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* * * * Begin of Changes * * * *
[bookmark: _Toc45387665][bookmark: _Toc52638710][bookmark: _Toc59116795][bookmark: _Toc61885614][bookmark: _Toc68279175][bookmark: _Toc45387667][bookmark: _Toc52638712][bookmark: _Toc59116797][bookmark: _Toc61885616][bookmark: _Toc68279177]6.9	Connectivity models
[bookmark: _Toc45387666][bookmark: _Toc52638711][bookmark: _Toc59116796][bookmark: _Toc61885615][bookmark: _Toc68279176]6.9.1	Description
The UE (remote UE) can connect to the network directly (direct network connection), connect using another UE as a relay UE (indirect network connection), or connect using both direct and indirect connections. Relay UEs can be used in many different scenarios and verticals (inHome, SmartFarming, SmartFactories, Public Safety and others). In these cases, the use of relays UEs can be used to improve the energy efficiency and coverage of the system. 
 Remote UEs can be anything from simple wearables, such as sensors embedded in clothing, to a more sophisticated wearable UE monitoring biometrics. They can also be non-wearable UEs that communicate in a Personal Area Network such as a set of home appliances (e.g. smart thermostat and entry key), or the electronic UEs in an office setting (e.g. smart printers), or a smart flower pot that can be remotely activated to water the plant. 
When a remote UE is attempting to establish an indirect network connection, there might be several relay UEs that are available in proximity and supporting selection procedures of an appropriate relay UE among the available relay UEs is needed.
Indirect network connection covers the use of relay UEs for connecting a remote UE to the 3GPP network. There can be one or more relay UE(s) (more than one hop) between the network and the remote UE.
6.9.2	Requirements
The following set of requirements complement the requirements listed in 3GPP TS 22.278 [5], clauses 7B and 7C.
These applies to 5G system with satellite access as well otherwise it is clearly stated.
[bookmark: _Toc45387668][bookmark: _Toc52638713][bookmark: _Toc59116798][bookmark: _Toc61885617][bookmark: _Toc68279178]6.9.2.1	General
The 5G system shall support the relaying of traffic between a remote UE and a gNB using one or more relay UEs.
The 5G system shall support different traffic flows of a remote UE to be relayed via different indirect network connection paths.
The connection between a remote UE and a relay UE shall be able to use 3GPP RAT or non-3GPP RAT and use licensed or unlicensed band.
The connection between a remote UE and a relay UE shall be able to use fixed broadband technology.
The 5G system shall support indirect network connection mode in a VPLMN when a remote UE and a relay UE subscribe to different PLMNs and both PLMNs have a roaming agreement with the VPLMN.
The 5G system shall be able to support a UE using simultaneous indirect and direct network connection mode. 
The network operator shall be able to define the maximum number of hops supported in their networks when using relay UEs.
[bookmark: _Toc45387669][bookmark: _Toc52638714][bookmark: _Toc59116799][bookmark: _Toc61885618][bookmark: _Toc68279179]6.9.2.2	Services and Service Continuity
A 5G system shall be able to support all types of traffic e.g. voice, data, IoT small data, multimedia, MCX for indirect network connection mode. 
The 5G system shall be able to support QoS for a user traffic session between the remote UE and the network using 3GPP access technology.
The 5G system shall be able to provide indication to a remote UE (alternatively, an authorized user) on the quality of currently available indirect network connection paths.
