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Abstract of the contribution: this contribution proposes the evaluation and conclusion for RAT/PLMN selection related to KI#1 R3.
Introduction/Discussion
This paper proposes the evaluation of the solutions (i.e. SOL#12 and SOL#13) which is related to the R3 KI#1 described in subclause 7.5.1 (i.e. "UE determines that it has to remain with no service or it has to attempt to register on available different RAT's/ PLMNs to receive the normal service during discontinuous coverage in current NTN RAT").

To deal with the discontinuous coverage of the satellite, some approaches are introduced for IoT NTN systems in Rel.17. For example the UE may deactivate its Access Stratum functions in order to optimise power consumption until coverage returns. Quoted from TS 23.401 as follows:

"when EMM-REGISTERED, perform a Tracking Area Update when it next returns to E‑UTRAN coverage. For UE using a RAN that provides discontinuous coverage (e.g. for satellite access with discontinuous coverage), if the UE knows how the E-UTRAN coverage varies with time based on information defined in TS 36.331 [37] (e.g. from the ephemeris data of a satellite access system that the UE is using) then the UE may deactivate its Access Stratum functions in order to optimise power consumption until coverage returns. Details are specified in TS 36.304 [34] and TS 24.301 [46]."

Meanwhile, in R17 IoT NTN RAN the satellite assistance information for the prediction of discontinuous coverage is captured in TS 36.331. Quoted from TS 36.331 v17.1.0 subclause 6.3.1 System information blocks:
" The IE SystemInformationBlockType32 contains satellite assistance information for prediction of discontinuous coverage. SystemInformationBlockType32 is only signalled in a NTN cell.

SystemInformationBlockType32 information element

-- ASN1START

SystemInformationBlockType32-r17 ::= SEQUENCE {


satelliteInfoList-r17



SatelliteInfoList-r17
OPTIONAL,
-- Need OR


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


...

}

SatelliteInfoList-r17 ::= 
SEQUENCE (SIZE (1..maxSat-r17)) OF SatelliteInfo-r17

SatelliteInfo-r17 ::= 

SEQUENCE {


satelliteId-r17



INTEGER (0..255),


serviceInfo-r17



SEQUENCE {



tle-EphemerisParameters-r17
TLE-EphemerisParameters-r17
OPTIONAL,
-- Need OR



t-ServiceStart-r17



TimeOffsetUTC-r17



OPTIONAL
-- Need OR



},


footprintInfo-r17


SEQUENCE {



referencePoint-r17 

SEQUENCE {




longitude-r17 



INTEGER (-131072..131071),




latitude-r17 



INTEGER (-131072..131071)



} OPTIONAL,
-- Need OR



elevationAngles-r17

SEQUENCE {




elevationAngleRight-r17
INTEGER (-14..14),




elevationAngleLeft-r17
INTEGER (-14..14) 



OPTIONAL
-- Need OP



} OPTIONAL,
-- Need OR



radius-r17




INTEGER (1..256)




OPTIONAL
-- Need OR


}

}

-- ASN1STOP

	……

	t-ServiceStart

Time information on when the incoming satellite is going to start serving the area for quasi-earth fixed satellite.


…"
Observation 1: in R17 based on the coverage related information (e.g. satellite assistance information for prediction of discontinuous coverage) defined in TS 36.331 the UE may deactivate the Access Stratum function when there is no satellite coverage, but it is not specified what service requirements will be considered to determine the deactivation of the Access Stratum functions in this scenario.
Moreover, to deal with satellite coverage gaps in R17, the High latency communication (HLCOM) could be used. Quoted from TS 23.401 v17.5.0: 
" Functions for High latency communication may (depending on operator configuration) be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions (e.g. UE Power Saving Mode (see clause 4.3.22) or extended idle mode DRX (see clause 5.13a)) or UEs that are using a satellite access with discontinuous coverage. "High latency" refers to the initial response time before normal exchange of packets is established. That is, the time it takes before a UE has woken up from its power saving state and responded to the initial downlink packet(s). The feature is described in TS 23.682 [74]."

Observation 2: in R17 HLCOM function may be used for the UE when there is no satellite coverage, but it is not specified what service requirements will be considered to determine the application of HLCOM in this scenario.  

For the IoT system there could be some particular requirements. For example, some IoT devices might not have stringent delay requirements for the user plane data, and might have special power efficiency requirements. Quoted from TR 45.820 v13.1.0 as follows:

"Machine to Machine (M2M) communication represents a significant growth opportunity for the 3GPP ecosystem. To support the so called 'Internet of Things' (IoT), 3GPP operators have to address usage scenarios with devices that are power efficient (with battery life of several years), can be reached in challenging coverage conditions e.g. indoor and basements and, more importantly, are cheap enough so that they can be deployed on a mass scale and even be disposable. 

….

