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According to the work item objectives [1], signalling and procedures for the following NR positioning techniques need to be supported:
-	DL-based positioning:
-	DL Time Difference of Arrival (DL-TDOA);
-	DL Angle of Departure (DL-AoD).
-	UL-based positioning:
- 	UL Time Difference of Arrival (UL-TDOA);
-	UL Angle of Arrival (UL-AoA).
-	Combined DL and UL based positioning:
-	Round-trip time (RTT) with one or more neighbouring gNBs/TRPs (multi-RTT).
-	Enhanced Cell-ID (E-CID).
To support the above positioning techniques, the following measurements are being defined by RAN1 [1]:
-	UE measurements (for serving, reference, and neighbouring TRPs):
-	DL RSTD (reference signal time difference) measurements.
-	DL RSRP (reference signal received power) measurements. 
-	UE RX-TX time difference measurements.
- 	gNB measurements:
-	UL RTOA (relative time of arrival) measurements. 
-	UL Angle of Arrival (AoA) measurements.
-	UL RSRP (reference signal received power) measurements.
-	gNB RX-TX time difference measurement.
RAN1 discussed the mapping of positioning techniques to reference signals and measurements and provided the following Tables to RAN2 in [2]:
	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


 
	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT



In this contribution, we discuss the additional NR positioning methods for Rel-16 and propose the NG-RAN positioning procedures applicable for combined DL and UL based positioning methods (i.e., multi-RTT). This general procedure also supports downlink-only (e.g., DL-TDOA (OTDOA)) and uplink-only (e.g., UL-TDOA (UTDOA)) positioning using subsets of the proposed procedure.
A draft LPP skeleton is also proposed as a starting point for a running CR on NR positioning support. 

2. 	Standard UE Positioning Methods
The standard positioning methods supported for NG-RAN access in Release 15 are summarized in Table 4.3.1-1 of TS 38.305 [3] which is repeated below:
Table 1: Supported UE positioning methods in NR Release 15.
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	OTDOA Note1, Note 2
	No
	Yes
	No
	Yes (UE-assisted)

	E-CID Note 3, Note 4 
	No
	Yes
	Yes
	Yes for E-UTRA (UE-assisted)

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	NOTE 1:	This includes TBS positioning based on PRS signals.
NOTE 2:	In this version of the specification only OTDOA based on LTE signals is supported.
NOTE 3:	In this version of the specification only E-CID based on LTE signals is supported.
NOTE 4:	This includes Cell-ID for NR method.
NOTE 5:	In this version of the specification only for TBS positioning based on MBS signals. 



In Rel-15, the OTDOA positioning method makes use of the measured timing of downlink signals received from multiple TPs, comprising eNBs, ng-eNBs and PRS-only TPs, at the UE [3]. This could be extended in Rel-16 to support measured timing of downlink signals received from gNBs. However, at Stage 3 level (LPP [4]) there is little or no overlap between LTE and NR modes of OTDOA, e.g. there seems to be no existing parameter which could be shared between NR and LTE versions of OTDOA. Adding NR specific IEs to the existing OTDOA Request/Provide Assistance Data, Request/Provide Location Information and Request/Provide Capabilities in LPP would result in additional ASN.1 overhead and complexity. For example, UEs which support OTDOA for NR only but not for LTE (or vice versa) would have to support all the ASN.1. It appears to be more efficient and less complex to add the NR version for OTDOA one level higher in the LPP ASN.1 structure as an additional positioning method. Note, this does not preclude hybrid LTE+NR OTDOA (or any other hybrid variant) since hybrid positioning is supported in LPP per design (e.g., the LPP message body IEs are defined as SEQUENCE). Therefore, the Rel-16 DL-TDOA technique listed in section 1 above should be supported as an additional OTDOA for NR positioning method.
Enhanced Cell ID (E‑CID) positioning refers to techniques which use UE and/or NG-RAN radio resource and other measurements to obtain the UE location estimate. E-CID in NR Release 15 supports measurements on LTE signals only (e.g., RSRP, RSRQ), as well as inter-RAT measurements (e.g., GERAN, UTRAN, WLAN measurements). The measurements for NR signals (e.g., SS-RSRP, SS-RSRQ for NR as summarized in the Tables in section 1 above) could be added to the E-CID method in Rel-16. Compared to OTDOA extension as discussed above, LPP extensions for E-CID to support NR measurements should not create much additional ASN.1 overhead since e.g. no assistance data are required. 
DL Angle of Departure (DL-AoD in section 1 above) is not supported in Rel-15, and therefore, requires a definition in Rel-16. DL-AoD is based on UE DL-PRS RSRP (reference signal received power) measurements, and therefore, would require DL-PRS assistance data.  
UL Time Difference of Arrival positioning (UL-TDOA in section 1 above) is based on UL RTOA (relative time of arrival) measurements performed at gNBs using UL-PRS (SRS) transmissions from the target UE. UL-TDOA is supported in LTE as UTDOA positioning, but not in NR Rel-15. Therefore, a new positioning method would have to be defined in NR Rel-16 to support UL RTOA measurements.
UL Angle of Arrival (UL-AoA in section 1 above) is based on gNB angle measurements using UL-PRS (SRS) signals transmitted by the target UE, and therefore, is similar to UTDOA. Since no equivalent positioning method exists in NR Rel-15, UTDOA and UL-AoA could be combined into a single "Uplink Positioning Method" which supports RTOA and UL-AoA (angle) measurements. Note, UTDOA in LTE is also simply referred to as "Uplink" in Table 4.3-1 of TS 36.305 [5].
Multi-RTT is based on UE and gNB Rx-Tx Time Difference Measurements for serving and neighbouring TRPs (see also section 3 below). This requires the UE to measure the DL-PRS signals and the TRPs to measure the UL-PRS (SRS) transmission from the UE. Therefore, multi-RTT can be considered as a combination of DL positioning (OTDOA, DL-AoD) and UL positioning (UTDOA, UL-AOA) (but with different measurement types) (see also section 4 below).
Based on the above discussion, Table 1 above could be extended for Release 16 as follows:
 Table 2: Supported UE positioning methods in NR Release 16.
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	LTE-OTDOANote1
	No
	Yes
	No
	Yes (UE-assisted)

	E-CIDNote 2
	No
	Yes
	Yes
	Yes for E-UTRA (UE-assisted)

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 3
	Yes
	Yes
	No
	Yes (MBS)

	NR-OTDOANote1
	Yes
	Yes
	No
	FFS

	Multi-RTT
	No
	Yes
	Yes
	FFS

	DL-AoD
	Yes
	Yes
	No
	FFS

	Uplink PositioningNote 4
	No
	No
	Yes
	FFS

	NOTE 1:	This includes TBS positioning based on PRS signals.
NOTE 2: 	This includes 	E-CID based on LTE and NR signals (FFS).
NOTE 3:	In this version of the specification only for TBS positioning based on MBS signals. 
NOTE 4: 	This includes UTDOA and UL-AoA. 



Therefore, it is proposed
Proposal 1: 	Add the following positioning methods to NR Rel-16:
			-	NR-OTDOA positioning,
			-	Multi-RTT positioning,
			-	DL-AoD positioning,
					-	Uplink positioning. 
Proposal 2:	RAN2 to discuss further whether NR E-CID should be a separate method or combined with Rel-15 E‑CID. 

3. 	Multi-RTT Positioning
OTDOA and UTDOA positioning methods are based on time-of-arrival (TOA) measurements performed on downlink signals or uplink signals, respectively. Although these methods have been shown to be effective, they have a serious problem in installing and maintaining hardware for very precise BS time synchronization. 
Round-Trip-Time (RTT) positioning uses two-way time-of-arrival measurements and requires in principle no time synchronization between BSs. However, a coarse BS time synchronization is desired in order to reduce interference and increase hearability from multiple transmission points. This time synchronization requirement is similar to the TDD synchronization requirements (e.g., micro-seconds level synchronization instead of nano-seconds as in case of OTDOA/UTDOA). 
RTT measurements are already supported in LTE but for a serving eNB only (Tadv Type 1 and Type 2 measurements [5], [6]). 
Figure 1 illustrates the principle of obtaining distance information from two-way time-of-arrival measurements (UL and DL measurements). Precise timing (TOA) measurements are required, similar to OTDOA/UTDOA location. RTT ranging measurements also rely on being able to compensate for any delays that the UE/TRP may add in receiving and transmitting a signal. However, multiple TRPs do not need to be precisely synchronized as in e.g., OTDOA/UTDOA location. The position of a device can then be determined based on distance (RTT) measurements to multiple base stations, as illustrated in Figure 2.
[image: ]
Figure 1: Principle of determining distance between two devices using UL and DL measurements.
[image: ]
Figure 2: Principle of multilateration in two dimensions from three base stations.
The measurements to support multi-RTT are the UE Rx-Tx Time Difference and gNB Rx-Tx Time Difference Measurement listed in section 1 above. In the example of Figure 1 above, the UE Rx-Tx Time Difference corresponds to (t3-t0) and the gNB Rx-Tx Time Difference corresponds to (t1-t2), and therefore, the RTT would be UE Rx-Tx Time Difference + gNB Rx-Tx Time Difference, similar to LTE.


An example timing diagram with two gNBs is illustrated in Figure 3 below. The upper part of Figure 3 shows the uplink-downlink timing relation for a serving gNB1. According to TS 38.211 [7] clause 4.3.1 an uplink frame i for transmission from the UE starts before the start of the corresponding downlink frame at the UE, where NTA corresponds to the Timing Advance between downlink and uplink and Tc is the basic time unit for NR [7].  is a constant as defined in TS 38.133 Table 7.1.2-2 [8]. The NTA is typically determined such that the UL transmissions from the UEs in a cell are aligned. Therefore, the UE Rx-Tx Time Difference (Rx1 – Tx) ideally corresponds to twice the propagation delay 1 and the gNB Rx-Tx Time Difference would be zero in the example of Figure 3.  The same UE uplink frame i arrives at a neighbour gNB2 the propagation delay 2 later.  gNB2 may have a synchronization offset  relative to the serving gNB1 and records the TOA of the UE uplink frame i RX2. The RTTs for gNB1 and gNB2 in this example could then be determined as:
RTT1 = (UE Rx1 – Tx) + (gNB Rx1 – Tx1)
RTT2 = (UE Rx2 – Tx) + (gNB Rx2 – Tx2).
[image: ]
Figure 3: Exemplary uplink-downlink timing relation for two gNBs.


