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[bookmark: _Ref349588338]1. 	Introduction
NG-RAN support for location management functionality was recommended for normative work in [7], provided the concerns raised in the study phase are addressed (as described in subclause 9.3.1 in TR 38.855 [7]). These concerns were:
(a)	"security risk";
(b)	latency gains to cater new use cases.
As also mentioned in [7], any security aspects should be assessed by SA3.
In this contribution we discuss the benefits of local NR positioning in NG-RAN.
The feasibility and specification impacts were summarized in our contribution in [2].

2. 	Comparison of 5GC-LMF and RAN-LMC based Procedures
As described in [2] the MT-LR (for both, immediate and deferred locations requests), NI-LR and MO-LR location service procedures could also be supported with a RAN-LMC.  As summarized in Figure 1 below, either some entity in the 5GCN (e.g., GMLC or NEF) requests some location service for a target UE from the serving AMF (step 1a), or the UE requests some location service from the AMF (step 1b), or the AMF itself instigates some location service (e.g., for an emergency call) (step 1c). In all these cases, the serving AMF can select either a 5GC-LMF or a RAN-LMC to perfom the positioning operation (step 2 in Figure 1). The positioning procedures would then be executed either between the 5GC-LMF and UE/NG-RAN, or between RAN-LMC and UE/NG-RAN, as shown in Figure 1[footnoteRef:1]. Therefore, the main differences between LMF-based and LMC-based positioning for location services are at steps 3b and 4b in Figure 1.  [1:  Figure 1 shows determination of an immediate location or activation of deferred periodic or triggered location in a target UE. For deferred periodic or triggered location, there would be subsquent steps after step 5 to report each periodic or triggered location event. For each reported event, UE positioning would be supported using either a 5GC LMF or RAN LMC similarly to steps 3b and 4b in Figure 1 and as described in [2].] 

The UE positioning procedures at step 3b and 4b will typically comprise one or more of the following:
-	LPP Signalling [3]:
-	Capability Transfer (LPP Request/Provide Capabilities);
-	Assistance Data Transfer (LPP Request/Provide Assistance Data), possibly including periodic assistance data delivery;
-	Location Information Transfer (LPP Request/Provide Location Information), possibly including periodic location information transfer.
-	RRC Signalling [4]:
-	RRC Location Measurement Indication (and resulting RRC Reconfiguration);
-	RRC Measurement Configuration (for E-CID measurements).
-	NRPPa Signalling [5]:
-	NRPPa OTDOA Information Exchange;
-	NRPPa E-CID Measurement Initiation/E-CID Measurement Report.
The detailed positioning procedures for the new NR positioning methods (UTDOA, multi-cell RTT, AoD/AoA) haven’t been defined yet. However, as agreed by RAN2 [6] the LPP procedures summarized above will be reused for the NR positioning methods. For NRPPa, additional elementary procedures are needed to support:
-	UL PRS measurement configuration and reporting for gNBs (e.g., for UTDOA, AoA, and multi-cell RTT);
-	broadcast of assistance data;
-	on demand DL-PRS configuration for gNBs.
In the following sub-sections, we compare the positioning signalling for LMF and LMC based positioning.



Figure 1: Location Service Support using 5GC-LMF or RAN-LMC.

2.1	LPP Signalling
LPP is terminated between a target device and a positioning server. For a 5GC-LMF location server, the LPP messages are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols (NGAP over the NG-C interface, NAS/RRC over the Uu interface) as shown in Figure 2 below. Therefore, for a complete DL and UL LPP procedure, there are two major intermediate network elements involved (AMF and gNB), resulting in 6 major signalling hops[footnoteRef:2].  [2:  There may be additional intermediate entities such as IP routers and a Distributed Unit (DU) in a gNB which would add some extra delay. These would need to be considered in any precise determination of throughput capability and latency but can (we believe) be neglected for an approximate comparison.] 



Figure 2: LPP Signalling between LMF and UE.
For a RAN LMC, the LPP messages need to be transported between serving gNB and UE only, for the case where the serving gNB hosts the RAN LMC, resulting in 2 major signalling hops for a complete DL and UL transaction, as shown in Figure 3 below. 


Figure 3: LPP Signalling between LMC and UE.

