Connected mode mobility 
There are different types of hand-overs in Non-Terrestrial networks:
· Intra-satellite hand-over (between cells served by same satellite)

· Inter-satellite hand-over (between cells served by different satellite)

· Inter-access hand-over (between cellular and satellite access)

There can be some variants depending on whether the satellite is transparent or regenerative (gNB or partial gNB on board the satellite)

The table identifies the applicable NG-RAN hand-over procedures for each of the NTN hand-over scenarios.

Table 8.2-1: NG-RAN procedures versus NTN hand-over 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)
	Inter AMF/UPF hand-over procedure or Intra AMF/UPF hand-over procedure (out of RAN scope)


/***** Next Change *****/
8.3.2.1
Solution 1: Timing window based Registration update and paging

This solution assumes moving identifiers on ground.
The satellite can page the UE based on RA.

The following is one possible solution (details may be refine).
In this option, the Tracking Area is associated with the timing information for how long it is valid related to a geo-area. For example, a geo-area will be served by NTN beam#1 with TAC#1 during 10:01 – 10:10, NTN beam#2 with TAC#2 during 10:11 – 10:20, etc. an example call flow is shown as below:
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Figure 8.3.2-1: UE Registration procedure (example)
· Step 1: at 10:05, UE initiates Registration procedure. The REGISTRATION REQUEST message is sent to AMF. Just like normal initial access, the CU provides the TAC#1 to AMF with current NGAP procedure.

· Step 2: AMF replies with REGISTRATION ACCEPT message. The AMF determines the UE’s location will be covered by TAC#1 during 10:01-10:10, TAC#2 during 10:11-10:20, etc. The determination is based on 

· The ephemeris information of the satellites, i.e. the information as to which NTN beam covers a specific location.

· The location of the UE, in terms of TAC/NTN beam ID of UE’s current or last 3GPP access. The UE may include its location information in the NAS REGISTRATION REQUEST message, or other NAS message.

The determination may be performed by querying a database.

The REGISTRATION ACCEPT message includes enhanced Registration Area information, consisting of a list of TAIs with timing information (in this example, AMF would like the UE to initiate a Registration Update 10-min later)

+ TAC#1 with (10:05 – 10:10)

+ TAC#2 with (10:11 – 10:15)

Later, UE enters RRC_IDLE.

Case 0: UE did not move during 10:05 – 10:11

· At 10:11, NTN beam#1 moved out of the UE’s area. The UE’s area is now covered by NTN beam#2 with TAC#2. The UE detected the TAC of the serving cell is changed to TAC#2. UE checks the TAC#2 against the enhanced Registration Area received in Step 2 (see Figure X). TAC#2 is in the Registration Area assigned by the AMF in the REGISTRATION ACCEPT message (Step 2), and the timing information match (i.e. TAC#2 only for 10:11-10:15), this means the UE is still in the Registration Area, thus no need to perform Registration Update. 

NOTE: This reuses the current Registration Update trigger.

Case 1: at 10:12, the UE is paged. 

· Step 3 (see Figure X): at 10:12, a DL data is received for the UE. AMF determines the target tracking area based on the UE’s last location (i.e. TAC#1 at 10:05), and the Tracking area information for this area (i.e. TAC#1 during 10:01-10:10, and TAC#2 during 10:11-10:20). In this example, AMF knows the UE’s last location and will be served by NTN beam#2 with TAC#2 during 10:11-10:20. AMF sends the Paging message with TAC#2 to the NG-RAN.

Normal Service Request procedure is performed.

Case 2: at 10:13, the UE move out of the Registration Area

· Step 4 (see Figure X): at 10:13, the UE detects current NTN beam broadcasting TAC#1. Even TAC#1 is in the Registration Area assigned by the AMF in the REGISTRATION ACCEPT message (Step 2), but the timing information does not match (i.e. TAC#1 only for 10:01-10:10, but not for 10:13), this means the UE is moving out of current Registration Area. So the UE initiates a Registration Update procedure.

