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1. 	Introduction
A new work item on "NR Positioning Support" has been agreed at RAN#83 [1]. The objectives include:
Study and, if agreed, specify system level aspects of the DL-only UE based positioning [RAN2]
UE-based positioning has been studied in [4] and it was concluded that "DL-only UE-based positioning is feasible from a RAN1 perspective. System level aspects need further consideration in other working groups."
In this contribution we discuss the benefits of UE-based positioning and summarize the system level aspects. It is shown that UE-based DL-only positioning has multiple benefits in comparison to other positioning modes and can be enabled with a relatively small extension to LPP [2].

2. 	UE-Based Positioning
2.1	Introduction
Three positioning modes are currently defined for positioning methods that rely on position measurements by a target device [2]. The positioning modes are distinguished based on the location of the position calculation function (PCF) and the use of assistance data [3]:
-	UE-assisted: In this mode the target device provides position measurements to a location server for computation of a location estimate by the location server. The network may provide assistance data to the target device to enable position measurements and/or improve measurement performance.
-	UE-based: The target device performs both position measurements and computation of a location estimate and assistance data for one or both of these functions is provided to the target device by a location server. 
-	Standalone: The target device performs measurements and location computation without network assistance data. 
RAN-external ("RAT-independent") positioning methods such as GNSS are currently supported for all three positioning modes [2]. However, RAN native ("RAT-dependent") positioning methods are currently supported in UE-assisted mode only in the case of LTE, which may possibly be carried over to NR. This limits the implementation of UE-based RAT-dependent positioning, as well as hybridisation with RAT‑independent methods (e.g., GNSS, sensors, etc.).
It is noted that a pure standalone mode normally has limited performance (e.g. high latency and limited accuracy in the case of GPS) and that a UE-based mode has to be used to remedy this via additional assistance data. Hence, the real comparison here is between UE-based and UE-assisted modes.
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For location services, the client may be the UE itself (e.g., user of a location based application) or external to the network (e.g. for friend/relative finder or asset tracking). 
For a service to the UE itself, it is no coincidence that almost all current commercial services (e.g. Android, iOS, etc.) are UE-based (even though an OTT server could have been used for UE-assisted mode). The main advantages are:
A.	Scalability to millions (or billions) of UEs using a server to provide periodic assistance, e.g., via broadcast. 
B.	Low latency – location can be "always on" (in contrast, UE-assisted mode could deliver location with 5-30 seconds latency for position methods like GNSS or OTDOA.)
C.	Tight integration with location related applications (e.g. where location and velocity may need to be updated frequently (such as for navigation/tracking applications)).
D.	Reduced network and UE resource usage (signaling, processing) for both location and UE connectivity. Positioning can be performed in idle mode.  
E.	Improved performance by combining various position sources ("hybrid positioning") via tight integration in the measurement domain (e.g., hybridization with sensor (IMU) measurements, etc.); see also TR 38.855 [4] and references therein).
The benefits above apply to all DL positioning methods in UE-based mode (e.g., GNSS, OTDOA), but either do not apply or apply less effectively to UE-assisted mode.  An additional factor which contributes to benefit E is that more measurement related information that may affect location computation is usually available internally to the target device. This additional information may include estimates on measurement accuracy, inter-frequency or other calibration biases, multipath detection, clock accuracy and drift estimates, etc. In addition, the resolution of the location measurements used for position calculation (e.g., RSTD’s) is not limited by the reporting resolution (quantization).    
For a service to external clients, benefits A-D are reduced (or at least mitigated) by the separation of the target device and the client, the explicit involvement of the network to transfer a request and a response, and the likelihood of a lower rate of location for an external client.  Consequently, UE‑assisted mode might work almost as well as UE-based mode (though latency can still be lower, and accuracy can still be better with UE-based mode). However, if UE-based mode is going to be used for a UE client, leveraging UE-based mode also for external clients would be more economic (lower cost). This does not only apply to commercial services, but also for regulatory services such as E911. 
For regulatory services, there is a clear trend towards "Device Based Hybrid" (DBH) solutions (e.g., [5],[6]), primarily because of the latency and performance improvement which can be achieved with UE-based mode summarized above. The integration of UE-based RAT-dependent methods would further increase the accuracy, reliability and trust of the DBH location solution, and therefore, would also improve regulatory (e.g., E911) services. Otherwise, if UE-based RAT dependent positioning is not available, it may mean that operators would have to mix positioning modes; for example, using UE-based mode for DBH (RAT-independent) solutions, and UE-assisted mode for RAT-dependent methods. This is clearly suboptimal since it would result in two independent location estimates and a decision has to be made which location estimate should be provided to the emergency client.  
In addition, UE-based mode can reduce deployment and operational costs by reducing resource usage and easing scalability as associated with items D and A above.  
Observation 1:	UE-based mode has significant (and well known) advantages compared to UE-assisted mode not only for commercial services to UE and external clients, but also for improving regulatory services (e.g., E911).
2.3	Secure Assistance Data Delivery for UE-based