The 5G system shall be able to maintain service continuity of indirect network connection for a remote UE when the communication path to the network changes (i.e. change of one or more of the relay UEs, change of the gNB).
NOTE 1: E2E latency for voice services provided by 5G system with GEO based satellite access could be relaxed to maximum of [285] ms.
[bookmark: _Toc45387670][bookmark: _Toc52638715][bookmark: _Toc59116800][bookmark: _Toc61885619][bookmark: _Toc68279180]6.9.2.3	Permission and Authorization
The 5G system shall enable the network operator to authorize a UE to use indirect network connection. The authorization shall be able to be restricted to using only relay UEs belonging to the same network operator. The authorization shall be able to be restricted to only relay UEs belonging to the same application layer group. 
The 5G system shall enable the network operator to authorize a UE to relay traffic as relay UE. The authorization shall be able to allow relaying only for remote UEs belonging to the same network operator. The authorization shall be able to allow relaying only for remote UEs belonging to the same application layer group.
The 5G system shall support a mechanism for an end user to provide/revoke permission to an authorized UE to act as a relay UE. 
The 5G system shall support a mechanism for an authorized third-party to provide/revoke permission to an authorized UE to act as a relay UE.
The 5G system shall provide a suitable API by which an authorized third-party shall be able to authorize (multiple) UEs under control of the third-party to act as a relay UE or remote UE.
The 5G system shall provide a suitable API by which an authorized third-party shall be able to enable/disable (multiple) UEs under control of the third-party to act as a relay UE or remote UE.
[bookmark: _Toc45387671][bookmark: _Toc52638716][bookmark: _Toc59116801][bookmark: _Toc61885620][bookmark: _Toc68279181]6.9.2.4	Relay UE Selection
The 3GPP system shall support selection and reselection of relay UEs based on a combination of different criteria e.g. 
-	the characteristics of the traffic that is intended to be relayed (e.g. expected message frequency and required QoS),
-	the subscriptions of relay UEs and remote UE, 
-	the capabilities/capacity/coverage when using the relay UE, 
-	the QoS that is achievable by selecting the relay UE, 
-	the power consumption required by relay UE and remote UE, 
-	the pre-paired relay UE,
-	the 3GPP or non-3GPP access the relay UE uses to connect to the network, 
-	the 3GPP network the relay UE connects to (either directly or indirectly),
-	the overall optimization of the power consumption/performance of the 3GPP system, or
-	battery capabilities and battery lifetime of the relay UE and the remote UE.
NOTE:	Reselection may be triggered by any dynamic change in the selection criteria, e.g. by the battery of a relay UE getting depleted, a new relay capable UE getting in range, a remote UEs requesting additional resources or higher QoS, etc. 
[bookmark: _Toc45387672][bookmark: _Toc52638717][bookmark: _Toc59116802][bookmark: _Toc61885621][bookmark: _Toc68279182]6.9.2.5	Satellite and Relay UEs
For a 5G system with satellite access, the following requirements apply:
-	A 5G system with satellite access shall be able to support relay UE's with satellite access.
NOTE:	The connection between a relay UE and a remote UE is the same regardless of whether the relay UE is using satellite access or not.
-	A 5G system with satellite access shall support mobility management of relay UEs and the remote UEs connected to the relay UE between a 5G satellite access network and a5G terrestrial network, and between 5G satellite access networks.
-	A 5G system with satellite access shall support joint roaming between different 5G networks of a relay UE and the remote UEs connected to that relay UE.