Observation 1:	The number of major signalling interfaces for LPP signalling can drop from 3 with a 5GC LMF to 1 with a RAN LMC.
Observation 2:	For any LPP DL/UL transaction with a 5GC LMF 6 major signalling hops are required; whereas for a RAN LMC only 2 major signalling hops are needed.
Observation 3:	There are no AMF and NG-RAN backhaul resources consumed for LPP signalling with a RAN LMC.
[bookmark: _Hlk12413693]2.2		NRPPa Signalling
For a 5GC LMF, the NRPPa protocol carries information between an NG-RAN node and LMF and is transparent to the AMF. The AMF routes the NRPPa PDUs transparently based on a Routing ID corresponding to the involved LMF over NG-C interface without knowledge of the involved NRPPa transaction. The NRPPa PDUs over NG-C interface are carried either in UE associated mode or non-UE associated mode. 
Figure 4 below shows the non UE associated NRPPa PDU transport between an LMF and multiple gNBs. In Rel-15, the NRPPa PDUs may contain information to request and provide NG-RAN node related data (e.g., for OTDOA). For Rel‑16, the same PDU transport operations can be used for configuring on-demand DL-PRS on the selected gNBs, or to provide UL-PRS configuration to the selected gNBs, or to request and report UL-PRS measurements from the selected gNBs.
Therefore, for a complete DL and UL NRPPa procedure, there is one intermediate network element involved (AMF), resulting in 4×NgNB major signalling hops[footnoteRef:3], where NgNB is the number of gNBs selected for positioning the target UE.  [3:  The 4×NgNB major signalling hops are used in parallel so may not excessively increase latency. However, they would consume signalling resources (bandwidth and processing) in direct proportion to their number.] 



Figure 4: NRPPa Signalling between LMF and multiple gNBs.

For a RAN LMC, the NRPPa messages can be transported between the serving gNB (LMC) and neighbouring gNBs as described in [2], resulting in 2 major signalling hops for a complete DL and UL procedure, as shown in Figure 5 below. 
Therefore, for a complete DL and UL NRPPa procedure, there are no intermediate network elements involved, resulting in (2×NgNB) – 2  major signalling hops, where NgNB is the number of gNBs selected for positioning the target UE. It is futher noted that the gNB to gNB signalling hops used for a RAN LMC are likely to be much shorter and of higher bandwidth (e.g. using a LAN) than the signalling hops used for a 5GC LMF. This would further reduce latency for a RAN-LMC and support a larger amount of NRPPa message exchange.


Figure 5: NRPPa Signalling between LMC and multiple gNBs.

Observation 4:	The number of major signalling interfaces for NRPPa signalling can drop from 2 with a 5GC LMF to 1 with a RAN LMC.
Observation 5:	For any NRPPa DL/UL transaction with a 5GC LMF and NgNB  gNBs, (4×NgNB) major signalling hops are required; whereas for a RAN LMC only [(2×NgNB) – 2] major signalling hops are needed.
Observation 6:	Signalling hops used for a RAN LMC should have lower latency and higher bandwidth than signalling hops used for a 5GC LMF.
Observation 7:	There are no AMF and NG-RAN backhaul resources consumed for NRPPa signalling with a RAN LMC.

2.3	Example Positioning Procedure
A combination of the LPP and NRPPa positioning procedures (probably together with RRC procedures) are typically used to position a target UE.  Figure 6 below shows a possible example of UL and DL positioning, which may be used for multi-cell RTT positioning with a 5GC LMF.  A subset of the procedures may be used for DL-only (e.g., OTDOA) or UL-only (e.g., UTDOA) positioning. Although, the final details and arrangements of the individual signalling steps may be different to what is shown in Figure 6 (since the details have not yet been defined by e.g. RAN2 and RAN3), the general functionality required for positioning comprise:
-	capability transfer between LMF and target UE;
-	determining UL-PRS (SRS) resources and configuring the gNBs/TRPs for performing UL-PRS measurements;
-	determining DL-PRS resources and providing this information to gNBs/TRPs for transmission of required DL‑PRS;
-	providing assistance data and sending location requests from the LMF to the target UE;
-	sending location measurement reports from the target UE to the location server; and
-	sending location measurement reports from the gNBs to the location server.

Figure 6: UL/DL measurement procedure using 5GC LMF.
	