UE-based positioning has been discussed in RAN1 (although, there is no RAN1 specification impact) [4]. RAN1 concluded that "DL-only UE-based positioning is feasible from a RAN1 perspective. System level aspects need further consideration in other working groups." [4]. The main concern raised in RAN1 and on the 3GPP_TSG_RAN_DRAFTS reflector was "security concerns". Assuming these "security concerns" comprise confidentiality of the network information, such as base station locations and network synchronization information, it should be noted that "confidentiality of the network information" appears to be a deployment aspect only, as there is no requirement to support UE-based positioning in all deployments. At least in principle, "network information" necessary for UE‑based positioning may not often be valid long-term. For example, time synchronization information is typically time-varying (at least for high-accuracy location), and also association of e.g., PRS-ID to base station location information may (at least in principle) not be fixed in a certain deployment. Further, LTE supports encryption of assistance data which can be similarly supported in NR, which gives an operator control of the provided information (and could also provide a revenue stream for operators). An operator who does not want "network information" to become publicly available can protect the information in a variety of ways as follows. 
A.	Information can be restricted to subscribed UEs only via point to point delivery from a PLMN server (e.g. LMF) or broadcast using ciphering. The information can then be excluded from any standardized APIs, making it unavailable (or less likely to be available) to any Apps running on a UE.
B.	The information can be deliberately changed periodically or simply allowed to change in the normal course of network operation (e.g. as in the case of time differences between non-synchronized gNBs).
C.	Information that cannot (easily) change such as cell IDs and gNB coordinates can be protected to some degree via obfuscation techniques. For example, cell IDs can be ciphered and periodically reciphered, with UEs seeing ciphered IDs which periodically change and NFs seeing fixed deciphered IDs which never (or seldom) change.
D.	Deployment can be limited to environments more fully under operator control (e.g. factories, offices, warehouses) or where location service is not charged (e.g. schools. hospitals, airports, shopping malls, convention centres), where "network information" of the type needed for UE-based operation does not need to be so tightly protected.
Some of these methods may add operator expense and require some cost-benefit assessment before being used. It may also be the case that some leakage of information may not be particularly harmful to an operator. For example, cell site locations are often known approximately (or even quite accurately) by OEM, OTT and HLOS location providers via information already freely available to any wireless enabled device. Deploying UE-based positioning with some level of protection according to one or more of A-D above may then not significantly change this.
However, in cases where "network information" is seen as high value or sensitive and cannot be adequately and cost-effectively protected (e.g., according to A-D above), an operator would still be free to deploy UE-assisted mode.  
Observation 2:	Provision of assistance data is fully under operator control and – in case of e.g. confidentiality concerns – can be restricted to particular environments or use cases. Specific deployment aspects are typically beyond the scope of 3GPP.
Observation 3:	Network information used for UE-based mode can be protected to a degree using both low cost and higher cost methods. For operators with high value or sensitive data which cannot be adequately and cost-effectively protected, UE-assisted mode can still be used.
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UE-based DL positioning is supported in e.g. cdma [7], GSM [8],[9],  UMTS [10], and LPPe [11]. Further, several contributions on UE-based OTDOA have been submitted for LTE Rel-15 as part of the "UE Positioning Accuracy Enhancements for LTE" work item [12] (e.g., [13] – [21], which also acknowledge the benefits summarized in section 2.2 above). Therefore, the system level impacts for UE-based DL positioning are well understood. 
Observation 4:	The system level aspects for UE-based positioning are well understood, given the available standards and previous investigations in 3GPP.
OTDOA for NR has not yet been defined. However, in principle, NR-OTDOA could be added as part of the existing OTDOA method in LPP, similar to what has been done for NB-OTDOA.
Also, assistance data for NR-OTDOA have not been defined yet. However, it is assumed that the NR OTDOA assistance data will contain similar/same information as the OTDOA assistance data for LTE, such as PRS configuration information, reference cell and neighbour cell measurement information. 
The assistance data defined for UE-assisted OTDOA (e.g., PRS configuration, etc.) would also be required for UE-based mode. However, for the position calculation function, additional assistance data are required, such as location coordinates of the TP antenna’s and timing information (e.g., [13] – [21]). The following assistance data for UE-based OTDOA are supported for UMTS ([10] section 10.3.7.103a "UE positioning OTDOA assistance data for UE-based"):
- 	Cell (antenna) locations for the reference cell, and each neighbour cell;
-	Real (or Relative) Time Differences (RTDs) (base station synchronization difference);
-	Quality of RTDs;
-	RTD drift rate;	
-	Round Trip Time (RTT) for all serving cells (active set).
Note, the RTT for UMTS is defined similarly to LTE (and most likely to NR well; i.e., as Rx-Tx time difference) and measured at the NodeB [22]. Therefore, base station measurements can be provided to the UE as additional assistance data already in UMTS specifications. This has significant advantages since it allows hybridization of OTDOA and RTT, and would allow OTDOA positioning in asynchronous networks, as discussed in further detail in [23, section 3.3]. Providing RTT measurements in the assistance data (when available) was already proposed in e.g. [17] for UE-based.
As discussed in e.g., [20], LPPe [11] also supports assistance data for UE-based LTE OTDOA and includes essentially the same information as summarized for UMTS above. 
Observation 5:	Additional assistance data for UE-based OTDOA (in addition to UE-assisted mode) include:
- Cell (antenna) locations for the reference cell, and each neighbour cell;
- Real (or Relative) Time Differences (RTDs) (base station synchronization difference);
- Quality of RTDs;
- RTD drift rate;
- Round Trip Time (RTT) measurements.
Assuming NR OTDOA is added to the existing LPP OTDOA method the additional assistance data required to support UE-based mode can be added to the OTDOA-ProvideAssistanceData message; for example:
-- ASN1START

