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Introduction:
Performance and integrity of GNSS in urban environments continues to be a challenge for many industries.  Smartphone users, automotive, IoT, and even drones all rely on GNSS as a part of determining their position on the Earth.   The GNSS receiver’s performance will be impacted by the local environment, such as buildings, terrain and other environmental factors that can interfere or block GNSS signals, and the performance will likely be degraded and unpredictable compared to the performance in areas with an unobstructed view of the sky. Also, the integrity determination will be very impacted.
These multipath effects were categorized as part of the GNSS local environment feared events together with interference and spoofing in the Rel 17 study item technical report TR 38.857.
[bookmark: _Toc65702286]The Rel 17 positioning study item (see results in TR 38.857) 3GPP already identified the GNSS local environment feared events as impacting the positioning and its integrity. It captured the importance of solutions to support integrity for NLOS/multipath environments. It was also recognized that information about NLOS is an important issue for judging the integrity of the GNSS data. Please note the text under 9.3.1.1.3 GNSS feared events of 38.857 (multipath)

Solution details:
One way to address the problem of NLOS/multipath environment is to determine which GNSS satellites are line-of-sight (LOS) and provide the locally relevant information to the UE.   As shown below in Figure 1, this information would enable the UE to know which satellites would be more likely to have ranging errors due to multi-path, and which satellites would not be expected to have significant errors.
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Figure 1: LOS and NLOS satellites

The LOS / NLOS data may be computed off-line, and forecast for a period of up to several days, using a combination of:
(i) Accurate 3D digital mapping;
(ii) Satellite orbit forecasts, valid for the period over which the forecast is being made;
(iii) Computation of the LOS availability of a satellite for a specific location.
How the LoS assistance data is generated, managed and obtained by the location server is out of scope from a 3GPP LPP specification perspective.
This results in the LoS forecast being available for any location of interest, and this data can then be provided to the UE as part of the assistance data in LPP.  The assistance data can be provided either upon request (solicited) or without request (unsolicited) from the device, see the following two figures from 3GPP TS 37.355, Section 5.2.



Figure 5.2.1-1: LPP Assistance data transfer procedure


Figure 5.2.2-1: LPP Assistance data transfer procedure

Specifically, the ProvideAssistanceData and further 
[bookmark: _Toc27765143][bookmark: _Toc37680800][bookmark: _Toc46486370][bookmark: _Toc52546715][bookmark: _Toc52547245][bookmark: _Toc52547775][bookmark: _Toc52548305][bookmark: _Toc115730023]–	ProvideAssistanceData
The ProvideAssistanceData message body in a LPP message is used by the location server to provide assistance data to the target device either in response to a request from the target device or in an unsolicited manner.
-- ASN1START

ProvideAssistanceData ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideAssistanceData-r9	ProvideAssistanceData-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideAssistanceData-r9-IEs ::= SEQUENCE {
	commonIEsProvideAssistanceData		CommonIEsProvideAssistanceData		OPTIONAL,	-- Need ON
	a-gnss-ProvideAssistanceData		A-GNSS-ProvideAssistanceData		OPTIONAL,	-- Need ON
	otdoa-ProvideAssistanceData			OTDOA-ProvideAssistanceData			OPTIONAL,	-- Need ON
	epdu-Provide-Assistance-Data		EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[
	sensor-ProvideAssistanceData-r14	Sensor-ProvideAssistanceData-r14	OPTIONAL,	-- Need ON
	tbs-ProvideAssistanceData-r14		TBS-ProvideAssistanceData-r14		OPTIONAL,	-- Need ON
	wlan-ProvideAssistanceData-r14		WLAN-ProvideAssistanceData-r14		OPTIONAL	-- Need ON
	]],
	[[	nr-Multi-RTT-ProvideAssistanceData-r16
										NR-Multi-RTT-ProvideAssistanceData-r16
																			OPTIONAL,	-- Need ON
		nr-DL-AoD-ProvideAssistanceData-r16
										NR-DL-AoD-ProvideAssistanceData-r16	OPTIONAL,	-- Need ON
		nr-DL-TDOA-ProvideAssistanceData-r16
										NR-DL-TDOA-ProvideAssistanceData-r16
																			OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

[bookmark: _Toc27765220][bookmark: _Toc37680899][bookmark: _Toc46486470][bookmark: _Toc52546815][bookmark: _Toc52547345][bookmark: _Toc52547875][bookmark: _Toc52548405][bookmark: _Toc115730145]–	A-GNSS-ProvideAssistanceData
The IE A-GNSS-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑based and UE‑assisted A‑GNSS. It may also be used to provide GNSS positioning specific error reasons.
-- ASN1START

A-GNSS-ProvideAssistanceData ::= SEQUENCE {
	gnss-CommonAssistData			GNSS-CommonAssistData				OPTIONAL,	-- Need ON
	gnss-GenericAssistData			GNSS-GenericAssistData				OPTIONAL,	-- Need ON
	gnss-Error						A-GNSS-Error						OPTIONAL,	-- Need ON
	...,
	[[
		gnss-PeriodicAssistData-r15	GNSS-PeriodicAssistData-r15			OPTIONAL	-- Cond CtrTrans
	]]
}