	
	Number of Major Signalling Hops for Each Step:

	1.
	The AMF requests the location of a target device (e.g., for an NI-LR or 5GC MO-LR/MT-LR).
	1

	2.
	The LMF may request the positioning capabilities of the target device using the LPP Capability Transfer procedure.
	6

	3.
	The LMF sends a NRPPa UL PRS Request message to the serving gNB to request UL PRS configuration. The request may include any desired UL PRS configuration (i.e., SRS required to fulfill the QoS) and a time interval for how long this UL PRS configuration is needed.
The serving gNB determines the resources available for UL PRS and provides the UL PRS configuration to the LMF in a NRPPa UL PRS Response message.
	4

	4.
	The gNB configures the target UE with the UL PRS resources determined at step 3.
	NOTE: 	This step may be included in step 7 or 8 below, in which case this step is not 					needed.
	2

	5.
	The LMF may determine the gNBs nearby the approximate location (e.g. given by the serving cell) of the target device. If there are no or not sufficient DL PRS resources configured on these gNBs, the LMF may initiate a NRPPa procedure to configure (or reconfigure) the DL-PRS on the gNBs.
The gNBs confirm that the requested DL-PRS configuration is configured on the selected gNBs. If the requested DL-PRS configuration is currently not possible, the gNBs may provide an error message, or may provide a list of alternative configurations, or may configure an alternative configuration and inform the LMF about this.
	2 × NgNB

	
	
	2 × NgNB

	6.
	The LMF provides the UL PRS configuration from step 3 to the selected gNBs in a NRPPa UL PRS Measurement Request message. The message includes all information required to enable the gNBs to perform the UL measurements. The message may also include a start time when each gNB should expect the UL transmissions from the target device, and a search window for the UL (e.g., RTOA or Rx-Tx) measurements.
Each gNB confirms the request to the LMF or provides a failure message if the measurement request can currently not be accepted. 
	2 × NgNB

	
	
	2 × NgNB

	7.
	The LMF sends a LPP Provide Assistance Data message to the target device. The message includes any required assistance data for the target device to perform the necessary DL PRS measurements (e.g., cell-IDs, DL-PRS configuration, measurement search window, etc.) as well as any information necessary to transmit UL PRS (e.g., UL PRS configuration).
	NOTE:		Alternatively, the UL PRS configuration may be provided in the LPP Request 					Location Information message at step 8, or at step 4 above. 
	3

	8.
	The LMF sends a LPP Request Location Information message to request DL PRS measurements as well as a request to transmit UL PRS according to the UL PRS configuration received in the assistance data (or included in this message) (if step 4 is not performed). The target device begins the UL PRS transmission at the indicated start time and for the provided duration.
	3

	9.
	The target device performs the DL-PRS measurements from all gNBs provided in the assistance data at step 7. 
Each gNB configured at step 6 measures the UL PRS transmissions from the target device.
	

	10.
	The target device reports the DL PRS measurements to the LMF in a LPP Provide Location Information message. The message may also include an indication of successful completion of the UL PRS transmission.
	3

	11.
	Each gNB reports the UL PRS measurements to the LMF in a NRPPa UL PRS Measurement Response message.
	2 × NgNB

	12.
	The LMF determines the RTTs for each gNB for which corresponding UL and DL measurements were provided at steps 10 and 11, calculates the position of the target device, and provides the location estimate to the AMF in a Location Response message. 
	1

	
	Total:
	23 + (10 × NgNB)




Observation 8:	For a typical combined UL+DL positioning procedure with 16 gNBs, about 183 major signalling hops would be required in case of a 5GC LMF.

For DL-only positioning (e.g., OTDOA), the steps 3, 4, 6, 11 in Figure 6 would not be needed. Therefore:

Observation 9:	For a typical DL-only positioning procedure with 16 gNBs, about 81 major signalling hops would be required in case of a 5GC LMF.

For UL-only positioning (e.g., UTDOA), the steps 5, 7, 8 and 10 in Figure 6 would not be needed. Therefore:

Observation 10:	For a typical UL-only positioning procedure with 16 gNBs, about 110 major signalling hops would be required in case of a 5GC LMF.

The 5GC LMF procedures shown in Figure 6 above would be required for each UE in the network requesting location services. Therefore, the signalling requirements increase linearly with the number of UEs a LMF/AMF has to serve. 

Observation 11:	There are significant backhaul/AMF resources consumed for positioning with a 5GC LMF.

Figure 7 below shows the same example procedure but with a RAN LMC in the serving gNB. 

Figure 7: UL/DL measurement procedure using RAN LMC.

