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[bookmark: _Toc510607461]1. Introduction
The following requirements have been defined in TS 22.261:
	A 5G system with satellite access shall be able to optimise the delivery of content from a content caching application by taking advantage of satellites in supporting ubiquitous service, as well as broadcasting/multicasting on very large to global coverages. (TS 22.261/6.13)
The 5G system shall support multicast/broadcast via a 5G satellite access network, or via a combination of a 5G satellite access network and other 5G access networks. (TS 22.261/6.13)



While satellite access in 5G and 5G multicast-broadcast services are individually specified in R17, it has never been discussed on how to support satellite access in 5MBS. 
In RAN 18 SID discussion, 5MBS support over NTN belongs to the controversial issues, i.e. RAN has not concluded to have such study in R18.
This paper provides a list of open issues not relevant to RAN R18 work, which may be resolved independent of any RAN R18 work.
1.1 Determination of using satellite access and the notification to AF
According to TS 23.247, 
	Multicast and Broadcast Service (MBS) is a point-to-multipoint service in which data is transmitted from a single source entity to multiple recipients, either to all users in a broadcast service area, or to users in a multicast group as defined in TS 22.146 [2]. 
MBS traffic is delivered from a single data source (e.g. Application Service Provider) to multiple UEs.


1) For the case of 5MBS traffic transmitting to a broadcast service area: 
In operator network, satellite access can be deployed over the area where it is hard to deploy terrestrial access network, e.g. desert, mountain, ocean, etc. When MBS traffic is delivered, if the target service area or target group of users can only be reached over satellite access, the network has to select satellite access.
Sometimes the coverage of satellite access and terrestrial access may overlap, i.e. MBS service area or the target group of users can be reached either over satellite access or terrestrial access network, thus the network has to select the access based on some criteria.
In any case, when satellite access is used, some QoS target required by the AF, e.g. PDB, cannot be achieved, because there will be long delay due to satellite propagation delay. The AF may not know that satellite access is used when the request is sent, unless the cell and TAC configuration is available to the AF. It is beneficial that the AF is aware of it, so as to take appropriate actions, such as e.g. terminating the service or adjusting application specific properties. 
Observation 1a: For the case of 5MBS traffic transmitting to a broadcast service area, mMechanisms on how to determine the use of satellite access and how to notify AF on the use of satellite access need to be developed.
2) For the case of 5MBS traffic transmitting to a group of users: 
When the user is using satellite access, this can be detected by the AMF and reported to the SMF and then to the PCF., and then PCF can expose it to the AF based on the definition in TS 23.501 and TS 23.503.
 Observation 1b: For the case of 5MBS traffic transmitting to a group of users, existing mechanisms can be reused on how to determine the use of satellite access and how to notify AF on the use of satellite access.
1.2 Local MBS service and Location dependent MBS service
In some of the deployment, the coverage of satellite access may cross country borders, as illustrated in Figure 1.2-1 (Figure 5.10.1-1 of TR 23.737). 


Figure 1.2-1 Satellite access with satellite beams overlapping several countries
MBS service area identified by Cell ID may only target to the area in one country. This can be resolved by UE location verification, as defined in TS 23.501, to assure UE can only access to PLMN allowed to operate in the country of the UE location. i.e. only UE in a location in the country can receive the MBS traffic delivered over the PLMN network.
Observation 2: UE location verification can guarantee that only UE in a location in the target country can receive the MBS traffic delivered over the PLMN network. Then no further solution has to be developed.
Beam footprint size of different types of satellites varies a lot, see below table, a copy of Table 4.1-1 defined in TR 38.821.
Table 1.2-1: Types of NTN platforms
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km
	
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 3500 km

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	
	5 - 200 km

	High Elliptical Orbit (HEO) satellite
	400 – 50000 km
	Elliptical around the earth
	200 – 3500 km



It can be figured out from Table 1.2-1, the beam footprint size of one satellite cell may be equivalent to multiple TAs, especially the GEO obit. To support a finer granularity MBS service area, TAI can be used to identify a MBS service area instead of Cell ID for satellite access. However, based on the existing mechanism (R17 and prior to R17), gNB cannot broadcast per TA within a satellite cell.
Observation 3: Broadcast per TA within a satellite cell is not supported at gNB in R17, so MBS service area has to be defined in the same level of granularity as a satellite cell. To support a finer granularity MBS service area, TAI can be used to identify the MBS service area instead of Cell ID for satellite access. Some clarification may need to be specified.
With NGSO (Non-Geostationary Satellite System) constellation, when the satellite couldn’t adjust its beam foot print to assure earth fixed coverage, the cell coverage moves comparing to the earth geographical area, see Figure 1.2-2.
[image: ]
Figure 1.2-2 Earth-moving cell
As illustrated in Figure 1.2-2, the cell coverage is different between Time 1 (TA1) and Time 2 (TA1+TA2). Considering that MBS service area refers to a fixed geographical area, for an earth-moving cell, the coverage is not earth fixed, so Cell ID can’t be used to identify the MBS service area.
Observation 4: For an earth-moving cell, Cell ID can’t be used to identify the MBS service area. Some clarification may need to be specified.
As specified in TS 23.247, a MB-SMFs and a MB-UPF are assigned for a MBS service area in an MBS session. MB-SMFs and a MB-UPF are selected based on its service area. The service area of a MB-SMF is determined by the service area of MB-UPFs under its control, and the service area of MB-UPF is determined by the serving area of gNB it interconnects with.