Advantage for this option is:

· Reuse current Registration Update trigger, i.e. TS23.501, “perform Mobility Registration Update procedure if the current TAIs of the serving cell (see TS 37.340 [31]) is not in the list of TAIs that the UE has received from the network;”

· Reuse current TAC broadcast mechanism, i.e. NTN beam always broadcasts the same TAC.

· Less changes to RAN and CN.

8.3.2.2
Solution 2: UE assisted TA list report/registration and paging
This solution assumes stationary identifiers on ground.

The satellite pages the UE based on RA, i.e. TAI list.

The following is one potential solution. (Details may be refine)
In this option, the TAI is broadcast in system information in NTN cell based on fixed TA planning area on ground:

Step 1: Setup a fixed TA map on the Earth’s surface.
Step 2: Dynamically update the broadcast TAI according to the satellite’s position.

Step 3: UE monitors and reports list of received broadcast TAIs for registration procedure.
Step 4: During the registration procedure, AMF provides a TAI list to the UE, which defines the UE-specific registration area used for paging.
Step 5: UE measures and records the observed TAI list of the best cells with respect to time.
Step 6: UE compares the TAI list assigned by AMF with the observed TAI from Step 5 and determines whether it is still within the registration area or not (details may be refine).
Step 7: If UE concludes that it has left the registration area, it initiates the Registration Update procedure and reports the observed TAI list to AMF by which AMF may assign a new UE-specific TAI list. The determination of the observed TAI list in UE including adding or deleting a TAI is possible alternative.
/***** Next Change *****/
8.4
Transport aspects
In the transparent case, a NTN GW connects directly to one or several satellites via SRI. In the regenerative case, a NTN GW can directly connect to one or several satellites via SRI, or indirectly connect to one or several satellites via ISL. Hence the NG protocol is transported over SRI, and may also be transported over ISL.

A gNB is connected to the 5GCN. The transport of this logical interface can be realized over SRI and possibly over ISL.
The satellite may embark additional transport routing functions that are out of RAN scope.
SRI transports 3GPP-RAN specified protocols i.e., transmits the NG interface signalling packets.

ISL can transport:

· Xn interface signalling packets and enable coordination between gNBs on board adjacent satellites, and especially to support UE mobility, from a source gNB to a target gNB. 
· Data packets, in case traffic functions are hosted on board the satellites. 
· NG interface signalling packets

· F1 interface signalling packets

· /***** Next Change *****/
8.4.3
Applicability of Xn to NTNs

8.4.3.1
List of Current Xn Functions


There was no contributions highlighted a restriction against the list of function supported in TS 38.420 [11] during the Study item.
/***** Next Change *****/
8.4.3.3
On ground NTN-terrestrial Xn
This would support Xn-based UE mobility and NR-NR DC features between on ground NTN gNB and a terrestrial gNB, requires that both types of gNB connects to the same AMF pool.

Another feature is the support of Earth-satellite cell activation/deactivation notification over Xn. For example, a terrestrial gNB may notify a satellite covering the same area that it is switching off one or more of its cells, and the satellite may decide to “take over” the corresponding coverage area, and vice versa.

However the benefits of these features was not evaluate.

8.4.3.4
Transporting Xn over SRI
Transporting Xn over an Earth-satellite link between on board NTN gNB and terrestrial gNB has challenges.

For example, in a LEO scenario, when a satellite moves below the horizon, all its Xn interfaces to terrestrial gNBs will become unavailable, and this may trigger subsequent actions at application protocol and/or SCTP level in the relevant terrestrial gNBs. The opposite will happen when the satellite appears at the horizon: Xn setups may be triggered to some terrestrial gNBs. This creates a technical issue, as it will lead to CP signalling surges corresponding to changes in visibility of the LEO satellites.

Furthermore depending on the outage performance of the SRI, Xn may become unavailable for some periods of time. This may trigger interface re-establishment toward all corresponding terrestrial gNBs, generating CP signalling surges at every outage event. This would happen for all Xn interface terminated in the on board NTN -gNB impacted by the outage event.