[bookmark: _Hlk528742996]4. 	Combined Downlink and Uplink Positioning Procedures
As summarized in section 3 above, Multi-RTT positioning requires UE DL measurements from multiple TRPs, and UE UL PRS transmission for UL measurements at multiple TRPs. Figure 4 below shows the procedures required to support combined DL and UL positioning measurements for Multi-RTT positioning. As will be seen from the discussion below, DL-only and UL-only positioning can be supported using a subset of these procedures.
The positioning procedures described in the following are based on the current positioning architecture where positioning procedures are controlled and instigated by the LMF in the 5GC [9].  
NOTE 1:	The overall procedure below shows the main functionality required, but not necessarily all signalling steps/possibilities. For example, a request for DL-PRS or UL-PRS measurements may have a specific response message indicating e.g. success or failure, etc. 
NOTE 2:	Additional NRPPa procedures (not shown in the Figure below) are needed to provide NG-RAN configuration information to the LMF; e.g., timing information (e.g. SFN initialization time), beam information (azimuth, elevation) of various RSs/SSBs, etc.



Figure 4: UL/DL measurement procedure.
1.	The AMF requests the location of a target device (e.g., for an NI-LR or 5GC MO-LR/MT-LR).
2.	The LMF may request the positioning capabilities of the target device using the LPP Capability Transfer procedure. 
3.	The LMF sends a NRPPa UL PRS Request message to the serving gNB to request UL PRS configuration information for the target device. The request may include any desired UL PRS configuration (i.e., UL-PRS required to fulfill the QoS), desired periodicity, duration, etc. 
4.	The serving gNB determines the resources available for UL PRS. 
5.	The serving gNB provides the UL PRS configuration information to the LMF in a NRPPa UL PRS Response message.
6.	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. This NRPPa procedure may be a command to switch to a pre-configured DL-PRS configuration, or may include a desired index to a list of pre-configured DL-PRS configurations, or may include a list of parameters for the DL-PRS configuration, etc. 
7.	The LMF determines the UL-PRS configuration using the information received at Step 5 and provides the UL‑PRS configuration to the selected gNBs in a NRPPa UL PRS Measurement Request message. The message includes all information required to enable the gNBs/TRPs 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 measurements (e.g., RTOA or Rx-Tx). 
8.	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., TRP-IDs, DL-PRS configuration, measurement search window, etc.) and any information necessary to transmit UL PRS (UL PRS configuration determined at Step 7a).
9.	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 provided in the assistance data. The target device begins the UL PRS transmission according to the time domain behavior of UL-PRS resource configuration. 
NOTE:	Whether the target device can continue the UL PRS transmission during/after a handover is FFS.
10a.The target device performs the DL-PRS measurements from all gNBs provided in the assistance data at step 8. 
10b.Each gNB configured at step 7b measures the UL PRS transmissions from the target device. 
11. 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.
12.	Each gNB reports the UL PRS measurements to the LMF in a NRPPa UL PRS Measurement Response message.
13. The LMF determines the RTTs for each gNB for which corresponding UL and DL measurements were provided at steps 11 and 12, calculates the position of the target device, and provides the location estimate to the AMF in a Location Response message. 

4.1	DL-only (DL-AoD, OTDOA) or UL-only (UTDOA, UL-AoA) measurement procedures
From the description above, it can be seen that DL-only (OTDOA, DL-AoD) or UL-only (UTDOA, UL-AoA) positioning can be supported as subsets of the UL/DL measurement procedure shown in Figure 4:
(a)	DL-only positioning: Steps 3, 4, 5, 7, 10b, 12 would not be performed.
(b) UL-only positioning: Steps 6, 10a would not be performed.
For downlink E-CID positioning, steps 3-8 and 10,12 would not be needed.
Therefore, the general procedure introduced in Figure 4 above supports DL, UL, and DL+UL based NR positioning methods using LPP and NRPPa procedures. Only the measurements made/reported would necessarily be different for the various methods, as summarized in the Tables in section 1 above.

Observation 1:	DL-only (OTDOA, DL-AoD) and UL-only (UTDOA, UL-AoA) positioning procedures can be supported as subsets of a Multi-RTT positioning procedure. 
Observation 2:	The NR positioning methods can be supported using existing LPP procedures (Request/Provide Capabilities, Request/Provide Assistance Data, Request/Provide Location Information). New NRPPa procedures would be required for
-	providing DL- and UL-PRS configuration information from an LMF to selected TRPs;
-	requesting UL positioning measurements from TRPs by an LMF, and
- 	reporting UL positioning measurements by TRPs to an LMF.
In addition, new NRPPa procedures would be required to provide TRP configuration information to an LMF; e.g., timing information, beam information, etc.

Therefore, it is proposed
Proposal 3:	Add the additional NR positioning methods from Proposal 1 and 2 and associated signalling content to LPP:
-	NR-OTDOA positioning,
			-	Multi-RTT positioning,
			-	DL-AoD positioning,
-	Uplink positioning,
-	NR E-CID positioning (FFS whether as extension to Rel-15 E-CID positioning method or as a new positioning method).

4.2	UL-PRS (SRS) configuration for the target device
Similar to the Rel-15 SRS, the SRS for positioning (referred to as UL-PRS) can be configured for periodic, semi‑persistent, or aperiodic transmissions as agreed by RAN1 [10],[11]. For the Rel-15 SRS this means:
-	A periodic SRS is transmitted with a certain configured periodicity and a certain configured slot offset within that periodicity;
-	A semi-persistent SRS has a configured periodicity and slot offset in the same way as a periodic SRS. However, actual SRS transmission according to the configured periodicity and slot offset is activated and deactivated by means of MAC CE signalling;
-	An aperiodic SRS is only transmitted when explicitly triggered by means of L1 DCI.
The Rel-15 SRS configuration is provided to the UE using the RRC IE SRS‑Config, which may be included in the uplink BWP configuration [12]. A target UE can be configured with multiple SRS resource sets that can be used for different purposes (parameter usage in the RRC IE SRS‑Config [12]). Therefore, the UL-PRS for Rel-16 may make use of the RRC IE SRS‑Config; e.g. by defining a new "positioning usage" parameter and using the Rel-15 SRS activation/deactivation/trigger mechanism. However, this seems less practical:
(a)	Not all parameters required for the "positioning SRS" can be determined by the serving gNB (e.g. at step 4 in Figure 4). 
-	Pathloss Reference. The Rel-15 SRS configuration can include a pathloss reference (SSB index or CSI-RS index) [12] to be used for SRS pathloss estimation. The DL pathloss estimate obtained by the UE based on the configured reference signal (SSB or CSI-RS) controls the SRS transmit power [13]. For the UL-PRS transmit power control, the UE can be instructed to use neighbour cells for pathloss estimation [10],[11]. The DL reference signal which can be used as pathloss reference can be at least an SSB, and in case of multi-RTT also a DL-PRS (use of CSI-RS as pathloss reference is currently FFS) [11]. However, the neighbour cells for positioning are selected by an LMF (e.g. based on a-priori UE location information and desired QoS, etc.), and therefore, the UL-PRS pathloss reference needs to be selected by an LMF (Step 7a in Figure 4).
-	Spatial Relation between UL-PRS and DL RS. 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 [12]. 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 [10],[11].  The reference DL RS can be at least an SSB index; other DL RSs such as CSI-RS or DL-PRS are currently FFS [11]. 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 needs to be determined by an LMF (Step 7a in Figure 4).
(b)	Activation of UL-PRS should only be required once all selected gNBs have been configured for UL-PRS measurements (and have accepted the UL-PRS measurement request; e.g., after  step 7 in Figure 4).  The serving gNB cannot autonomously activate or deactivate the UL-PRS by means of e.g. MAC CE signalling or by DCI, since the activation needs to be coordinated with the measuring gNBs/TRPs. Therefore, the UL-PRS activation/trigger must be sent from the LMF. 
For item (a) the LMF could provide the parameters to the serving gNB using NRPPa signalling (e.g., at step 3 in Figure 4). However, at this step the LMF does not know whether each neighbour gNB is able to accept the UL PRS measurement request at step 7, and therefore, the UE may be configured with a e.g. pathloss reference or spatial relation from a neighbour cell which does not participate in the UL positioning measurement process.
Similarly for item (b), new NRPPa signalling may be introduced to trigger SRS activation/deactivation at the serving gNB. However, this appears equivalent to using direct LMF-UE signalling via LPP as in step 9 in Figure 4 above. In particular, for positioning methods which require LPP signalling in any case (e.g., UL+DL methods or hybrid methods), this NRPPa signalling and activation would be an additional and redundant signalling step; in particular since the LMF needs to know the UL-PRS configuration anyhow for configuring the neighbour gNBs (step 7b in Figure 4).
Instead of using the Rel-15 SRS mechanism, Figure 4 considers the UL-PRS (SRS) configuration essentially as "assistance data" for both, UE and measuring gNBs; they determine the time/frequency/spatial information for the UE to transmit and for the gNBs to measure the UL-PRS.  Similarly, the activation/deactivation/triggering could be equivalent to a "LPP location request". 
This may also better support UE mobility. I.e., the UE could continue transmitting the configured/activated UL-PRS configuration during/after handover, since this is controlled by an LMF. Using the Rel-15 SRS mechanism, the configured e.g. semi-persistent SRS resource sets are deactivated after a handover and would need to be re-activated by the new serving cell. However, the new serving cell has no "positioning context", which seems to require additional NRPPa signalling to inform the LMF about a cell change and configure/trigger UL-PRS in the new serving cell.
However, using LPP for SRS configuration and activation as described above could result in colliding SRS configurations at the UE; i.e. multiple SRS resources could occur in the same symbol. E.g., a "normal" SRS usage for e.g. beamManagement may collide with the UL-PRS (e.g., conflicting pathloss reference or spatial relation). For semi-persistent or aperiodic UL-PRS, the collision should only happen when SRS is triggered to be transmitted, and not when it is just configured. However, since the serving gNB can determine non-positioning specific SRS details at step 4 in Figure 4, the serving gNB would be aware of the UL-PRS resource sets. This may require reserving UL-PRS resources which cannot be used for other applications. However, this may be less of a concern, since the positioning SRS (UL-PRS) appears less useful for other purposes anyhow (e.g., given the pathloss reference or spatial relation) and the reuse of an existing (Rel-15) SRS configuration/usage for positioning would still be possible with the procedure in Figure 4 since this can be decided by the serving gNB at step 4 in Figure 4. Otherwise (e.g. if collisions would happen after handover), some priority/collision handling rules could be specified.
Note that a serving gNB can be aware of the final UL-PRS configuration provided by the LMF using LPP at step 8 in Figure 4 (e.g., by sending the UL PRS Measurement Request for the serving gNB at step 7b in UE-associated mode and/or including some additional information in the message). With the above approach, the serving gNB provides the LMF with SRS resources that are available for UL PRS at step 4 in Figure 4 and the LMF determines the remaining (e.g. positioning specific) configuration parameter at step 7a. The serving gNB could then send this information to any new serving gNB following handover in a handover request message to enable the new serving gNB to similarly avoid potential conflicts with the UL PRS.