OTDOA-ProvideAssistanceData ::= SEQUENCE {
	otdoa-ReferenceCellInfo			OTDOA-ReferenceCellInfo				OPTIONAL,	-- Need ON
	otdoa-NeighbourCellInfo			OTDOA-NeighbourCellInfoList			OPTIONAL,	-- Need ON
	otdoa-Error						OTDOA-Error							OPTIONAL,	-- Need ON
	...,
	[[
	  otdoa-ReferenceCellInfoNB-r14	OTDOA-ReferenceCellInfoNB-r14		OPTIONAL,	-- Need ON
	  otdoa-NeighbourCellInfoNB-r14	OTDOA-NeighbourCellInfoListNB-r14	OPTIONAL	-- Need ON
	]],
	[[
	  otdoa-ReferenceCellInfoNR-r16	OTDOA-ReferenceCellInfoNR-r16		OPTIONAL,	-- Need ON
	  otdoa-NeighbourCellInfoNR-r16	OTDOA-NeighbourCellInfoListNR-r16	OPTIONAL,	-- Need ON
	  positionCalculationInfo-r16	PositionCalculationInfo-r16			OPTIONAL,	-- Cond ue-based
	]]
}

-- ASN1STOP

The OTDOA-ReferenceCellInfoNR and OTDOA-NeighbourCellInfoListNR may be similar to the corresponding elements for LTE and NB-IoT and require further RAN1 progress before being specified.  
The IE PositionCalculationInfo includes the additional assistance data for UE-based and would include at least the information summarized in Observation 4 above for each assistance data cell. For example:

-- ASN1START

PositionCalculationInfo-r16 ::= SEQUENCE {
	ReferenceCellInfo-r16			SEQUENCE {
										cellID					TBD
										systemFrameNumber		TBD
										rtdReferenceQuality		TBD
										antennaLocation			TBD
										rtt						TBD
									},
	NeighbourCellInfo-16			SEQUENCE (SIZE (1..max)) of SEQUENCE {
										cellID					TBD
										relativeLocation		TBD
										rtdInfo					SEQUENCE {
													subframeOffset	TBD
													fineRTD			TBD
													rtdQuality		TBD
													rtdDriftRate	TBD
										},
										rtt						TBD
									}
}