	
	
	Number of Major Signalling Hops for Each Step:

	1.
	The AMF requests the location of a target device (e.g., for an NI-LR or MO-LR/MT-LR) from the RAN LMC in a NGAP container as shown in Figure 1.
	1

	2.
	The serving gNB/LMC may request the positioning capabilities of the target device using the LPP Capability Transfer procedure. The LPP PDUs are transported in RRC UL/DL Transfer messages as shown in Figure 3.
	2

	3.
	The serving gNB determines the resources available for UL PRS.
	0

	4.
	The gNB configures the target UE with the UL PRS resources determined at step 3.
	NOTE: 	This step may be included in step 7 or 8 below, in which case this step is not 					needed.
	2

	5.
	The serving gNB/LMC may determine the gNBs nearby the approximate location (e.g. given by the serving cell) of the target device. If there are no or not sufficient DL PRS resources configured on these gNBs, the LMC may initiate a NRPPa procedure to configure (or reconfigure) the DL-PRS on the gNBs. The NRPPa PDUs are transported in XnAP UL/DL Transfer messages as shown in Figure 5.
The gNBs confirm that the requested DL-PRS configuration is configured on the selected gNBs. If the requested DL-PRS configuration is currently not possible, the gNBs may provide an error message, or may provide a list of alternative configurations, or may configure an alternative configuration and informs the serving gNB/LMC about this.
	NgNB  - 1

	
	
	NgNB  - 1

	6.
	The serving gNB/LMC provides the UL PRS configuration from step 3 to the selected gNBs in a NRPPa UL PRS Measurement Request message. The message includes all information required to enable the gNBs to perform the UL measurements. The message may also include a start time when each gNB should expect the UL transmissions from the target device, and a search window for the UL (e.g., RTOA or Rx-Tx) measurements. The NRPPa PDUs are transported in XnAP UL/DL Transfer messages as shown in Figure 5.
Each gNB confirms the request to the serving gNB/LMC or provides a failure message if the measurement request can currently not be accepted. 
	NgNB  - 1

	
	
	NgNB  - 1

	7.
	The serving gNB/LMC sends a LPP Provide Assistance Data message to the target device. The message includes any required assistance data for the target device to perform the necessary DL PRS measurements (e.g., cell-IDs, DL-PRS configuration, measurement search window, etc.) as well as any information necessary to transmit UL PRS (e.g., UL PRS configuration). The LPP PDUs are transported in RRC UL/DL Transfer messages as shown in Figure 3.
	NOTE:		Alternatively, the UL PRS configuration may be provided in the LPP Request 					Location Information message at step 8, or at step 4 above. 
	1

	8.
	The serving gNB/LMC sends a LPP Request Location Information message to request DL PRS measurements as well as a request to transmit UL PRS according to the UL PRS configuration received in the assistance data (or included in this message) (if step 4 is not performed). The target device begins the UL PRS transmission at the indicated start time and for the provided duration. The LPP PDUs are transported in RRC UL/DL Transfer messages as shown in Figure 3.
	1

	9.
	The target device performs the DL-PRS measurements from all gNBs provided in the assistance data at step 7. 
Each gNB configured at step 6 measures the UL PRS transmissions from the target device.
	

	10.
	The target device reports the DL PRS measurements to the serving  gNB/LMC in a LPP Provide Location Information message. The message may also include an indication of successful completion of the UL PRS transmission. The LPP PDUs are transported in RRC UL/DL Transfer messages as shown in Figure 3.
	1

	11.
	Each gNB reports the UL PRS measurements to the serving gNB/LMC in a NRPPa UL PRS Measurement Response message. The NRPPa PDUs are transported in XnAP UL/DL Transfer messages as shown in Figure 5.
	NgNB  - 1

	12.
	The serving gNB/LMC determines the RTTs for each gNB for which corresponding UL and DL measurements were provided at steps 10 and 11, calculates the position of the target device, and provides the location estimate to the AMF in a Location Response message. 
	1

	
	Total:
	9 + 5×(NgNB  - 1)




Observation 12:	For a typical combined UL+DL positioning procedure with 16 gNBs, about 84 major signalling hops would be required in case of a RAN LMC.

For DL-only positioning (e.g., OTDOA), the steps 3, 4, 6, 11 in Figure 7 would not be needed. Therefore:

Observation 13:	For a typical DL-only positioning procedure with 16 gNBs, about 37 major signalling hops would be required in case of a RAN LMC.

For UL-only positioning (e.g., UTDOA), the steps 5, 7, 8 and 10 in Figure 7 would not be needed. Therefore:

Observation 14:	For a typical UL-only positioning procedure with 16 gNBs, about 51 major signalling hops would be required in case of a RAN LMC.

Observation 15	There are no backhaul/AMF resources consumed for positioning with a RAN LMC.


The number of major signalling hops required for typical positioning procedures are summarized in the following Table.
	