Observation 3:	Not all parameters required for UL-PRS ("positioning SRS") can be determined by the serving gNB. At least part of the UL-PRS configuration must be determined by an LMF.
Observation 4:	The serving gNB cannot autonomously activate or deactivate the UL-PRS, since the activation needs to be coordinated with the measuring gNBs/TRPs.
Observation 5:	Controlling the UL-PRS transmission by an LMF would be more efficient and can better support mobility.
Therefore,
Proposal 4:	The UL-PRS configuration ("positioning SRS") is provided by an LMF to the target device using LPP signalling.
Proposal 5:	The command to transmit (activate) UL-PRS is provided by an LMF to the target device using LPP signalling.

5. 	Summary 
In this contribution we discussed the additional NR positioning methods for Rel-16 and proposed the positioning procedures to support positioning solutions based on combined downlink- and uplink measurements (e.g., to support multi-cell RTT location). 
The Observations and Proposals are as follows: 
Observation 1:	DL-only (OTDOA, DL-AoD) and UL-only (UTDOA, UL-AoA) positioning procedures can be supported as subsets of a Multi-RTT positioning procedure. 
Observation 2:	The NR positioning methods can be supported using existing LPP procedures (Request/Provide Capabilities, Request/Provide Assistance Data, Request/Provide Location Information). New NRPPa procedures would be required for
-	providing DL- and UL-PRS configuration information from an LMF to selected TRPs;
-	requesting UL positioning measurements from TRPs by an LMF, and
- 	reporting UL positioning measurements by TRPs to an LMF.
In addition, new NRPPa procedures would be required to provide TRP configuration information to an LMF; e.g., timing information, beam information, etc.

Observation 3:	Not all parameters required for UL-PRS ("positioning SRS") can be determined by the serving gNB. At least part of the UL-PRS configuration must be determined by an LMF.
Observation 4:	The serving gNB cannot autonomously activate or deactivate the UL-PRS, since the activation needs to be coordinated with the measuring gNBs/TRPs.
Observation 5:	Controlling the UL-PRS transmission by an LMF would be more efficient and would better support mobility.

Proposal 1: 	Add the following positioning methods to NR Rel-16:
			-	NR-OTDOA positioning,
			-	Multi-RTT positioning,
			-	DL-AoD positioning,
				-	Uplink positioning.  
Proposal 2:	RAN2 to discuss further whether NR E-CID should be a separate method or combined with Rel-15 E‑CID. 
Proposal 3:	Add the additional NR positioning methods from Proposal 1 and 2 and associated signalling content to LPP:
-	NR-OTDOA positioning,
			-	Multi-RTT positioning,
			-	DL-AoD positioning,
-	Uplink positioning (UTDOA,  UL-AoA),
-	NR E-CID positioning (FFS whether as extension to Rel-15 E-CID positioning method or as a new positioning method).
NOTE:	In the attached LPP draft, NR E-CID is added as an extension to the Rel-15 E-CID positioning method as this seems to reduce ASN.1 change. But it is not precluded to change to a new NR E-CID positioning method.
Proposal 4:	The UL-PRS configuration ("positioning SRS") is provided by an LMF to the target device using LPP signalling.
Proposal 5:	The command to transmit (activate) UL-PRS is provided by an LMF to the target device using LPP signalling.
An initial LPP draft according to the proposals above is provided in the Annex of this contribution.
Proposal 6:	Endorse the LPP draft in the Annex as a starting point for a running CR for NR positioning.
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[bookmark: _Toc12618162]3	Definitions and Abbreviations
[bookmark: _Toc12618163]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1], TS 36.305 [2] and TS 23.271 [3] apply. Other definitions are provided below.
Anchor carrier: In NB-IoT, a carrier where the UE assumes that NPSS/NSSS/NPBCH/SIB-NB for FDD or NPSS/NSSS/NPBCH for TDD are transmitted.
Location Server: a physical or logical entity (e.g., E-SMLC or SUPL SLP) that manages positioning for a target device by obtaining measurements and other location information from one or more positioning units and providing assistance data to positioning units to help determine this. A Location Server may also compute or verify the final location estimate.
NB-IoT: NB-IoT allows access to network services via E-UTRA with a channel bandwidth limited to 200 kHz.
Reference Source: a physical entity or part of a physical entity that provides signals (e.g., RF, acoustic, infra-red) that can be measured (e.g., by a Target Device) in order to obtain the location of a Target Device.
Target Device: the device that is being positioned (e.g., UE or SUPL SET).
Transmission Point (TP): A set of geographically co-located transmit antennas for one cell, part of one cell or one PRS-only TP. Transmission Points can include base station (eNodeB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a PRS-only TP, etc. One cell can be formed by one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell.
Observed Time Difference Of Arrival (OTDOA): The time interval that is observed by a target device between the reception of downlink signals from two different TPs. If a signal from TP 1 is received at the moment t1, and a signal from TP 2 is received at the moment t2, the OTDOA is t2 – t1.
PRS-only TP: A TP which only transmits PRS signals for PRS-based TBS positioning and is not associated with a cell.
Real Time Difference (RTD): The relative synchronization difference between two TPs. If the TP 1 transmits a signal at the moment t3, and the TP 2 at the moment t4, the RTD between them is RTD = t4 - t3. If the TPs transmit exactly at the same time that means that the network is perfectly synchronized and hence RTDs = 0.
[bookmark: _Toc12618164]3.2	Abbreviations
For the purposes of the present document, the following abbreviations apply.
ADR	Accumulated Delta-Range
A‑GNSS	Assisted‑GNSS
AP	Access Point
ARFCN	Absolute Radio Frequency Channel Number
ARP	Antenna Reference Point
BDS	BeiDou Navigation Satellite System
BSSID	Basic Service Set Identifier
BTS	Base Transceiver Station (GERAN)
CID	Cell-ID (positioning method)
CNAV	Civil Navigation
CRS	Cell-specific Reference Signals
ECEF	Earth-Centered, Earth-Fixed
ECGI	Evolved Cell Global Identifier
ECI	Earth-Centered-Inertial
E‑CID	Enhanced Cell-ID (positioning method)
EGNOS	European Geostationary Navigation Overlay Service
E-SMLC	Enhanced Serving Mobile Location Centre
E-UTRAN	Evolved Universal Terrestrial Radio Access Network
EOP	Earth Orientation Parameters
EPDU	External Protocol Data Unit
FDMA	Frequency Division Multiple Access
FEC	Forward Error Correction
FKP	(German) Flächen-Korrektur-Parameter (area correction parameter)
FTA	Fine Time Assistance
GAGAN	GPS Aided Geo Augmented Navigation
GLONASS	GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
GNSS	Global Navigation Satellite System
GPS	Global Positioning System
HA GNSS	High-Accuracy GNSS (RTK, PPP)
ICD	Interface Control Document
IGS	International GNSS Service
IOD	Issue of Data
IS	Interface Specification
LLA	Latitude Longitude Altitude 
LMF	Location Management Function
LPP	LTE Positioning Protocol
LPPa	LTE Positioning Protocol Annex
LSB	Least Significant Bit
MAC	Master Auxiliary Concept
MBS	Metropolitan Beacon System
MO-LR	Mobile Originated Location Request
MSAS	Multi-functional Satellite Augmentation System
MSB	Most Significant Bit
msd	mean solar day
MT-LR	Mobile Terminated Location Request
NAV	Navigation
NB-IoT	NarrowBand Internet of Things
NCGI	NR Cell Global Identifier 
NICT	National Institute of Information and Communications Technology
NI-LR	Network Induced Location Request
NPRS	Narrowband Positioning Reference Signals
NR	NR Radio Access
NRSRP	Narrowband Reference Signal Received Power
NRSRQ	Narrowband Reference Signal Received Quality
NTSC	National Time Service Center of Chinese Academy of Sciences
OSR	Observation Space Representation
OTDOA	Observed Time Difference Of Arrival
PDU	Protocol Data Unit
PPP	Precise Point Positioning
PRB	Physical Resource Block
PRC	Pseudo‑Range Correction
PRS	Positioning Reference Signals
posSIB	Positioning System Information Block
PZ-90	Parametry Zemli 1990 Goda – Parameters of the Earth Year 1990
QZS	Quasi Zenith Satellite
QZSS	Quasi-Zenith Satellite System
QZST	Quasi-Zenith System Time
RF	Radio Frequency
RRC	Range‑Rate Correction
Radio Resource Control
RSRP	Reference Signal Received Power
RSRQ	Reference Signal Received Quality
RSTD	Reference Signal Time Difference
RTK	Real-Time Kinematic
RTT	Round Trip Time
RU	Russia
SBAS	Space Based Augmentation System
SET	SUPL Enabled Terminal
SFN	System Frame Number
SLP	SUPL Location Platform
SSID	Service Set Identifier
SSR	State Space Representation
SUPL	Secure User Plane Location
SV	Space Vehicle
TB	Terrestrial Beacon
TBS	Terrestrial Beacon System
TLM	Telemetry
TOD	Time Of Day
TOW	Time Of Week
TP	Transmission Point
UDRE	User Differential Range Error
ULP	User Plane Location Protocol
USNO	US Naval Observatory
UT1	Universal Time No.1
UTC	Coordinated Universal Time
WAAS	Wide Area Augmentation System
WGS‑84	World Geodetic System 1984
WLAN	Wireless Local Area Network
Error! No text of specified style in document.
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[bookmark: _Toc12618165]4	Functionality of Protocol
[bookmark: _Toc12618166]4.1	General
[bookmark: _Toc12618167]4.1.1	LPP Configuration
LPP is used point-to-point between a location server (E-SMLC, LMF or SLP) and a target device (UE or SET) in order to position the target device using position-related measurements obtained by one or more reference sources. Figure 4.1.1-1 shows the configuration as applied to the control- and user-plane location solutions for E-UTRAN (as defined in TS 36.305 [2] and TS 23.271 [3]).
NB-IoT is a non-backward compatible variant of E-UTRAN supporting a reduced set of functionalities. In this specification, procedures and messages specified for the UE equally apply to the UE in NB-IoT.


