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At RAN4#80bis a WF on RRM core requirements for V2V and V2X [3] was agreed, and where the following was captured regarding GNSS synchronization source selection.Synchronization related requirements
· Open issues for further discussion (FFS if requirements should be introduced)
· Synchronization source reselection evaluation period to prevent fast changes to/from GNSS synchronization source
· Interruptions related to synchronization source selection/reselection 
· GNSS detection time requirements
· Requirements for UE to maintain valid GNSS assistance information
· WAN/GNSS timing misalignment related procedures/requirements 
· Target scenarios for requirements definitions (e.g. network synchronization assumptions, shared/dedicated carriers)
· e.g. V2V or UL dropping



In this contribution we are providing a proposal on UE requirements on time to acquire GNSS time information when the UE has been connected to RAN and suddenly loses coverage.  
Background on GNSS positioning
GPS
GNSS positioning (e.g. GPS, GLONASS, BDS, Galileo) relies on trilateration for which signals from at least three satellites must be received. The navigation data needed for the positioning comprises a GNSS almanac which provides coarse information about many or all space satellites in the specific system and is transmitted by each satellite, and ephemeris data that is transmitted individually by each satellite and contains information that allows the positioning device to accurately determine the precise orbit of the satellite.

The information broadcasted by a GPS satellite is partitioned into 30 seconds frames that are split into 5 subframes, each of 6 seconds duration. Each subframe is further split into 10 words of 30 bits each. Subframes 4 and 5 contain parts of the almanac information, and subframes 2 and 3 contain the ephemeris information; see Table 1.

[bookmark: _Ref463340515]Table 1: GPS message format
	Subframe
	Word
	Description

	1
	1 – 2 
	Telemetry and handover words

	
	3 – 10 
	Satellite clock
GPS time relationship

	2 – 3 
	1 – 2 
	Telemetry and handover words


	
	3 – 10 
	Ephemeris

	4 – 5 
	1 – 2 
	Telemetry and handover words

	
	3 – 10 
	Almanac partial information



The complete GPS almanac information message, where GPS is used here to provide an example, is transmitted over a transmission time interval of 25 frames or 12.5 minutes. The almanac information is uploaded from the ground station daily, but may be valid several days or even weeks. The almanac information comprises information e.g. on coarse orbit and status of some or all satellites in the positioning system, and hence provides information to the positioning device on which satellites it can use in the positioning. Further it contains the information needed to convert GPS time to UTC time. The GPS almanac information message size is 12 kbit in total.

The ephemeris information message is transmitted in its entire every frame, and requires reception of subframes 2 and 3, i.e. requires reception over a period of 12 seconds. Since it is transmitted in subframes 2 and 3, in case the first reception starts in the middle of those subframes the positioning device may have to wait for the next frame before it can receive it, by which the acquisition time becomes up to 36 seconds. The ephemeris information message is updated every 2 hours, and considered valid for four hours. The ephemeris information message size is 480 bits in total.

There are three different use cases associated with time to first fix (TTFF), i.e. the time it takes to determine the first position estimate: Cold start, Warm start, and Hot start. In cold start the positioning device needs to acquire almanac and ephemeris to determine the position, in warm start the positioning device acquires only the ephemeris, and in hot start the positioning device uses only already stored information; see Table 2.The TTFF is very much depending on which of these scenarios is applicable. For Cold start, since an almanac is to be acquired (refreshed), it will take some 12.5 minutes longer than for Warm start, and Warm start may take up to 36 seconds per satellite longer than Hot start, where the exact time depends on the capability of the positioning device regarding how many carriers can be received simultaneously. For Hot start a TTFF is typically 1 to 5 seconds.

[bookmark: _Ref463357788]Table 2: GPS start-up procedures and usage of stored parameter values.
	Previously acquired parameter
	Cold start
	Warm start
	Hot start