 Techniques captured in this report have been developed based on the assumption that Cellular IoT devices require very low throughput, do not have stringent delay requirements like those required for real time services, do not need to support circuit switched services, do not need to support Inter-RAT mobility and will perform intra-RAT mobility by cell reselection. "  

However, in 5G there could be services having different service requirements (e.g. latency requirement) to the network. Quoted from TS 22.261 clause 4 as follows:

" 4 Overview

Unlike previous 3GPP systems that attempted to provide a 'one size fits all' system, the 5G system is expected to be able to provide optimized support for a variety of different services, different traffic loads, and different end user communities. Various industry white papers, most notably, the NGMN 5G White Paper [2], describe a multi-faceted 5G system capable of simultaneously supporting multiple combinations of reliability, latency, throughput, positioning, and availability. "

In some scenarios, the latency requirement could be related to user plane data transfer. Quoted from TS 23.548 subclause 6.3.6 as follows:

"6.3.6
Edge Relocation Considering User Plane Latency Requirement

…
In a network deployment where the estimated user plane latency between the UE and the potential PSA-UPF is known to the SMF, the 5GC provides the enhancement of AF influence to consider the user plane latency requirements requested by the AF so that the SMF decides to relocate the PSA-UPF based on AF requested requirements.
The AF may provide user plane latency requirements to the network via AF traffic influence request as described in TS 23.502 [3], clause 5.2.6.7. The user plane latency requirements may include the following information:

-
Maximum allowed user plane latency: The value of this information is the target user plane latency. The SMF may use this value to decide whether edge relocation is needed to ensure that the user plane latency does not exceed the value. The SMF may decide whether to relocate the PSA UPF to satisfy the user plane latency."

Quote from TS 23.502:

Table 4.15.6.3a-1: Description of Network Configuration parameters

	Network Configuration parameter
	Description

	…
	

	Maximum Latency
	Identifies maximum delay acceptable for downlink data transfers.
Example: in order of 1 minute to multiple hours.

[optional]

	…
	


There are also some other service requirements, e.g. service continuity, defined in specifications. Quoted from TS 23.501 v17.5.0 clause 3.1:
"Service Continuity: The uninterrupted user experience of a service, including the cases where the IP address and/or anchoring point change."

Based on the various service requirements in 5G, there could be UEs for which the power efficiency requirement is not so crucial as the service continuity or data transfer latency. For example, when the UE in an oil plant is used to transfer the monitoring information (e.g. the equipment's temperature, position or moving information which could impact the control command for the equipment in return) through the satellite system, the user plane data (i.e. the monitoring information) could not tolerate the delay too long (e.g. nearly 10 hours) caused by the satellite discontinuous coverage. Similarly, the DL user data (e.g. information used to control the equipment in the oil plant in time) might not be able to tolerate the long period of delay either. Quoted from TS 23.401:

" For example, if a satellite system only provides coverage to a UE for 20 minutes when a satellite passes, and the maximum time before a satellite passes any point on the earth is 10 hours, the MME could configure the periodic TAU timer and mobile reachable timer to be just greater than 20 minutes and the Implicit Detach timer to be greater than 10 hours." 

Therefore, when the UE deactivates the AS function to optimise power consumption because there is no satellite coverage, the service experience might be degraded because of the long latency. 
In NTN, different RAT/PLMN may provide different coverage because of the different satellite situations (e.g. RAT types). Therefore, for a location, when there are coverage gaps of one RAT/PLMN, there might be coverage of another RAT/PLMN. In release 17, different RAT types are defined for NR satellite access. Quoted from TS 23.501 v17.5.0:
" The AMF determines the RAT Type for NR satellite access, i.e. NR(LEO), NR(MEO), NR(GEO) and NR(OTHERSAT). When the UE is accessing NR using satellite access, an indication is provided in N2 interface indicating the type of NR satellite access, as defined in TS 38.413 [34]."

Observation 3: for IoT system the service might not have stringent delay requirements for the user plane data, therefore the deactivation of the Access Stratum and HLCOM might be acceptable. But in 5G there could be various service requirements (e.g. different latency requirements) and some services may not be able to tolerate the result (e.g. service continuity issue, latency) caused by the deactivation of the Access Stratum or HLCOM for the discontinuous coverage. Meanwhile, for a location, when there are coverage gaps of one RAT/PLMN there might be coverage of another RAT/PLMN.
Observation

Observation 1: in R17 based on the coverage related information (e.g. satellite assistance information for prediction of discontinuous coverage) defined in TS 36.331 the UE may deactivate the Access Stratum function when there is no satellite coverage, but it is not specified what service requirements could be considered to determine the deactivation of the Access Stratum functions in this scenario.