Figure 4.1.1-1: LPP Configuration for Control- and User-Plane Positioning in E-UTRAN
[bookmark: _Toc12618168]4.1.2	LPP Sessions and Transactions
An LPP session is used between a Location Server and the target device in order to obtain location related measurements or a location estimate or to transfer assistance data. A single LPP session is used to support a single location request (e.g., for a single MT-LR, MO-LR or NI-LR). Multiple LPP sessions can be used between the same endpoints to support multiple different location requests (as required by TS 23.271 [3]). Each LPP session comprises one or more LPP transactions, with each LPP transaction performing a single operation (capability exchange, assistance data transfer, or location information transfer). In E-UTRAN and NR the LPP transactions are realized as LPP procedures. The instigator of an LPP session will always instigate the first LPP transaction, but subsequent transactions may be instigated by either end. LPP transactions within a session may occur serially or in parallel. LPP transactions are indicated at the LPP protocol level with a transaction ID in order to associate messages with one another (e.g., request and response).
Messages within a transaction are linked by a common transaction identifier.
[bookmark: _Toc12618169]4.1.3	LPP Position Methods
Internal LPP positioning methods and associated signalling content are defined in this specification.
This version of the specification defines OTDOA (for LTE and NR), A-GNSS, E-CID (for LTE and NR), Sensor, TBS, WLAN,  and Bluetooth, Multi-RTT (for NR), DL-AOD (for NR), and Uplink (for NR) positioning methods.
[bookmark: _Toc12618217]6.3	Message Body IEs
[bookmark: _Toc12618218]–	RequestCapabilities
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The RequestCapabilities message body in a LPP message is used by the location server to request the target device capability information for LPP and the supported individual positioning methods.
-- ASN1START

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

RequestCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsRequestCapabilities		CommonIEsRequestCapabilities		OPTIONAL,	-- Need ON
	a-gnss-RequestCapabilities			A-GNSS-RequestCapabilities			OPTIONAL,	-- Need ON
	otdoa-RequestCapabilities			OTDOA-RequestCapabilities			OPTIONAL,	-- Need ON
	ecid-RequestCapabilities			ECID-RequestCapabilities			OPTIONAL,	-- Need ON
	epdu-RequestCapabilities			EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[	sensor-RequestCapabilities-r13	Sensor-RequestCapabilities-r13		OPTIONAL,	-- Need ON
		tbs-RequestCapabilities-r13		TBS-RequestCapabilities-r13			OPTIONAL,	-- Need ON
		wlan-RequestCapabilities-r13	WLAN-RequestCapabilities-r13		OPTIONAL,	-- Need ON
		bt-RequestCapabilities-r13		BT-RequestCapabilities-r13			OPTIONAL	-- Need ON
	]],
	[[	
	nr-otdoa-RequestCapabilities-r16	NR-OTDOA-RequestCapabilities-r16	OPTIONAL,	-- Need ON
	mrtt-RequestCapabilities-r16		MRTT-RequestCapabilities-r16		OPTIONAL,	-- Need ON
	dl-aod-RequestCapabilities-r16		DL-AOD-RequestCapabilities-r16		OPTIONAL,	-- Need ON
	ul-RequestCapabilities-r16			UL-RequestCapabilities-r16			OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

[bookmark: _Toc12618219]–	ProvideCapabilities
The ProvideCapabilities message body in a LPP message indicates the LPP capabilities of the target device to the location server.
-- ASN1START

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

ProvideCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsProvideCapabilities		CommonIEsProvideCapabilities		OPTIONAL,
	a-gnss-ProvideCapabilities			A-GNSS-ProvideCapabilities			OPTIONAL,
	otdoa-ProvideCapabilities			OTDOA-ProvideCapabilities			OPTIONAL,
	ecid-ProvideCapabilities			ECID-ProvideCapabilities			OPTIONAL,
	epdu-ProvideCapabilities			EPDU-Sequence						OPTIONAL,
	...,
	[[	sensor-ProvideCapabilities-r13	Sensor-ProvideCapabilities-r13		OPTIONAL,
		tbs-ProvideCapabilities-r13		TBS-ProvideCapabilities-r13			OPTIONAL,
		wlan-ProvideCapabilities-r13	WLAN-ProvideCapabilities-r13		OPTIONAL,
		bt-ProvideCapabilities-r13		BT-ProvideCapabilities-r13			OPTIONAL
	]],
	[[	
	nr-otdoa-ProvideCapabilities-r16	NR-OTDOA-ProvideCapabilities-r16	OPTIONAL,
	mrtt-ProvideCapabilities-r16		MRTT-ProvideCapabilities-r16		OPTIONAL,
	dl-aod-ProvideCapabilities-r16		DL-AOD-ProvideCapabilities-r16		OPTIONAL,
	ul-ProvideCapabilities-r16			UL-ProvideCapabilities-r16			OPTIONAL
	]]
}

-- ASN1STOP

[bookmark: _Toc12618220]–	RequestAssistanceData
The RequestAssistanceData message body in a LPP message is used by the target device to request assistance data from the location server.
-- ASN1START

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

RequestAssistanceData-r9-IEs ::= SEQUENCE {
	commonIEsRequestAssistanceData		CommonIEsRequestAssistanceData		OPTIONAL,
	a-gnss-RequestAssistanceData		A-GNSS-RequestAssistanceData		OPTIONAL,
	otdoa-RequestAssistanceData			OTDOA-RequestAssistanceData			OPTIONAL,
	epdu-RequestAssistanceData			EPDU-Sequence						OPTIONAL,
	...,
	[[	sensor-RequestAssistanceData-r14
										Sensor-RequestAssistanceData-r14	OPTIONAL,
		tbs-RequestAssistanceData-r14	TBS-RequestAssistanceData-r14		OPTIONAL,
		wlan-RequestAssistanceData-r14	WLAN-RequestAssistanceData-r14		OPTIONAL
	]],
	[[	
	nr-otdoa-RequestAssistanceData-r16	NR-OTDOA-RequestAssistanceData-r16	OPTIONAL,
	mrtt-RequestAssistanceData-r16		MRTT-RequestAssistanceData-r16		OPTIONAL,
	dl-aod-RequestAssistanceData-r16	DL-AOD-RequestAssistanceData-r16	OPTIONAL,
	ul-RequestAssistanceData-r16		UL-RequestAssistanceData-r16		OPTIONAL
	]]
}

-- ASN1STOP

[bookmark: _Toc12618221]–	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-otdoa-ProvideAssistanceData-r16	NR-OTDOA-ProvideAssistanceData-r16	OPTIONAL,	-- Need ON
	mrtt-ProvideAssistanceData-r16		MRTT-ProvideAssistanceData-r16		OPTIONAL, 	-- Need ON
	dl-aod-ProvideAssistanceData-r16	DL-AOD-ProvideAssistanceData-r16	OPTIONAL,	-- Need ON
	ul-ProvideAssistanceData-r16		UL-ProvideAssistanceData-r16		OPTIONAL 	-- Need ON
	]]
}

-- ASN1STOP

	ProvideAssistanceData field descriptions

	commonIEsProvideAssistanceData
This IE is provided for future extensibility and should not be included in this version of the protocol.



[bookmark: _Toc12618222]–	RequestLocationInformation
The RequestLocationInformation message body in a LPP message is used by the location server to request positioning measurements or a position estimate from the target device.
-- ASN1START

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

RequestLocationInformation-r9-IEs ::= SEQUENCE {
	commonIEsRequestLocationInformation
										CommonIEsRequestLocationInformation	OPTIONAL,	-- Need ON
	a-gnss-RequestLocationInformation	A-GNSS-RequestLocationInformation	OPTIONAL,	-- Need ON
	otdoa-RequestLocationInformation	OTDOA-RequestLocationInformation	OPTIONAL,	-- Need ON
	ecid-RequestLocationInformation		ECID-RequestLocationInformation		OPTIONAL,	-- Need ON
	epdu-RequestLocationInformation		EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[
	sensor-RequestLocationInformation-r13
										Sensor-RequestLocationInformation-r13
																			OPTIONAL,	-- Need ON
	tbs-RequestLocationInformation-r13	TBS-RequestLocationInformation-r13	OPTIONAL,	-- Need ON
	wlan-RequestLocationInformation-r13	WLAN-RequestLocationInformation-r13	OPTIONAL,	-- Need ON
	bt-RequestLocationInformation-r13	BT-RequestLocationInformation-r13	OPTIONAL	-- Need ON
	]],
	[[
 	nr-otdoa-RequestLocationInformation-r16 
										NR-OTDOA-RequestLocationInformation-r16	OPTIONAL, -- Need ON
	mrtt-RequestLocationInformation-r16	MRTT-RequestLocationInformation-r16		OPTIONAL, -- Need ON
	dl-aod-RequestLocationInformation-r16	
										DL-AOD-RequestLocationInformation-r16	OPTIONAL, -- Need ON
	ul-RequestLocationInformation-r16	UL-RequestLocationInformation-r16		OPTIONAL  -- Need ON
	]]
}

-- ASN1STOP

	RequestLocationInformation field descriptions

	commonIEsRequestLocationInformation
This field specifies the location information type requested by the location server and optionally other configuration information associated with the requested location information. This field should always be included in this version of the protocol.



[bookmark: _Toc12618223]–	ProvideLocationInformation
The ProvideLocationInformation message body in a LPP message is used by the target device to provide positioning measurements or position estimates to the location server.
-- ASN1START

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

ProvideLocationInformation-r9-IEs ::= SEQUENCE {
	commonIEsProvideLocationInformation
										CommonIEsProvideLocationInformation	OPTIONAL,
	a-gnss-ProvideLocationInformation	A-GNSS-ProvideLocationInformation	OPTIONAL,
	otdoa-ProvideLocationInformation	OTDOA-ProvideLocationInformation	OPTIONAL,
	ecid-ProvideLocationInformation		ECID-ProvideLocationInformation		OPTIONAL,
	epdu-ProvideLocationInformation		EPDU-Sequence						OPTIONAL,
	...,
	[[
	sensor-ProvideLocationInformation-r13
										Sensor-ProvideLocationInformation-r13
																			OPTIONAL,
	tbs-ProvideLocationInformation-r13	TBS-ProvideLocationInformation-r13	OPTIONAL,
	wlan-ProvideLocationInformation-r13	WLAN-ProvideLocationInformation-r13	OPTIONAL,
	bt-ProvideLocationInformation-r13	BT-ProvideLocationInformation-r13	OPTIONAL
	]],
	[[
	nr-otdoa-ProvideLocationInformation-r16	NR-OTDOA-ProvideLocationInformation-r16	OPTIONAL,
	mrtt-ProvideLocationInformation-r16		MRTT-ProvideLocationInformation-r16		OPTIONAL,
	dl-aod-ProvideLocationInformation-r16	DL-AOD-ProvideLocationInformation-r16	OPTIONAL,
	ul-ProvideLocationInformation-r16		UL-ProvideLocationInformation-r16		OPTIONAL
	]]
}

-- ASN1STOP

[bookmark: _Toc12618224]–	Abort
The Abort message body in a LPP message carries a request to abort an ongoing LPP procedure.
-- ASN1START