	Position
	Refresh
	Stored
	Stored

	Time
	Refresh
	Stored
	Stored

	Almanac
	Refresh
	Stored
	Stored

	Ephemeris
	Refresh
	Refresh
	Stored



Observation 1: 
· With up-to-date information on GPS almanac and ephemeris, a positioning device can typically find its position within 1 to 5 seconds.
GNSS-based positioning in LTE
LTE as well as previous radio access technologies support positioning of UEs, initiated either by the UE itself (Mobile Originated Location Request; MO-LR), the network (Network Induced Location Request; NI-LR) or an external client e.g. a server in the cloud (Mobile Terminated Location request; MT-LR). In LTE Positioning Protocol (LPP) two interfaces exist: control plane, and Secure User Plane Location (SUPL).
LPP provides a UE means for requesting and acquiring assistance data for assisted GNSS (A-GNSS) via:
· A-GNSS-RequestAssistanceData
· A-GNSS-ProvideAssistanceData
The former is used by the UE to request, and the latter by the network node to provide, assistance data. The assistance data may comprise e.g. a GNSS almanac and/or ephemeris for multiple satellites.
Existing requirements on TTFF for A-GNSS is that the UE shall report its position within 20 seconds. This does however require that the UE has a RAN connection i.e. is attached to the core network and has a functional radio link over which it can receive GNSS assistance information.
Observation 2: 
· Existing requirements on A-GNSS yield that with assistance data provided by the network the UE shall find its position within 20 seconds.
Observation 3: 
· Existing requirements on A-GNSS positioning time is based on that the UE can acquire up-to-date information on GPS almanac and ephemeris from the network, i.e., that the UE is within RAN coverage.  
GNSS synchronization source selection time
A V2X UE that is not engaged in CAM (cooperative awareness message) but only in DENM (decentralized environmental notification message) operation may use RAN as synchronization source for its sidelink operations. When losing RAN coverage it is therefore important that the UE can switch seamlessly to GNSS as synchronization source since otherwise, having been unsynchronized for 20 seconds or more, it may lose its ability to operate over the sidelink due to frequency drift. The figure here is based on the M7450 modem but it is likely similar for other modem implementations. As a result, the UE may become incapable of receiving and transmitting safety-critical messages, with increased risk for accidents and injuries to happen.
From safety point of view, we propose the following:
Proposal 1:
· RAN4 shall introduce requirements on how fast a V2X UE can select a GNSS synchronization source upon losing RAN coverage, as this increases the reliability of LTE V2X and can save lives and property.
In order to avoid loss of sidelink operation, we further propose the following:
Proposal 2:
· RAN4 shall introduce requirements on GNSS synchronization source selection that allow continued sidelink operation during the time from when the UE lost RAN coverage until it has acquired synchronization from GNSS.
Provided that chipset vendors can verify that sidelink operation can be guaranteed for 20 seconds without synchronization to RAN, we propose to reuse the requirements from A-GNSS in LPP:
Proposal 3:
· RAN4 shall specify that GNSS synchronization shall be achieved within 20 seconds, similar to existing requirements for LPP A-GNSS-based positioning. During this time the sidelink shall be fully operable.
Moreover, to secure the sidelink operation we propose that a test case is introduced where continued sidelink operation during the time the UE loses RAN synchronization until it finds GNSS synchronization is introduced.
Proposal 4:
· RAN4 shall specify a test case that secures that sidelink operation is guaranteed during the time the UE is switching from RAN to GNSS synchronization source.
One way to secure that the UE can select the GNSS synchronization source within the required time is to specify a UE behavior where up-to-date almanac and ephemeris are stored in the UE. Hence, when the UE is in RAN coverage, it:
· Downloads a new almanac at least once per [24] hours
· Downloads ephemeris at least once per [2] hours
in order to allow the UE to conduct a Hot start (Observation 1).
Proposal 5:
· RAN4 shall specify a UE behavior that secures that almanac information is refreshed at least every [24] hours and ephemeris information every [2] hours even if the GNSS receiver is turned off.
Summary
In this contribution we have provided information on GNSS and how synchronization times can be shortened when the UE loses RAN coverage and selects GNSS as synchronization source. This is critical for the safety and reliability aimed at being provided by the V2X system.
The following observations have been made:
Observation 1: 
· With up-to-date information on GPS almanac and ephemeris, a positioning device can typically find its position within 1 to 5 seconds.

Observation 2: 
· Existing requirements on A-GNSS yield that with assistance data provided by the network the UE shall find its position within 20 seconds.
Observation 3: 
· Existing requirements on A-GNSS positioning time is based on that the UE can acquire up-to-date information on GPS almanac and ephemeris from the network, i.e., that the UE is within RAN coverage.  
Based on the observations, we propose the following:
Proposal 1:
· RAN4 shall introduce requirements on how fast a V2X UE can select a GNSS synchronization source upon losing RAN coverage, as this increases the reliability of LTE V2X and can save lives and property.
Proposal 2:
· RAN4 shall introduce requirements on GNSS synchronization source selection that allow continued sidelink operation during the time from when the UE lost RAN coverage until it has acquired synchronization from GNSS.
Proposal 3:
· RAN4 shall specify that GNSS synchronization shall be achieved within 20 seconds, similar to existing requirements for LPP A-GNSS-based positioning. During this time the sidelink shall be fully operable.
Proposal 4:
· RAN4 shall specify a test case that secures that sidelink operation is guaranteed during the time the UE is switching from RAN to GNSS synchronization source.
Proposal 5:
· RAN4 shall specify a UE behavior that secures that almanac information is refreshed at least every [24] hours and ephemeris information every [2] hours even if the GNSS receiver is turned off.
It shall be noted that the proposals concern selection of GNSS synchronization source after losing RAN coverage. It is not aiming at imposing restrictions on synchronization time when the vehicle is started at a place where it is already outside RAN coverage.
References
[1] [bookmark: _Ref458783703]36.355 “LTE Positioning Protocol (LPP)”
[2] [bookmark: _Ref458783984]36.171 “Requirements for Support of Assisted Global Navigation Satellite System (A-GNSS)”
[3] [bookmark: _Ref465932832][bookmark: _Ref458786635]R4-168975 “Way forward on V2V and V2X RRM”, Huawei, HiSilicon, LG Electronics, CATT 






1