Observation 2: in R17 HLCOM function may be used for the UE when there is no satellite coverage, but it is not specified what service requirements could be considered to determine the application of HLCOM in this scenario. 
Observation 3: for IoT system the service might not have stringent delay requirements for the user plane data, therefore the deactivation of the Access Stratum and HLCOM might be acceptable. But in 5G there could be various service requirements (e.g. different latency requirements) and some services may not be able to tolerate the result (e.g. service continuity issue, latency) caused by the deactivation of the Access Stratum or HLCOM for the discontinuous coverage. Meanwhile, for a location, when there are coverage gaps of one RAT/PLMN there might be coverage of another RAT/PLMN.
This contribution proposes to evaluate the solutions (i.e. SOL#12 and SOL#13) and the Rel.17 methods for IoT NTN related to RAT/PLMN selection from the following aspects:
· latency of the user plane data transfer when no satellite coverage
· inter-RAT handover supporting (i.e. service continuity for the UE in connected mode)

· impact scope
Proposal

It is proposed to add the following evaluation and conclusion for the R3 KI#1 to the TR 23.700-28 "Study on Integration of satellite components in the 5G architecture"
START OF CHANGES
7.X
Overall Evaluation for KI#1
7.X.Y R3 KI#1 RAT/PLMN selection related solutions evaluation
Two solutions (i.e. SOL#12 and SOL#13) and the Release 17 specification are related to the R3 KI#1 described in subclause 7.5.1 (i.e. "UE determines that it has to remain with no service or it has to attempt to register on available different RAT's/ PLMNs to receive the normal service during discontinuous coverage in current NTN RAT").:
Solution #12: Minimize discontinuous coverage by inter-RAT handover processing

Solution #13: Applicability of no service in discontinuous coverage
It is proposed to evaluate the solutions (i.e. SOL#12 and SOL#13) and the R17 specification for discontinuous satellite coverage from the following aspects:

· latency of the user plane data transfer when the UE is out of satellite coverage
· service continuity (e.g. inter-RAT handover related with NR satellite access RAT Type) when the UE is out of satellite coverage
· impact scope

	Aspects to compare
	R17 specification for discontinuous satellite coverage
	Solution #12
	Solution #13

	latency of the user plane data transfer when the UE is out of satellite coverage

	The user plane data may not be transferred until the satellite coverage come back because during satellite coverage gaps the High Latency Communication (HLCOM) functionality may apply and the Access Stratum function may be deactivated.
It is not clear what service requirements (e.g. the user plane latency) are considered to determine the application of HLCOM and Access Stratum function deactivation during satellite coverage gaps. 
Compared with IoT NTN, in 5G there could be more kinds of scenarios with various service requirements (e.g. different latency requirements) without considering which the service experience could be bad.
	Uninvolved
	The latency could be reduced if the UE can select and register into other RAT/PLMN during satellite coverage gaps.
The network's instruction, AF requirement (e.g. Maximum Latency), and the UE inputs/preference could be used to determine whether the UE remains in no service or selects other RAT/PLMN, which means the service experience might be better.

	service continuity ( e.g. inter-RAT handover related with NR satellite access RAT Type )
	Satellite access RAT Type related inter-RAT handover for discontinuous satellite coverage is not specified in R17.

It is either not specified in R17 what service requirements (e.g. service continuity) could be considered to determine the triggering of the inter-RAT handover in the scenario of discontinuous satellite coverage. 
	NR satellite access RAT Type related Inter-RAT handover is supported to provide service continuity as much as possible. 
Detecting the UE is about to leave from the current satellite access coverage by UE and/or RAN triggers the inter-RAT handover procedure.
	Handover is not involved in this solution.



	CN impact
	Yes

The principles applied to the EPS (e.g. HLCOM application when no satellite coverage, specific MME configuration, etc.) applies to the 5GC.
	Yes
	Yes

	RAN impact
	Yes 

The principles applied to the E-UTRAN ( e.g. in R17 the UE knows how the E-UTRAN coverage varies with time based on information defined in TS 36.331 [37] (e.g. from the ephemeris data of a satellite access system that the UE is using) then the UE may deactivate its Access Stratum functions) applies to R18 NR satellite access system.
	Yes
	No

	UE impact
	Yes.

The principles applied to the UE in Rel.17 ( e.g. based on the ephemeris data, the UE knows the coverage gaps and may deactivate the access stratum function) applies to the UE in R18 NR satellite access system.
	Yes
	Yes


* next change *
8.X
Conclusions for KI#1
8.X.Y Conclusions for R3 KI#1 RAT/PLMN selection
The following aspects for RAT/PLMN selection are concluded as principles for the normative work.
R17 specification for discontinuous coverage alone could not deal with all kinds of scenarios in 5G to fulfill the various service requirements. Sol#12 and #13 could help to enhance the service experience in some way.
During satellite coverage gaps, the following conditions might be used to determine the deactivation of the Access Stratum function, the application of HLCOM function, and the access to other RAT/PLMN:
· the service requirements (e.g. Service Continuity, latency of the user plane data transfer);
· the network instruction; and
· the UE inputs/preference.
END OF CHANGES
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