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

Abort-r9-IEs ::= SEQUENCE {
	commonIEsAbort		CommonIEsAbort			OPTIONAL,	-- Need ON
	...,
	epdu-Abort			EPDU-Sequence			OPTIONAL	-- Need ON
}

-- ASN1STOP

[bookmark: _Toc12618225]–	Error
The Error message body in a LPP message carries information concerning a LPP message that was received with errors.
-- ASN1START

Error ::= CHOICE {
	error-r9					Error-r9-IEs,
	criticalExtensionsFuture	SEQUENCE {}
}

Error-r9-IEs ::= SEQUENCE {
	commonIEsError		CommonIEsError			OPTIONAL,	-- Need ON
	...,
	epdu-Error			EPDU-Sequence			OPTIONAL	-- Need ON
}

-- ASN1STOP

[bookmark: _Toc12618256]6.4.2	Common Positioning
[…]
[bookmark: _Toc12618263]–	CommonIEsAbort
The CommonIEsAbort carries common IEs for an Abort LPP message Type.
-- ASN1START

CommonIEsAbort ::= SEQUENCE {
	abortCause			ENUMERATED {
		undefined,
		stopPeriodicReporting,
		targetDeviceAbort,
		networkAbort,
		...,
		stopPeriodicAssistanceDataDelivery-v1510,
		stopNR-UL-PRS-Transmission-v16xy
	}
}

-- ASN1STOP

	CommonIEsAbort field descriptions

	abortCause
This IE defines the request to abort an ongoing procedure. The abort cause 'stopPeriodicReporting' should be used by the location server to stop any ongoing location reporting configured as periodicalReporting or triggeredReporting in the CommonIEsRequestLocationInformation.
The abort cause 'stopPeriodicAssistanceDataDelivery' should be used by the location server or target device to stop any ongoing periodic assistance data delivery, as specified in clauses 5.2.1a and 5.2.2a.
The abort cause 'stopNR-UL-PRS-Transmission ' should be used by the location server to stop any ongoing NR UL-PRS transmission for the target device.



[bookmark: _Toc12618264]–	CommonIEsError
The CommonIEsError carries common IEs for an Error LPP message Type.
-- ASN1START

CommonIEsError ::= SEQUENCE {
	errorCause		ENUMERATED {
		undefined,
		lppMessageHeaderError,
		lppMessageBodyError,
		epduError,
		incorrectDataValue,
		...,
		lppSegmentationError-v1450
	}
}

-- ASN1STOP

	CommonIEsError field descriptions

	errorCause
This IE defines the cause for an error. 'lppMessageHeaderError', 'lppMessageBodyError' and 'epduError' is used if a receiver is able to detect a coding error in the LPP header (i.e., in the common fields), LPP message body or in an EPDU, respectively. 'lppSegmentationError' is used if a receiver detects an error in LPP message segmentation.



6.4.3	Common Positioning Information Elements
–	NR-DL-PRS-AssistanceData
The IE NR-DL-PRS-AssistanceData is used to provide DL-PRS configuration information for NR TRPs. 
NOTE: 	This IE provides DL-PRS configuration information generally for a reference TRP and a list of neighbour TRPs. For some positioning methods for which this IE is provided, the reference TRP may have no particular meaning and is then considered as the first TRP in the assistance data TRP list.
-- ASN1START

NR-DL-PRS-AssistanceData-r16 ::= SEQUENCE {
	referenceTRP-Info-NR-r16	ReferenceTRP-Info-NR-r16				OPTIONAL,	-- Need ON
	neighbourTRP-Info-NR-r16	NeighbourTRP-InfoList-NR-r16			OPTIONAL,	-- Need ON
	...
}

ReferenceTRP-Info-NR-r16 ::= SEQUENCE {
	nrTRP-ID-Ref-r16			NR-TRP-ID-r16,
	nrPRS-Info-Ref-r16			NR-DL-PRS-Info-r16,
	prs-only-tp-r14				ENUMERATED { true }						OPTIONAL,	-- Cond TBS
	...
}

NeighbourTRP-InfoList-NR-r16 ::= SEQUENCE (SIZE (1..maxTRP-r16)) OF 
														NeighbourTRP-InfoElement-NR-r16

NeighbourTRP-InfoElement-NR-r16 ::= SEQUENCE {
	nrTRP-ID-Neighbour-r16			NR-TRP-ID-r16,
	nrPRS-Info-Neighbour-r16		NR-DL-PRS-Info-r16,
	expectedTDOA-r16				INTEGER (FFS)						OPTIONAL,	-- Cond TOA 
	expectedTDOA-Uncertainty-r16	INTEGER (FFS)						OPTIONAL,	-- Cond TOA
	prs-only-tp-r14					ENUMERATED { true }					OPTIONAL,	-- Cond TBS
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	TOA
	The field is mandatory present for OTDOA and Multi-RTT positioning; otherwise it is optional present (Need ON).

	TBS
	The field is mandatory present if the ReferenceTRP-Info-NR or NeighbourTRP-InfoElement-NR is provided for a DL-PRS-only TP; otherwise it is not present.



	NR-DL-PRS-AssistanceData field descriptions

	

	

	



–	NR-DL-PRS-AssistanceDataIndexList
The IE NR-DL-PRS-AssistanceDataIndexList provides an index (pointer) to the TRP(s) in IE NR-DL-PRS-AssistanceData. 
-- ASN1START

NR-DL-PRS-AssistanceDataIndexList-r16 ::= SEQUENCE (SIZE (1..1024)) OF 
																NR-DL-PRS-AssistanceDataIndex-r16

NR-DL-PRS-AssistanceDataIndex-r16 ::= INTEGER(1..1024)

-- ASN1STOP

	NR-DL-PRS-AssistanceDataIndexList field descriptions

	NR-DL-PRS-AssistanceDataIndex
This field provides an index to an element in IE NR-DL-PRS-AssistanceData. The value of this index corresponds to the value of the field nrTRP-Index provided in IE NR-TRP-ID.



–	NR-DL-PRS-Info
The IE NR-DL-PRS-Info provides the information related to the configuration of DL-PRS in a NR TRP.
-- ASN1START

NR-DL-PRS-Info-r16 ::= SEQUENCE {
	dl-PRS-ResourceSets-r16		SEQUENCE (SIZE(1..maxResourceSets-r16)) OF DL-PRS-ResourceSet-r16,
	...
}

DL-PRS-ResourceSet-r16 ::= SEQUENCE {
	-- parameters applicable per resource set: TBD
	dl-prs-resourceSetId-r16	INTEGER (FFS),
	dl-PRS-Resources-r16		SEQUENCE (SIZE(1..maxResources-r16)) OF DL-PRS-Resource-r16,
	...
}

DL-PRS-Resource-r16 ::= SEQUENCE {
	-- parameters applicable per resource: TBD
	dl-PRS-ResourceID-r16 		INTEGER(FFS),
	...
}

-- ASN1STOP

	NR-DL-PRS-Info field descriptions

	

	

	



–	NR-MeasQuality
The IE NR-MeasQuality provides information related to the quality of a NR positioning measurement.
-- ASN1START

NR-MeasQuality-r16 ::= SEQUENCE {
	TBD
}

-- ASN1STOP

	NR-MeasQuality field descriptions

	

	

	



–	NR-PositionCalculationAssistanceData
The IE NR-PositionCalculationAssistanceData provides information to enable UE-based positioning.
Editor’s Note: See R2-1913399
-- ASN1START

NR-PositionCalculationAssistanceData-r16 ::= SEQUENCE {
	assistanceDataTRP-List-r16	AssistanceDataTRP-List-r16		OPTIONAL,	-- Need OP
	trp-LocationInfo-r16 		TRP-LocationInfo-r16			OPTIONAL,	-- Need ON
	dl-prs-BeamInfo-r16			DL-PRS-Beam-Info-r16			OPTIONAL,	-- Need ON
	rtd-Info-r16				RTD-Info-r16					OPTIONAL,	-- Need ON
	auxiliaryInfo-r16			AuxiliaryInfo-r16				OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

	NR-PositionCalculationAssistanceData field descriptions

	assistanceDataTRP-List
This field specifies the cell IDs/TRP IDs, DL-PRS Resource Set IDs and DL-PRS Resource IDs for the assistance data reference and neighbour TRPs. If this field is absent this information is provided in other fields of a  ProvideAssistanceData message.

	trp-LocationInfo
This field provides the location coordinates of the antenna reference points for the reference and neighbour TRPs identified by assistanceDataTRP-List. This field includes the same number of entries, and listed in the same order, as in the assistanceDataTRP-List. NOTE.

	dl-prs-BeamInfo
This field provides the spatial directions of DL-PRS Resources for the reference and neighbour TRPs identified by assistanceDataTRP-List. This field includes the same number of entries, and listed in the same order, as in the assistanceDataTRP-List. NOTE.

	rtd-Info
This field provides the time synchronization information between the reference TRP and neighbour TRPs identified by assistanceDataTRP-List. This field includes the same number of entries, and listed in the same order, as in the assistanceDataTRP-List. NOTE.

	auxiliaryInfo
This field provides auxiliary information for UE-based positioning. This field includes the same number of entries, and listed in the same order, as in the assistanceDataTRP-List. NOTE.



NOTE: 	If the information is not available/provided for a particular entry in the assistanceDataTRP-List (TRP and/or resource set and/or resource, as applicable), the corresponding entry in this field would contain an empty sequence.
–	NR-SFN-Time
The IE NR-SFN-Time provides the NR System Frame Number for an indicated TRP.
-- ASN1START

NR-SFN-Time-r16 ::= SEQUENCE {
	nrTRP-ID-r16		NR-TRP-ID-r16				OPTIONAL,
	sfn-r16				BIT STRING (SIZE (10)),
}

-- ASN1STOP

	NR-SFN-Time field descriptions

	nrTRP-ID
This field identifies the TRP for which the sfn is applicable.

	sfn
This field specifies the NR System Frame Number (SFN).



–	NR-TRP-ID
The IE NR-TRP-ID specifies an identity of an NR TRP.
-- ASN1START

NR-TRP-ID-r16 ::= SEQUENCE {
	nrPhysCellId-r16			INTEGER (0..1007)				OPTIONAL,
	nrARFCN-r16					ARFCN-ValueNR-r15				OPTIONAL,
	nrCellGlobalID-r16			CHOICE {
			withoutPLMN-r16			BIT STRING (SIZE (36)),
			withPLMN-r16			NCGI-r15
	}															OPTIONAL,
	nrTRP-ID-r16				INTEGER (FFS)					OPTIONAL,
	nrTRP-Index-r16				INTEGER (1..1024)				OPTIONAL,	-- Cond Shared
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	Shared
	This field is optional present, Need ON, if the assistance data provided for this TRP are shared between positioning methods.