Therefore the benefit of this configuration was not evaluate.
/***** Next Change *****/
8.7.7
Summary


	
	Arch. 1
	Arch. 2
	Arch. 3
	Arch. 4
	Arch. 5

	Intra-gNB mobility (“monolithic” gNB)
	Supported, no standards impact
	Does not apply
	Supported, no standards impact
	Supported, no standards impact
	Supported, no standards impact

	Intra-DU mobility
	Does not apply
	Supported, no standards impact
	Does not apply
	Does not apply
	Does not apply

	Inter-DU mobility
	Does not apply
	Supported, no standards impact
	Does not apply
	Does not apply
	Does not apply

	Xn mobility
	Supported, no standards impact
	Supported, no standards impact
	Not supported
	Supported if Xn exists
	Possible in theory, but performance seems questionable

	Mobility through the 5GC
	Supported, no standards impact
	Supported, no standards impact
	Supported, no standards impact
	Supported, no standards impact
	Supported, no standards impact


Table 8.7-2 Mobility support for the various architectures.

/***** Next Change *****/
8.8.2

Procedures 
/***** Next Change *****/
Case 2: the satellite moves into a coverage of a new gNB-CU.
The satellite/gNB-DU need to setup the new F1 with the new gNB-CU. There are some issues that need to be further studied:
· Issue 1: How to handle the F1 connection with the old gNB-CU?
There is no F1 release procedure. It is unclear whether the gNB-CU/DU can use the indication from the SCTP layer, e.g. the satellite/gNB-DU initiates a SCTP Shutdown before it leaves the old gNB-CU. This should be treated differently than the abnormal case, e.g. satellite/gNB-DU lost the connection with the gNB-CU due to bad satellite radio connection. Since the satellite/gNB-DU will connect to the same CU in the near future, there may be no need to release the F1. Instead, the satellite/gNB-DU and gNB-CU may suspend the F1 interface and keep the application level configuration data when the satellite/gNB-DU leaves, then resume the F1 interface when the satellite/gNB-DU connects to the same gNB-CU later.

· Therefore we may enhance the F1 procedure for example the satellite/gNB-DU and CU may suspend the F1 interface and keep the application level configuration data when the satellite/gNB-DU leaves, then resume the F1 interface when the satellite/gNB-DU connects to the same CU later.

· Issue 2: how to setup the F1 connection with the new gNB-CU?

According to current F1AP, one DU can only connect to one CU. It is not possible for the DU to setup the F1 with the new CU, while still keep the F1 with the old CU. One possibility is to have 2 DUs on the satellite. While the 1st DU connects to the old gNB-CU, the 2nd DU setup the connection with the new gNB-CU. 
· No impact to F1 procedure is expected

3.1   8.9
Operations & Maintenance (O&M)

The Non-Terrestrial Networks architecture shall fulfil the O&M requirements on transport of O&M information between the Management System on the ground and Non-Terrestrial Node(s) on the satellite. 

If possible, the software (or upgrade) should be ensured.

Referring to the architecture scenarios sub-clause 8.7.1:


Table 8.9-1 O&M support for the various architectures.

	
	Arch. 1
	Arch. 2
	Arch. 3
	Arch. 4
	Arch. 5

	Transport of O&M information
	Supported, no standards impact 

– 

Minimum (Alarm)
	Supported, no standards impact 

– 

Full O&M 
	Supported, no standards impact 

– 

Full O&M
	Supported, no standards impact 

– 

Full O&M
	Does not apply



	Hardware maintenance
	Not supported – 


	Not supported
	Not supported
	Not supported
	Not supported 

	Software maintenance
	Supported, 
	Supported, 


	Supported, 


	Supported, 


	Not supported 


Note: the hardware maintenance and the software maintenance in case of Arch.1 should be rare.
/***** END OF Change *****/
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