	Signalling with 5GC LMF
	Signalling with RAN LMC
	Signalling Reduction with RAN LMC

	DL+UL Positioning
	183
	84
	54%

	DL-only Positioning
	81
	37
	54%

	UL-only Positioning
	110
	51
	54%



Assuming each hop requires approximately the same time T, the signalling latency with a RAN-LMC can be reduced by more than 50% compared to a 5GC LMF. This is actually a significant under-estimate of the possible reduction in signalling latency because, as stated for Observation 6, signalling hops used for a RAN LMC should have lower latency than signalling hops used for a 5GC LMF. As an example, if a typical RAN LMC signalling hop has 1 Gbps signalling bandwidth and is of length 2 kilometers compared to 100 Mbps signalling bandwidth and 50 kilometers for a 5GC LMF signalling hop, then for a message of size 100 octets, the minimum latency for a RAN LMC hop would be 7.5 µs compared to 175.5 µs for a 5GC LMF hop. 

Observation 16: A RAN LMC can reduce the positioning signalling by more than 50% compared to a 5GC LMF.
Observation 17: The reduction in latency for RAN LMC signalling compared to 5GC LMF signalling will generally be much more than 50%.
Observation 18:	The signalling reduction and the avoidance of backhaul/AMF resources for a RAN‑LMC results in reduced network cost or (equivalently) a capability to support more positioning for the same network cost.

3. 	Additional Benefits of RAN-LMC based Positioning
3.1	Radio Awareness
For RAT-dependent positioning methods, access to RAN related data is required. With a central location server in the core network, such information can be requested by the server from the RAN using the NRPPa procedures. For example, a location server can request OTDOA Cell Information from a RAN node [5]. However, compared to LTE, the location server for NR positioning does not only collect radio related information from the RAN, it also has to provide such information to the RAN, as already mentioned in the procedure examples in section 2 above. For example:
DL-PRS configuration and coordination. The LTE DL PRS signal is usually an "always-on" cell-specific broadcast signal. I.e., once configured in a network deployment the PRS configuration changes rather seldom (if at all). NR in general has a lean design that minimizes always-on transmissions to enhance network energy efficiency and ensure better forward compatibility. Therefore, the DL-PRS can be configured "on-demand" (also UE-specific). For example, the LMF needs to select a DL-PRS configuration for the gNBs which can fulfil the requirements from the LCS client or AF on e.g. accuracy and response time and has to provide this information to the RAN. This may include selection of PRS bandwidth, time duration and periodicity, and spatial characteristics (e.g., selecting proper PRS TX beams based on mobile location information), etc. 
UL-PRS configuration and coordination. Similar to the DL-PRS configuration above, the location server needs to determine a suitable UL-PRS (SRS) configuration to meet the service requirements from the LCS client (accuracy, response time, etc.). For uplink positioning (UTDOA) in LTE, procedures were defined to allow the server to request the UL-PRS (i.e., SRS) configuration, which the server in turn provides to the selected LMUs (similar/same to steps 3, 4, 6 in Figure 6 above). However, compared to LTE, the serving gNB cannot determine the complete UL-PRS configuration. For example, RAN1 agreed that the SRS pathloss reference for SRS power control (included in the SRS configuration [4]) can be based on a neighbour cell selected for positioning [6]. However, positioning gNBs are selected by the location server (in this case the LMF in the core network) in order to fulfill the required QoS. Therefore, at least part of the UL-PRS (SRS) configuration need to be determined by an LMF (in the core network in this case). 
UL+DL-PRS beam coordination. In Rel-15, each SRS resource can have a spatial relation with a DL reference signal (SSB index or CSI-RS index), or with a SRS resource [4]. The UE then transmits the target SRS resource with the same spatial domain transmission filter as used for the reception of the reference SSB or CSI-RS; or with the same spatial domain transmission filter used for the transmission of the reference SRS. In essence, such a spatial relation means that the UE transmits the UL-PRS using the same beam as it used for receiving the corresponding downlink signal. However, for positioning, the target UL-PRS (SRS) can have a spatial relation with a DL reference signal from neighbouring cells [6].  Since the neighbour cells for positioning must be selected by an LMF (e.g. based on a-priori UE location information and desired QoS, etc.), the spatial relation information for the UL-PRS need to be determined by an LMF. Therefore, similar as above, at least part of the UL-PRS (SRS) configuration is determined by an LMF (in the core network in this case).
These examples show that extensive NRPPa based interaction between a 5GC LMF and NG-RAN elements would be unavoidable for high accuracy positioning using NR. As shown in section 2 above, this interaction can be supported for a 5GC LMF, however, less efficiently than for a RAN LMC. This further implies a similar difference in efficiency for other types of interaction which could be added later such as location assistance for a large number of UEs for, e.g. V2X or CIoT.