	NR-TRP-ID field descriptions

	nrPhysCellId
This field specifies the physical cell identity of a TRP when the TRP corresponds to a physical cell.

	nrARFCN
This field specifies NR-ARFCN of the TRP.

	nrCellGlobalID
This field specifies the NR Cell Global Identifier (NCGI) of the TRP when the TRP corresponds to a physical cell.

	nrTRP-ID
This field specifies an identity of the TRP.

	nrTRP-Index
This field specifies an index value for the TRP provided in IE NR-DL-PRS-AssistanceData. This field shall be unique for a ProvideAssistanceData message body IE in an LPP session.



–	NR-UL-PRS-Info
The IE NR-UL-PRS-Info provides the information related to the configuration of UL-PRS for a target UE.
-- ASN1START

NR-UL-PRS-Info-r16 ::= SEQUENCE {
	ul-PRS-ResourceSets-r16		SEQUENCE (SIZE(1..maxResourceSets-r16)) OF UL-PRS-ResourceSet-r16,
	...
}

UL-PRS-ResourceSet-r16 ::= SEQUENCE {
	-- parameters applicable per resource set: TBD
	ul-prs-resourceSetId-r16	INTEGER (FFS),
	ul-PRS-Resources-r16		SEQUENCE (SIZE(1..maxResources-r16)) OF UL-PRS-Resource-r16,
	...
}

UL-PRS-Resource-r16 ::= SEQUENCE {
	-- parameters applicable per resource: TBD
	ul-PRS-ResourceID-r16 		INTEGER(FFS),
	...
}

-- ASN1STOP

	NR-UL-PRS-Info field descriptions

	

	

	



–	NR-UL-PRS-Trigger
The IE NR-UL-PRS-Trigger provides UL-PRS transmit starting time information for a target UE.
-- ASN1START

NR-UL-PRS-Trigger-r16 ::= SEQUENCE {
	start-time-r16				CHOICE {
		sfn-r16						NR-SFN-Time-r16,
		utc-r16						UTCTime,
		relativeTime-r16			INTEGER (1..1024),
		...
		}															OPTIONAL,
	duration-r16				CHOICE {
		number-of-frames-r16		INTEGER (1..FFS),
		seconds-r16					INTEGER (1..FFS),
		...
		}															OPTIONAL,
	...
}

-- ASN1STOP

	NR-UL-PRS-Trigger field descriptions

	start-time
This field specifies the start time when the UE should begin transmission of UL-PRS according to the UL-PRS configuration received in IE NR-UL-PRS-Info.
sfn 	indicates the system frame number when the UE should begin transmission of UL-PRS.
utc 	indicates UTC time when the UE should begin transmission of UL-PRS.
relativeTime	indicates the relative time in seconds from current time to the start of UL-PRS transmission. Current 			time is defined as the time when this IE was received by the target device.

	duration
This field specifies the duration for the UL-PRS transmission by the target device. 



[bookmark: _Toc12618450]6.5.3	Enhanced Cell ID Positioning
[bookmark: _Toc12618451]6.5.3.1	E‑CID Location Information
[bookmark: _Toc12618452]–	ECID-ProvideLocationInformation
The IE ECID-ProvideLocationInformation is used by the target device to provide E‑CID location measurements to the location server. It may also be used to provide ECID positioning specific error reason.
-- ASN1START

ECID-ProvideLocationInformation ::= SEQUENCE {
	ecid-SignalMeasurementInformation	ECID-SignalMeasurementInformation		OPTIONAL,
	ecid-Error							ECID-Error								OPTIONAL,
	...,
	[[
	ecid-SignalMeasurementInformationNR-r16	
										ECID-SignalMeasurementInformationNR-r16	OPTIONAL
	]]
}

-- ASN1STOP

[bookmark: _Toc12618453]6.5.3.2	E‑CID Location Information Elements
[bookmark: _Toc12618454]–	ECID-SignalMeasurementInformation
The IE ECID-SignalMeasurementInformation is used by the target device to provide various UE‑measurements to the location server.
-- ASN1START

ECID-SignalMeasurementInformation ::= SEQUENCE {
	primaryCellMeasuredResults	MeasuredResultsElement	OPTIONAL,
	measuredResultsList			MeasuredResultsList,
	...
}

MeasuredResultsList ::= SEQUENCE (SIZE(1..32)) OF MeasuredResultsElement

MeasuredResultsElement ::= SEQUENCE {
	physCellId						INTEGER (0..503),
	cellGlobalId					CellGlobalIdEUTRA-AndUTRA	OPTIONAL,
	arfcnEUTRA						ARFCN-ValueEUTRA,
	systemFrameNumber				BIT STRING (SIZE (10))		OPTIONAL,
	rsrp-Result						INTEGER (0..97)				OPTIONAL,
	rsrq-Result						INTEGER (0..34)				OPTIONAL,
	ue-RxTxTimeDiff					INTEGER (0..4095)			OPTIONAL,
	...,
	[[	arfcnEUTRA-v9a0				ARFCN-ValueEUTRA-v9a0		OPTIONAL		-- Cond EARFCN-max
	]],
	[[	nrsrp-Result-r14			INTEGER (0..113)			OPTIONAL,
		nrsrq-Result-r14			INTEGER (0..74)				OPTIONAL,
		carrierFreqOffsetNB-r14		CarrierFreqOffsetNB-r14		OPTIONAL,		-- Cond NB-IoT
		hyperSFN-r14				BIT STRING (SIZE (10))		OPTIONAL
	]],
	[[
		rsrp-Result-v1470			INTEGER (-17..-1)			OPTIONAL,
		rsrq-Result-v1470			INTEGER (-30..46)			OPTIONAL
	]]
}

-- ASN1STOP

	Conditional presence
	Explanation

	EARFCN-max
	The field is mandatory present if the corresponding arfcnEUTRA (i.e. without suffix) is set to maxEARFCN. Otherwise the field is not present.

	NB-IoT
	The field is mandatory present if the measured cell is a NB-IoT cell. Otherwise it is not present.



	ECID-SignalMeasurementInformation field descriptions

	primaryCellMeasuredResults
This field contains measurements for the primary cell (if the primary cell is a E-UTRA or NB-IoT cell), when the target device reports measurements for both primary cell (E-UTRA or NB-IoT) and neighbour cells. This field shall be omitted when the target device reports measurements for the primary cell (E-UTRA or NB-IoT) only, in which case the measurements for the primary cell (E-UTRA or NB-IoT) is reported in the measuredResultsList. This field shall be omitted when the primary cell is not a E-UTRA or NB-IoT cell.

	measuredResultsList
This list contains the E‑CID measurements for up to 32 E-UTRA or NB-IoT cells.

	physCellId
This field specifies the physical cell identity of the measured cell.

	cellGlobalId
This field specifies cell global ID of the measured cell. The target device shall provide this field if it was able to determine the ECGI of the measured cell at the time of measurement.

	arfcnEUTRA
This field specifies the ARFCN of the measured E-UTRA carrier frequency, as defined in TS 36.331 [12]. In case the target device includes arfcnEUTRA-v9a0, the target device shall set the corresponding arfcnEUTRA (i.e. without suffix) to maxEARFCN.

	systemFrameNumber
This field specifies the system frame number of the measured cell during which the measurements have been performed. The target device shall include this field if it was able to determine the SFN of the cell at the time of measurement.

	rsrp-Result
This field specifies the reference signal received power (RSRP) measurement, as defined in TS 36.331 [12], TS 36.214 [17]. In case the target device includes rsrp-Result-v1470, the target device shall set the corresponding rsrp-Result (i.e. without suffix) to value 0.

	rsrq-Result
This field specifies the reference signal received quality (RSRQ) measurement, as defined in TS 36.331 [12], TS 36.214 [17]. In case the target device includes rsrq-Result-v1470, the target device shall set the corresponding rsrq-Result (i.e. without suffix) to value 0 or 34.

	ue-RxTxTimeDiff
This field specifies the UE Rx–Tx time difference measurement, as defined in TS 36.214 [17]. It is provided only for measurements on the UE's primary cell.
Measurement report mapping is according to TS 36.133 [18]. 

	nrsrp-Result
This field specifies the narrowband reference signal received power (NRSRP) measurement, as defined in TS 36.214 [17]. Measurement report mapping is according to TS 36.133 [18].

	nrsrq-Result
This field specifies the narrowband reference signal received quality (NRSRQ) measurement, as defined in TS 36.214 [17].
Measurement report mapping to the value defined in TS 36.133 [18]. Values 0..29 map to values
NRSRQ_-30..NRSRQ_-1. Values 30..62 map to NRSRQ_01..NRSRQ_33. Values 63..74 map to NRSRQ_35..NRSRQ_46. The UE does not report NRSRQ_00 nor NRSRQ_34.

	carrierFreqOffsetNB
This field specifies the offset of the NB-IoT channel number to ARFCN given by arfcnEUTRA as defined in TS 36.101 [21].

	hyperSFN
This field specifies the hyper-SFN of the measured cell during which the measurements have been performed. The target device shall include this field if it was able to determine the hyper-SFN of the cell at the time of measurement.



–	ECID-SignalMeasurementInformationNR
The IE ECID-SignalMeasurementInformationNR is used by the target device to provide various UE NR‑measurements to the location server.
-- ASN1START

ECID-SignalMeasurementInformationNR-r16 ::= SEQUENCE {
	primaryCellMeasuredResultsNR-r16	MeasuredResultsElementNR-r16,
	measuredResultsListNR-r16			MeasuredResultsListNR-r16,
	...
}

MeasuredResultsListNR-r16 ::= SEQUENCE (SIZE(0..31)) OF MeasuredResultsElementNR-r16

MeasuredResultsElementNR-r16 ::= SEQUENCE {
	nrTRP-ID-r16				NR-TRP-ID-r16,
	systemFrameNumber-r16		BIT STRING (SIZE (10))				OPTIONAL,
	resultsSSB-Cell-r16         MeasQuantityResultsNR-r16			OPTIONAL,
	resultsCSI-RS-Cell-r16      MeasQuantityResultsNR-r16			OPTIONAL,
	resultsSSB-Indexes-r16      ResultsPerSSB-IndexList-r16			OPTIONAL,
	...
}

MeasQuantityResultsNR-r16 ::= SEQUENCE {
	rsrpNR-r16					INTEGER(0..127)						OPTIONAL,
	rsrqNR-r16					INTEGER(0..127)						OPTIONAL,
	...
}

ResultsPerSSB-IndexList-r16 ::= SEQUENCE (SIZE (1..64)) OF ResultsPerSSB-Index-r16

ResultsPerSSB-Index-r16 ::= SEQUENCE {
	ssb-Index-r16               INTEGER (0..63),
	ssb-Results-r16             MeasQuantityResultsNR-r16
}

-- ASN1STOP

	ECID-SignalMeasurementInformationNR field descriptions

	

	

	

	

	

	



[bookmark: _Toc12618455]6.5.3.3	E‑CID Location Information Request
[bookmark: _Toc12618456]–	ECID-RequestLocationInformation
The IE ECID-RequestLocationInformation is used by the location server to request E‑CID location measurements from a target device.
-- ASN1START

ECID-RequestLocationInformation ::= SEQUENCE {
	requestedMeasurements		BIT STRING {	rsrpReq		(0),
												rsrqReq		(1),
												ueRxTxReq	(2),
												nrsrpReq-r14	(3),
												nrsrqReq-r14	(4)} (SIZE(1..8)),
	...,
	[[
	requestedMeasurementsNR-r16	BIT STRING {	ssb-rsrpReq		(0),
												ssb-rsrqReq		(1),
												csi-rsrpReq		(2),
												csi-rsrqReq		(3),
												ssb-rsrp-pbReq	(4),
												ssb-rsrq-pbReq	(5) } (SIZE(1..8))	OPTIONAL
	]]
}

-- ASN1STOP

	ECID-RequestLocationInformation field descriptions

	requestedMeasurements
This field specifies the E‑CID measurements requested. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is requested; a zero‑value means not requested.

	requestedMeasurementsNR
This field specifies the NR E‑CID measurements requested. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is requested; a zero‑value means not requested.