Figure 2.1-3: Networking-RAN architecture with transparent satellite (Figure 5.1-1 of TR 38.821)
It can be seen from Figure 1.2-3, the service area of gNB changes over time in case of earth-moving cell, i.e. the service area of MB-SMF and MB-UPF changes overtime.
Observation 5: Some mechanism is required to be developed to allow dynamically changing the service area of MB-SMF and MB-UPF.
1.3 QoS
5QI=10 has been defined for best effort traffic delivery over satellite access. See Table 1.3-1 below.
Table 1.3-1 Standardized 5QI to QoS characteristics mapping (Table 5.7.4-1 of TS 23.501)
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	5
	Non-GBR
	10
	100 ms
NOTE 10,
NOTE 13)
	10-6
	N/A
	N/A
	IMS Signalling

	6
	(NOTE 1)
	
60
	
300 ms
(NOTE 10,
NOTE 13)
	
10-6
	N/A
	N/A
	Video (Buffered Streaming)
TCP-based (e.g. www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	
70
	
100 ms
(NOTE 10,
NOTE 13)
	
10-3
	N/A
	N/A
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
80
	


300 ms
(NOTE 13)
	


10-6
	


N/A
	


N/A
	
Video (Buffered Streaming)
TCP-based (e.g. www, e-mail, chat, ftp, p2p file sharing, progressive

	9
	
	90
	
	
	
	
	video, etc.)

	10
	
	90
	1100ms
(NOTE 13)
(NOTE 17)

	10-6
	N/A
	N/A
	Video (Buffered Streaming)
TCP-based (e.g. www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.) and any service that can be used over satellite access type with these characteristics


NOTE 1:	A packet which is delayed more than PDB is not counted as lost, thus not included in the PER.
NOTE 13:	A static value for the CN PDB of 20 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface.
NOTE 17:	The worst case one way propagation delay for GEO satellite is expected to be ~270ms, ,~ 21 ms for LEO at 1200km, and 13 ms for LEO at 600km. The UL scheduling delay that needs to be added is also typically 1 RTD e.g. ~540ms for GEO, ~42ms for LEO at 1200km, and ~26 ms for LEO at 600km. Based on that, the 5G-AN Packet delay budget is not applicable for 5QIs that require 5G-AN PDB lower than the sum of these values when the specific types of satellite access are used (see TS 38.300 [27]). 5QI-10 can accommodate the worst case PDB for GEO satellite type.
However, the QoS value of 5QI -10 PDB value may be even larger than 1100ms as indicated in the RAN1 LS (S2-2107076).
It is still unclear whether 5QI=10 can fulfil requirements of MBMS service over satellite access and whether new 5QI shall be defined.
Observation 6: 5MBS experts may still need to evaluate if 5QI = 10 can be applied to MBMS service over satellite access. If the answer is yes, no further work is needed.
2. Proposal
Given above observations, it is possible to graduate the remaining work with following categories:
Applicable R17 mechanisms that do not need further work:
· For the case of 5MBS traffic transmitting to a group of users, existing mechanisms can be reused on how to determine the use of satellite access and how to notify AF on the use of satellite access.
· MBS traffic delivered to a service area identified by a Cell ID covering multiple countries.
· 5QI = 10 can be applied to MBMS service over satellite access, if no further requirement
Issues that can be resolved with immediate clarification in R17 (See CR S2-2108946):
· To support a finer granularity MBS service area over satellite access, TAI can be used to identify the MBS service area instead of Cell ID for satellite access in case of fix cells on earth. MBS service area has to be defined in the same level of granularity as a satellite cell. Impact of such change needs to be clarified in R17.
· For an earth-moving cell, Cell ID can’t be used to identify the MBS service area. Local MBS service and Location dependent MBS service might not be supported in this case accordingly.
Issues to be further studied in R18 (open for discussion if there’s immediate solution thus can be resolved in R17):
· For the case of 5MBS traffic transmitting to a broadcast service area, hHow to determine the use of satellite access and how to notify AF on the use of satellite access need to be developed.
· [bookmark: _GoBack]How to support Local MBS service and Location dependent MBS service over earth-moving satellite cell 
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