-- ASN1STOP

The assistance data can be provided for the current GNSS satellite constellations (GPS, GLONASS, BeiDou, Galileo, QZSS and SBAS satellites), so typically these are MEOs, at ~20,000 km orbital height. These satellite orbits produce an apparent movement relative to the user on the ground of approximately 1 degree in elevation and/or azimuth per minute. The actual rate of change for the complete constellation of satellites depends upon the relative position of the obstructions around the user.  An individual satellite may have a change in LOS in a range of between 5 minutes and 4 hours – again depending upon the local obstructions. Hence, the update of this information for a particular location is normally provided at the range of a few minutes to a few hours depending on the position of the satellites with respect to the local obscurations.
Observation 1:  The update of LOS data due to the change of complete constellation of satellites depends on upon the relative position of the obstructions around the user and is between a few minutes and 4 hours.
The LoS assistance data can be provided for a specific spatial coverage, the size of which has a correlation to the known device location information . 
As baseline, the location server is aware of the serving/camping cell of the device, which gives a crude location information and a wide spatial scope. In case the location server has access to more accurate location information of the UE, the  spatial scope can be much smaller.
The data provided to the UE is for a particular spatial scope,  contains the LOS satellite IDs and the time duration during which they are LOS for a specific location.  As the data is specific to a UE and its position and the time requested, it makes more sense to provide via unicast, but broadcast could also be considered.
Observation 2: It makes more sense to provide the additional assistance data via unicast, but broadcast may also be considered. 
The amount of data provided depends on several factors including:
1) the area to be provided
2) the resolution of the data needed 
3) satellite constellations requested
4) duration over which the forecast data should be provided.
Device Movement:
When a UE is moving, the update rate for data to be sent from the location server to UE will depend upon the rate at which the device moves between different locations for which forecast data is available.
As can be seen, there is therefore a trade-off between the update frequency, and the coverage area provided to the UE, to support its navigation.
The amount of data sent to a user depends upon the geographic area to be provided and the resolution of the data provided. The data size is variable, typically between 30 – 50 bytes in an urban area per location for which data is provided, with the exact amount depending upon the duration for the wanted forecast and the number of satellites provided.
For example, if you were to have an uncertainty of +/-5 m (considered as a square, of sides 10m, for this example), that would be 10 x 10 = 100 individual points, at a 1 metre resolution.  Hence 3 – 5 kB for that UE request.  

If the uncertainty were +/- 2m, i.e. a square with sides of 4m (16 individual points), then for the same 1 metre resolution, it would be between 480 – 800 bytes.
Observation 3: The amount of data and the frequency of update is depending on several factors such as resolution of the data, geographical areas and the speed of the device
Example 1: For pedestrian user moving at speed of 5 km/h, the updates would need to be sent every 7.2 seconds in case of 10 x 10 = 100 individual points, at a 1 metre resolution.
Example 2: For the a vehicle moving at a speed of 36km/h (10m/s), along one lane in a city, it would require an update of the data covering an area of 10m x 5m per second. This would mean that the information for approx.50 points would need to be updated every second resulting in  1.5kB - 2.5kB per second.
Observation 4: The update rate of the suggested solution is similar to already standardized RTK services, which are typically at the rate of 2 kBytes per second. 
When the device (smartphone, car, drone, etc.) can access the current or future satellite LOS it can use it for real-time correction/augmentation to improve GNSS positioning performance, and reduce the use of satellite data that has been contaminated by multipath signals, as well as improving integrity through comparison with decisions that the receiver is already making.
[bookmark: _Toc65702291]This additional data is part of local environment data. In section 9.4.1.1
[bookmark: _Hlk59087780][bookmark: _Hlk59088151]“External feared event impacting the GNSS Assistance Data”, TR 38.857 already captured the local environmental events impacting the GNSS reference stations.
Impact to standards:
In order to enable proposed changes within 3GPP, LOS information in combination with satellites IDs at a particular location needs to be added to LPP protocol, Provide AssistanceData IE. In order to provide the highlighted solution, there is no need to enhance any uplink messages and the changes are limited to RAN WG2 (LPP protocol) only. 
Observation 5: The solution under consideration is within RAN2 scope only.
Conclusion:
The co-signing companies believe that the addition of assistance information (LOS information in combination with satellites IDs for a specific spatial scope) to LPP data in downlink would significantly contribute to enhancing of accuracy and integrity of GNSS and would like to highlight the importance of enabling the UE to access the current or future satellite LOS information for real-time correction/augmentation to improve GNSS positioning performance ASAP via LPP.
The co-signed companies believes that proposed solution is in scope of RAN WG2 only and has limited impact to specification.
Proposal 1: The co-signed companies would like to suggest to standardize the highlighted solution within Rel 18 WI and include in the WID, the Appendix text proposal.
Proposal 2: If the proposal 1 is not accepted, it is proposed to discuss this topic as part of TEI 17 or TEI 18 within RAN WG2.

Appendix: Suggested to be added to the WID text proposal
Justification:
One remaining GNSS positioning integrity matter from the Rel-17 Study Item of “Study on NR Positioning Enhancements” concerns GNSS location environment feared events, in particular due to multipath propagation and LoS/NLoS. The accomplishments of the study for positioning enhancements are documented in [3GPP TR38.857] 
Objective:
· Specify the signaling enhancements to support GNSS positioning integrity local environment feared events in terms of signal multipath and LoS/NLoS [RAN2]:
· Define assistance data enhancements that will be used to support multipath and LoS/NLoS characterization
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