[bookmark: _Toc12618457]6.5.3.4	E‑CID Capability Information
[bookmark: _Toc12618458]–	ECID-ProvideCapabilities
The IE ECID-ProvideCapabilities is used by the target device to indicate its capability to support E‑CID and to provide its E‑CID location capabilities to the location server.
-- ASN1START

ECID-ProvideCapabilities ::= SEQUENCE {
	ecid-MeasSupported	BIT STRING {	rsrpSup		(0),
										rsrqSup		(1),
										ueRxTxSup	(2),
										nrsrpSup-r14	(3),
										nrsrqSup-r14	(4),
										none-r16		(5) } (SIZE(1..8)),
	...,
	[[	ueRxTxSupTDD-r13					ENUMERATED { true }				OPTIONAL
	]],
	[[	periodicalReporting-r14				ENUMERATED { supported }		OPTIONAL,
		triggeredReporting-r14				ENUMERATED { supported }		OPTIONAL,
		idleStateForMeasurements-r14		ENUMERATED { required }			OPTIONAL
	]],
	[[
		ecid-MeasSupported-NR-r16	BIT STRING {ssb-rsrpSup		(0),
												ssb-rsrqSup		(1),
												csi-rsrpSup		(2),
												csi-rsrqSup		(3),
												ssb-rsrp-pbSup	(4),
												ssb-rsrq-pbSup	(5)} (SIZE(1..8))
																			OPTIONAL
	]]
}

-- ASN1STOP

	ECID-Provide-Capabilities field descriptions

	ecid-MeasSupported
This field specifies the E‑CID measurements supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is supported; a zero‑value means not supported. A zero-value in all bit positions in the bit string means only the basic Cell ID positioning method is supported by the target device.
If bit 5 is set to value one, the target device does not support any E-CID measurements and also not the basic Cell ID positioning method for E-UTRA. If bit 5 is set to value one, the target device shall set all remaining bits to value zero.
If the UE Rx-Tx time difference measurement is supported by the target device (i.e., ueRxTxSup field is set to one), it means that the UE supports the UE Rx-Tx time difference measurement reporting via both LPP signaling and RRC signalling.
If a target device doesn't support LPP, the E-SMLC may assume the target device can not report the UE Rx-Tx time difference measurement results via RRC signalling. NOTE 1.

	ueRxTxSupTDD
This field, if present, indicates that any UE Rx-Tx time difference measurement reporting for TDD from the target device includes the NTAoffset according to TS 36.211 [16], TS 36.214 [17] and uses the UE Rx-Tx time difference measurement report mapping for TDD as specified in TS 36.133 [18]. This field may only be included if the ueRxTxSup field in ecid‑MeasSupported is set to value one. NOTE 1.

	periodicalReporting
This field, if present, indicates that the target device supports periodicalReporting of ECID measurements. If this field is absent, the location server may assume that the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	triggeredReporting
This field, if present, indicates that the target device supports triggeredReporting for the cellChange event. If this field is absent, the location server may assume that the target device does not support triggeredReporting in CommonIEsRequestLocationInformation.

	idleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform ECID measurements. NOTE 1.

	ecid-MeasSupported-NR
This field specifies the NR E‑CID measurements supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is supported; a zero‑value means not supported. If this field is present with a zero-value in all bit positions in the bit string it means only the basic NR Cell ID positioning method is supported by the target device. NOTE 2.



NOTE 1:	Parameters indicated by 'NOTE 1' are applicable to E-UTRA only.
NOTE 2:	Parameters indicated by 'NOTE 2' are applicable to NR only.

[bookmark: _Toc12618459]6.5.3.5	E‑CID Capability Information Request
[bookmark: _Toc12618460]–	ECID-RequestCapabilities
The IE ECID-RequestCapabilities is used by the location server to request E‑CID positioning capabilities from a target device.
-- ASN1START

ECID-RequestCapabilities ::= SEQUENCE {
	...
}

-- ASN1STOP

[bookmark: _Toc12618461]6.5.3.6	E‑CID Error Elements
[bookmark: _Toc12618462]–	ECID-Error
The IE ECID-Error is used by the location server or target device to provide E‑CID error reasons to the target device or location server, respectively.
-- ASN1START

ECID-Error ::= CHOICE {
	locationServerErrorCauses		ECID-LocationServerErrorCauses,
	targetDeviceErrorCauses			ECID-TargetDeviceErrorCauses,
	...
}

-- ASN1STOP

[bookmark: _Toc12618463]–	ECID-LocationServerErrorCauses
The IE ECID-LocationServerErrorCauses is used by the location server to provide E‑CID error reasons to the target device.
-- ASN1START

ECID-LocationServerErrorCauses ::= SEQUENCE {
	cause		ENUMERATED	{	undefined,								
								...
							},
	...
}

-- ASN1STOP

[bookmark: _Toc12618464]–	ECID-TargetDeviceErrorCauses
The IE ECID-TargetDeviceErrorCauses is used by the target device to provide E-CID error reasons to the location server.
-- ASN1START

ECID-TargetDeviceErrorCauses ::= SEQUENCE {
	cause		ENUMERATED {	undefined,
								requestedMeasurementNotAvailable,
								notAllrequestedMeasurementsPossible,
								...
							},
	rsrpMeasurementNotPossible				NULL		OPTIONAL,
	rsrqMeasurementNotPossible				NULL		OPTIONAL,
	ueRxTxMeasurementNotPossible			NULL		OPTIONAL,
	...,
	[[
	 nrsrpMeasurementNotPossible-r14		NULL		OPTIONAL,
	 nrsrqMeasurementNotPossible-r14		NULL		OPTIONAL
	]],
	[[
	 nr-ssb-rsrpMeasurementNotPossible-r16		NULL		OPTIONAL,
	 nr-ssb-rsrqMeasurementNotPossible-r16		NULL		OPTIONAL,
	 nr-csi-rsrpMeasurementNotPossible-r16		NULL		OPTIONAL,
	 nr-csi-rsrqMeasurementNotPossible-r16		NULL		OPTIONAL,
	 nr-ssb-rsrp-pbMeasurementNotPossible-r16	NULL		OPTIONAL,
	 nr-ssb-rsrq-pbMeasurementNotPossible-r16	NULL		OPTIONAL
	]]
}

-- ASN1STOP

	ECID-TargetDeviceErrorCauses field descriptions

	cause
This field provides a ECID specific error cause. If the cause value is 'notAllRequestedMeasurementsPossible', the target device was not able to provide all requested ECID measurements (but may be able to provide some measurements). In this case, the target device should include any of the rsrpMeasurementNotPossible, rsrqMeasurementNotPossible, ueRxTxMeasurementNotPossible, nrsrpMeasurementNotPossible, or nrsrqMeasurementNotPossible, nr-ssb-rsrpMeasurementNotPossible, nr-ssb-rsrqMeasurementNotPossible, nr-csi-rsrpMeasurementNotPossible, nr-csi-rsrqMeasurementNotPossible, nr-ssb-rsrp-pbMeasurementNotPossible, or nr-ssb-rsrq-pbMeasurementNotPossible fields, as applicable.



6.5.8	NR-OTDOA Positioning
This subclause defines the information elements for downlink OTDOA positioning for NR, which includes TBS positioning based on DL-PRS signals (TS 38.305 [xx]).
6.5.8.1	NR-OTDOA Assistance Data
–	NR-OTDOA-ProvideAssistanceData
The IE NR-OTDOA-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑assisted and UE-based downlink OTDOA for NR. It may also be used to provide OTDOA positioning specific error reason.
-- ASN1START

NR-OTDOA-ProvideAssistanceData-r16 ::= SEQUENCE {
	nr-dl-prs-AssistanceData-r16		NR-DL-PRS-AssistanceData-r16		OPTIONAL, -- Need ON
	nr-dl-prs-AssistanceDataIndexList-r16	
										NR-DL-PRS-AssistanceDataIndexList-r16
																			OPTIONAL, -- Cond Shared
	nr-PositionCalculationAssistanceData-r16
										NR-PositionCalculationAssistanceData-r16
																			OPTIONAL, -- Need ON
	nr-otdoa-Error-r16					NR-OTDOA-Error-r16					OPTIONAL, -- Need ON
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	Shared
	This field is mandatory present if additional TRPs not included in NR-DL-PRS-AssistanceData are applicable for this NR-OTDOA-ProvideAssistanceData LPP message; otherwise it is not present. 



	NR-OTDOA-ProvideAssistanceData field descriptions

	nr-dl-prs-AssistanceData
This field specifies the assistance data reference and neighbour TRPs and provides the DL-PRS configuration for the TRPs.

	nr-dl-prs-AssistanceDataIndexList
This field specifies additional TRPs which are applicable for this NR-OTDOA-ProvideAssistanceData LPP message. Note, additional TRPs listed in nr-dl-prs-AssistanceDataIndexList but not included in nr-dl-prs-AssistanceData are provided in other ProvideAssistanceData fields (i.e. for other methods).

	nr-PositionCalculationAssistanceData
This field provides TRP information to enable UE-based OTDOA. 
The assistanceDataTRP-List in NR-PositionCalculationAssistanceData is not included when NR-DL-PRS-AssistanceData or NR-DL-PRS-AssistanceDataIndexList is included in this NR-OTDOA-ProvideAssistanceData message, in which case the cell IDs/TRP IDs, DL-PRS Resource Set IDs and DL-PRS Resource IDs for the assistance data reference and neighbour TRPs applies. That is, the ReferenceTRP-id in AssistanceDataTRP-List in NR-PositionCalculationAssistanceData corresponds then to the ReferenceTRP-Info-NR provided in either NR-DL-PRS-AssistanceData or NR-DL-PRS-AssistanceDataIndexList, and the NeighbourTRP-id-List in AssistanceDataTRP-List in NR-PositionCalculationAssistanceData corresponds to the concatenated list of NeighbourTRP-InfoList-NR in NR-DL-PRS-AssistanceData and NR-DL-PRS-AssistanceDataIndexList. 