* * * * The 2nd Change * * * *
[bookmark: _Toc45387767][bookmark: _Toc52638812][bookmark: _Toc59116897][bookmark: _Toc61885730][bookmark: _Toc68279291]7.4	KPIs for a 5G system with satellite access
[bookmark: _Toc45387768][bookmark: _Toc52638813][bookmark: _Toc59116898][bookmark: _Toc61885731][bookmark: _Toc68279292]7.4.1	Description
Satellite access networks are based on infrastructures integrated on a minimum of satellites that can be placed in either GEO, MEO or LEO.
The propagation delay via satellite associated with these orbit ranges can be summarized in Table 7.4.1-1:
Table 7.4.1-1: Propagation delay via satellite
	
	UE to serving satellite propagation delay [ms] [NOTE 1]
	UE to ground max propagation delay [ms] [NOTE 2]

	
	Min
	Max
	

	LEO
	3
	15
	30

	MEO
	27
	43
	90

	GEO
	120
	140
	280

	NOTE1: The serving satellite provides the satellite radio link to the UE
NOTE2: delay between UE and ground station via satellite link; Inter satellite links are not considered


[bookmark: _Toc45387769][bookmark: _Toc52638814][bookmark: _Toc59116899][bookmark: _Toc61885732][bookmark: _Toc68279293]7.4.2	Requirements
A 5G system providing service with GEO based satellite access shall be able to provide services support which tolerate GEO based satellite access with up to 285 ms end-to-end latency (e.g. Voice, Non-Conversational Video (Buffered Streaming), TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)) as well as should be able to provide services which tolerate 145 ms end-to-end latency (e.g. Conversational Video (Live Streaming)).
NOTE 1:	 5 ms network latency is assumed and added to satellite one-way delay.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]A 5G system providing service with MEO based satellite access shall be able to supportprovide services which tolerate MEO based satellite access with up to 95 ms end-to-end latency (e.g. Conversational Voice, Non-Mission-Critical user plane Push To Talk voice, Video (Live Streaming), Interactive Gaming) as well as should be able to provide services which tolerate 48 ms end-to-end latency (Mission Critical user plane Push To Talk voice, Mission Critical delay sensitive signalling) if both gNB and CN components is on the satellite.
NOTE 2:	 5 ms network latency is assumed and added to satellite one-way delay.
[bookmark: _GoBack]A 5G system providing service with LEO based satellite access shall be able to provide services support LEO based satellite access with up towhich tolerate 35 ms end-to-end latency (e.g. Real Time Gaming, V2X messages, Electricity distribution – medium voltage, Process automation monitoring) should be able to support services which tolerate 20 ms end-to-end latency (e.g. Intelligent transport systems).
NOTE 3:	 5 ms network latency is assumed and added to satellite one-way delay.
A 5G system shall support negotiation on quality of service taking into account latency penalty to optimise the QoE for UE.
The 5G system with satellite access shall support high uplink data rates for 5G satellite UEs.
The 5G system with satellite access shall support high downlink data rates for 5G satellite UEs.
The 5G system with satellite access shall support communication service availabilities of at least 99,99%.
Table 7.4.2-1: Performance requirements for satellite access
	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity
(DL) 
(note 1)
	Area traffic capacity
(UL) 
(note 1)
	Overall user density 
	Activity factor
	UE speed
	UE type

	Pedestrian
(note 2)
	[1] Mbit/s
	[100] kbit/s
	1,5 Mbit/s/km2
	150 kbit/s/km2
	[100]/km2
	[1,5] %
	Pedestrian
	Handheld

	Public safety
	[3,5] Mbit/ss
	[3,5] Mbit/s
	TBD
	TBD
	TBD
	N/A
	100 km/h
	Handheld

	Vehicular connectivity
(note 3)
	50 Mbit/s
	25 Mbit/s
	TBD
	TBD
	TBD

	50 %
	Up to 250 km/h
	Vehicle mounted

	Airplanes connectivity
(note 4)
	360 Mbit/s/ plane
	180 Mbit/s/ plane
	TBD
	TBD
	TBD
	N/A
	Up to 1000 km/h
	Airplane mounted

	Stationary

	50 Mbit/s
	25 Mbit/s
	TBD
	TBD
	TBD
	N/A
	Stationary
	Building mounted

	Narrowband IoT connectivity
	[2] kbit/s
	[10] kbit/s
	8 kbit/s/km2
	40 kbit/s/km2
	[400]/km2
	[1] %
	[Up to 100 km/h]
	IoT

	Note 1: Area capacity is averaged over a satellite beam.
Note 2: Data rates based on Extreme long-range coverage target values in clause 6.17.2. User density based on rural area in Table 7.1-1.
Note 3: Based on Table 7.1-1
Note 4: Based on an assumption of 120 users per plane 15/7.5 Mbit/s data rate and 20 % activity factor per user
Note 5: All the values in this table are targeted values and not strict requirements. 
Note 6: Performance requirements for all the values in this table should be analyzed independently for each scenario. 



* * * * End of Changes * * * *