-- ASN1STOP

Assuming the same IEs are used for both, LPP and broadcast (as in case of LTE [2]), the PositionCalculationInfo could be included in a generic positioning SIB container (i.e., additional posSIB type [2]). Using LTE as an example [2]:
	OTDOA Assistance Data 
	posSibType3-1
	OTDOA-UE-Assisted

	
	posSibType3-2
	OTDOA-UE-Based



Due to the already existing broadcast definition in LTE, the RRC impacts would be restricted to adding a new posSibType ENUMERATED to the SIB scheduling information. Broadcast of location assistance data by NG-RAN can be supported in the same way as for LTE [24].
Additional LPP impacts (and assuming NR OTDOA will be added to the LPP OTDOA method) are rather minor, and include:
-	The OTDOA-RequestAssistanceData needs to include the request for position calculation assistance data. 
-	The OTDOA-ProvideLocationInformation needs to include OTDOA-LocationInformation (for location reporting).
-	The otdoa-Mode in OTDOA-ProvideCapabilities need to define a bit for UE-based mode.
-	The OTDOA error causes may need to be updated to include UE-based specific error cases (e.g., there-were-not-enough-signals-received-for-ueBased). 
Observation 6:	The overall LPP impacts to support UE-based OTDOA as a delta to UE-assisted mode are rather minor.  
Observation 7:	Additional impacts for broadcast of assistance data for UE-based mode as a delta to UE-assisted mode are limited to the specification of a new posSIB type (assuming the LTE posSIB solution is reused for NR).  
For NRPPa [25], the required information for UE-based mode is essentially already supported and can be provided to the LMF, since this information is needed at the LMF also for UE-assisted mode. In particular, the "NG-RAN Access Point Position" and the "SFN Initialisation Time" (so far for E-UTRA only, since NR OTDOA is not yet defined) can be provided from a NG-RAN Node to the LMF in the "OTDOA Cell Information" IE carried inside a OTDOA INFORMATION RESPONSE message. The RTT measurements may be provided in the same NRPPa message or in a new message specifically for RTT positioning [1]. 
The NG-RAN Access Point Position is currently encoded according to the ellipsoid point with altitude and uncertainty ellipsoid defined in [26]. For high-accuracy positioning (e.g., for indoor positioning applications), the high-accuracy GAD shape defined in [26] may be used for the NG-RAN Access Point Position in NRPPa, which allows encoding of the latitude/longitde/altitude with finer granularity. However, this is independent of UE-based mode, and would also be required for UE-assisted mode.
Observation 8:	There are no additional NRPPa impacts to support UE-based mode (in addition to the information anyhow required for UE-assisted mode).  
Therefore, we can conclude on the system level aspects for UE based positioning:
Observation 9:	There are no technical obstacles for UE-based positioning, and UE-based positioning can be enabled with relatively small changes to the (RAN2) specifications.
Observation 8 together with Observation 1 results in the following proposal:
Proposal 1:	Specify support for DL-only UE based positioning.

4. 	Summary
In this contribution, we discussed the system level aspects of the UE-based positioning. The observations were as follows:

Observation 1:	UE-based mode has significant (and well known) advantages compared to UE-assisted mode not only for commercial services to UE and external clients, but also for improving regulatory services (e.g., E911).
Observation 2:	Provision of assistance data is fully under operator control and – in case of e.g. confidentiality concerns – can be restricted to particular environments or use cases. Specific deployment aspects are typically beyond the scope of 3GPP.
Observation 3:	Network information used for UE-based mode can be protected to a degree using both low cost and higher cost methods. For operators with high value or sensitive data which cannot be adequately and cost-effectively protected, UE-assisted mode can still be used.
Observation 4:	The system level aspects for UE-based positioning are well understood, given the available standards and previous investigations in 3GPP.
Observation 5:	Additional assistance data for UE-based OTDOA (in addition to UE-assisted mode) include:
- Cell (antenna) locations for the reference cell, and each neighbour cell;
- Real (or Relative) Time Differences (RTDs) (base station synchronization difference);
- Quality of RTDs;
- RTD drift rate;
- Round Trip Time (RTT) measurements.
Observation 6:	The overall LPP impacts to support UE-based OTDOA as a delta to UE-assisted mode are rather minor.  
Observation 7:	Additional impacts for broadcast of assistance data for UE-based mode as a delta to UE-assisted mode are limited to the specification of a new posSIB type (assuming the LTE posSIB solution is reused for NR).
Observation 8:	There are no additional NRPPa impacts to support UE-based mode (in addition to the information anyhow required for UE-assisted mode).  
Observation 9:	There are no technical obstacles for UE-based positioning, and UE-based positioning can be enabled with relatively small changes to the (RAN2) specifications.
The above observations led to the following proposal:
Proposal 1:	Specify support for DL-only UE based positioning.
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