Observation 19:	For NR RAT-dependent positioning, the location server requires more interaction with NG-RAN elements to support "radio awareness" and "radio control" compared to e.g. LTE, and therefore, NR positioning can naturally better be supported by a RAN LMC.   

3.2	Scalability
The location server manages the support of different location services for target UEs, including positioning of UEs and delivery of assistance data to UEs. For commercial use cases, the number of UEs for which location services are needed may be huge (e.g., IoT, vehicular use cases, etc.).
A centralized location server (possibly one or two per AMF shared over a large number of gNBs) is less suited for supporting a large number of UEs/location requests (e.g., for IoT applications). In that case, a distributed location server functionality (potentially in every gNB) would be better suited.  An LMC in the RAN can serve UEs in a single gNB coverage area. A distributed location server functionality can also provide better fault tolerance and redundancy. E.g. in case of a serving LMC failure, a LMC in a neighbour gNB can be selected.

Observation 20:	A distributed location server functionality (i.e. LMC in the RAN) would better scale in case of a large number of UEs need to be supported (e.g., IoT use cases).  


4. 	Summary
In this contribution we discussed the benefits of local NR positioning in NG-RAN. The feasibility and specification impacts are summarized in our companion contribution [2]. The following observations have been made:
Observation 1:	The number of major signalling interfaces for LPP signalling can drop from 3 with a 5GC LMF to 1 with a RAN LMC.
Observation 2:	For any LPP DL/UL transaction with a 5GC LMF 6 major signalling hops are required; whereas for a RAN LMC only 2 major signalling hops are needed.
Observation 3:	There are no AMF and NG-RAN backhaul resources consumed for LPP signalling with a RAN LMC.
Observation 4:	The number of major signalling interfaces for NRPPa signalling can drop from 2 with a 5GC LMF to 1 with a RAN LMC.
Observation 5:	For any NRPPa DL/UL transaction with a 5GC LMF and NgNB  gNBs, (4×NgNB) major signalling hops are required; whereas for a RAN LMC only [(2×NgNB) – 2] major signalling hops are needed.
Observation 6:	Signalling hops used for a RAN LMC should have lower latency and higher bandwidth than signalling hops used for a 5GC LMF.
Observation 7:	There are no AMF and NG-RAN backhaul resources consumed for NRPPa signalling with a RAN LMC.
Observation 8:	For a typical combined UL+DL positioning procedure with 16 gNBs, about 183 major signalling hops would be required in case of a 5GC LMF.
Observation 9:	For a typical DL-only positioning procedure with 16 gNBs, about 81 major signalling hops would be required in case of a 5GC LMF.
Observation 10:	For a typical UL-only positioning procedure with 16 gNBs, about 110 major signalling hops would be required in case of a 5GC LMF.
Observation 11:	There are significant backhaul/AMF resources consumed for positioning with a 5GC LMF.
Observation 12:	For a typical combined UL+DL positioning procedure with 16 gNBs, about 84 major signalling hops would be required in case of a RAN LMC.
Observation 13:	For a typical DL-only positioning procedure with 16 gNBs, about 37 major signalling hops would be required in case of a RAN LMC.
Observation 14:	For a typical UL-only positioning procedure with 16 gNBs, about 51 major signalling hops would be required in case of a RAN LMC.
Observation 15	There are no backhaul/AMF resources consumed for positioning with a RAN LMC.
Observation 16: A RAN LMC can reduce the positioning signalling by more than 50% compared to a 5GC LMF.
Observation 17: The reduction in latency for RAN LMC signalling compared to 5GC LMF signalling will generally be much more than 50%.
Observation 18:	The signalling reduction and the avoidance of backhaul/AMF resources for a RAN‑LMC results in reduced network cost or (equivalently) a capability to support more positioning for the same network cost.
Observation 19:	For NR RAT-dependent positioning, the location server requires more interaction with NG-RAN elements to support "radio awareness" and "radio control" compared to e.g. LTE, and therefore, NR positioning can naturally better be supported by a RAN LMC.   
Observation 20:	A distributed location server functionality (i.e. LMC in the RAN) would better scale in case of a large number of UEs need to be supported (e.g., IoT use cases).  
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