6.5.8.2	NR-OTDOA Assistance Data Request
–	NR-OTDOA-RequestAssistanceData
The IE NR-OTDOA-RequestAssistanceData is used by the target device to request assistance data from a location server.
-- ASN1START

NR-OTDOA-RequestAssistanceData-r16 ::= SEQUENCE {
	nrPhysCellId-r16	INTEGER (0..1007)											OPTIONAL,
	adType-r16			BIT STRING { dl-prs (0), posCalc (1) } (SIZE (1..8)),
	...
}

-- ASN1STOP

	NR-OTDOA-RequestAssistanceData field descriptions

	nrPhysCellId
This field specifies the NR physical cell identity of the current primary cell of the target device.

	adType
This field specifies the assistance data requested. This is represented by a bit string, with a one-value at the bit position means the particular assistance data is requested; a zero-value means not requested.
Bit 0 indicates that NR DL-PRS assistance data are requested.
Bit 1 indicates that position calculation assistance data are requested.



6.5.8.3	NR-OTDOA Location Information
–	NR-OTDOA-ProvideLocationInformation
The IE NR-OTDOA-ProvideLocationInformation is used by the target device to provide NR-OTDOA location measurements or location estimate to the location server. It may also be used to provide NR-OTDOA positioning specific error reason.
-- ASN1START

NR-OTDOA-ProvideLocationInformation-r16 ::= SEQUENCE {
	nr-otdoaSignalMeasurementInformation-r16 
											NR-OTDOA-SignalMeasurementInformation-r16 	OPTIONAL,
	nr-otdoa-LocationInformation-r16		NR-OTDOA-LocationInformation-r16			OPTIONAL,
	nr-otdoa-Error-r16						NR-OTDOA-Error-r16							OPTIONAL,
	...
}

-- ASN1STOP

6.5.8.4	NR-OTDOA Location Information Elements
–	NR-OTDOA-SignalMeasurementInformation
The IE NR-OTDOA-SignalMeasurementInformation is used by the target device to provide NR-RSTD measurements to the location server. The NR-RSTD measurements are provided for a neighbour TRP and the NR-RSTD reference TRP, both of which are provided in the IE NR-OTDOA-ProvideAssistanceData. The NR-RSTD reference TRP may or may not be the same as the assistance data reference TRP provided in IE NR-OTDOA-ProvideAssistanceData.
-- ASN1START

NR-OTDOA-SignalMeasurementInformation-r16 ::= SEQUENCE {
	systemFrameNumber-r16			BIT STRING (SIZE (10)),
	nrTRP-ID-Ref-r16				NR-TRP-ID-r16,
	referenceQuality-r16			NR-MeasQuality-r16					OPTIONAL,
	dl-prs-resourceSetId-Ref-r16	INTEGER (FFS)						OPTIONAL,
	dl-prs-resourceId-Ref-r16		INTEGER (FFS)						OPTIONAL,
	neighbourMeasurementList-NR-r16	NeighbourMeasurementList-NR-r16,
	...
}

NeighbourMeasurementList-NR-r16 ::= SEQUENCE (SIZE(1..maxTRP-r16)) OF 
														NeighbourMeasurementElement-NR-r16

NeighbourMeasurementElement-NR-r16 ::= SEQUENCE {
	nrTRP-ID-Neighbour-r16			NR-TRP-ID-r16,
	nrOTDOA-MeasList-r16			NR-OTDOA-MeasList-r16,
	...
}

NR-OTDOA-MeasList-r16 ::= SEQUENCE {
	nr-otdoa-MeasPerResourceSets-r16	SEQUENCE (SIZE(1..maxResourceSets-r16)) OF 
											NR-OTDOA-MeasPerResourceSet-r16,
	...
}

NR-OTDOA-MeasPerResourceSet-r16 ::= SEQUENCE {
	dl-prs-resourceSetId-r16		INTEGER (FFS)									OPTIONAL,
	nr-otdoa-MeasPerResources-r16	SEQUENCE (SIZE(1..maxResources-r16)) OF  
											NR-OTDOA-MeasPerResource-r16,
	...
}

NR-OTDOA-MeasPerResource-r16 ::= SEQUENCE {
	dl-PRS-ResourceID-r16 				INTEGER (FFS)								OPTIONAL,
	nr-rstd-r16							INTEGER (FFS),
	nr-rstd-Quality-r16					NR-MeasQuality-r16							OPTIONAL,
	dl-prs-rsrp-r16						INTEGER (FFS)								OPTIONAL,
	dl-prs-rsrp-Quality-r16				NR-MeasQuality-r16							OPTIONAL,
	...
}

-- ASN1STOP

	NR-OTDOA-SignalMeasurementInformation field descriptions

	

	

	

	



–	NR-OTDOA-LocationInformation
The IE NR-OTDOA-LocationInformation is included by the target device when location information derived using OTDOA or hybrid OTDOA and other methods is provided to the location server.
-- ASN1START

NR-OTDOA-LocationInformation-r16 ::= SEQUENCE {
	measurementReferenceTime-r16	CHOICE {
			systemFrameNumber-r16			NR-SFN-Time-r16,
			utc-time-r16					UTCTime,
			...
			}															OPTIONAL,
	...
}

-- ASN1STOP

	NR-OTDOA-LocationInformation field descriptions

	measurementReferenceTime
This field specifies the time for which the location estimate is valid.



6.5.8.5	NR-OTDOA Location Information Request
–	NR-OTDOA-RequestLocationInformation
The IE NR-OTDOA-RequestLocationInformation is used by the location server to request NR-OTDOA location measurements or a location estimate from a target device. Details of the required measurements (e.g. details of assistance data reference TRP and neighbour TRPs) are conveyed in the NR-OTDOA-ProvideAssistanceData IE in a separate Provide Assistance Data message.
-- ASN1START

NR-OTDOA-RequestLocationInformation-r16 ::= SEQUENCE {
	assistanceAvailability-r16		BOOLEAN,
	...
}

-- ASN1STOP

	NR-OTDOA-RequestLocationInformation field descriptions

	assistanceAvailability
This field indicates whether the target device may request additional NR-OTDOA assistance data from the server. TRUE means allowed and FALSE means not allowed.



6.5.8.6	NR-OTDOA Capability Information
–	NR-OTDOA-ProvideCapabilities
The IE NR-OTDOA-ProvideCapabilities is used by the target device to indicate its capability to support NR-OTDOA and to provide its NR-OTDOA positioning capabilities to the location server.
-- ASN1START

NR-OTDOA-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-otdoa-Mode-r16		BIT STRING {	ue-assisted-r16		(0),
											ue-based-r16		(1) } (SIZE (1..8)),
	periodicalReporting-r16				PositioningModes								OPTIONAL,
	prs-based-tbs-r16					ENUMERATED { supported }						OPTIONAL,
	...
}

-- ASN1STOP

	NR-OTDOA-ProvideCapabilities field descriptions

	nr-otdoa-Mode
This field specifies the NR-OTDOA mode(s) supported by the target device. This is represented by a bit string, with a one value at the bit position means the particular NR-OTDOA mode is supported; a zero value means not supported. 
ue-assisted: 	Bit 0 indicates that the target device supports UE-assisted NR-OTDOA and NR DL-PRS.
ue-based: 		Bit 1 indicates that the target device supports UE-based NR-OTDOA and NR DL-PRS.

	periodicalReporting
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	prs-based-tbs
This field, if present, indicates that the target device supports NR-RSTD measurements for DL-PRS-only TPs.



6.5.8.7	NR-OTDOA Capability Information Request
–	NR-OTDOA-RequestCapabilities
The IE NR-OTDOA-RequestCapabilities is used by the location server to request the capability of the target device to support NR-OTDOA and to request NR-OTDOA positioning capabilities from a target device.
-- ASN1START

NR-OTDOA-RequestCapabilities ::= SEQUENCE {
	...
}

-- ASN1STOP

6.5.8.8	NR-OTDOA Error Elements
–	NR-OTDOA-Error
The IE NR-OTDOA-Error is used by the location server or target device to provide NR-OTDOA error reasons to the target device or location server, respectively.
-- ASN1START

NR-OTDOA-Error-r16 ::= CHOICE {
	locationServerErrorCauses-r16		NR-OTDOA-LocationServerErrorCauses-r16,
	targetDeviceErrorCauses-r16			NR-OTDOA-TargetDeviceErrorCauses-r16,
	...
}

-- ASN1STOP

–	NR-OTDOA-LocationServerErrorCauses
The IE NR-OTDOA-LocationServerErrorCauses is used by the location server to provide NR-OTDOA error reasons to the target device.
-- ASN1START

NR-OTDOA-LocationServerErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED	{	undefined,
									assistanceDataNotSupportedByServer,
									notProvidedAssistanceDataNotSupportedByServer,
									assistanceDataSupportedButCurrentlyNotAvailableByServer,
									...
								},
	...
}

-- ASN1STOP

–	NR-OTDOA-TargetDeviceErrorCauses
The IE NR-OTDOA-TargetDeviceErrorCauses is used by the target device to provide NR-OTDOA error reasons to the location server.
-- ASN1START

NR-OTDOA-TargetDeviceErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED {	undefined,
									assistanceDataMissing
									unableToMeasureAnyTRP
									thereWereNotEnoughSignalsReceivedForUeBasedOtdoa,
									locationCalculationAssistanceDataMissing,
									...
								},
	...
}

-- ASN1STOP

6.5.9	Multi-RTT Positioning
This subclause defines the information elements for Multi-RTT positioning.
6.5.9.1	Multi-RTT Assistance Data
–	MRTT-ProvideAssistanceData
The IE MRTT-ProvideAssistanceData is used by the location server to provide assistance data to enable Multi-RTT positioning. It may also be used to provide Multi-RTT positioning specific error reason.
-- ASN1START

MRTT-ProvideAssistanceData-r16 ::= SEQUENCE {
	nr-dl-prs-AssistanceData-r16	NR-DL-PRS-AssistanceData-r16		OPTIONAL,	-- Need ON
	nr-dl-prs-AssistanceDataIndexList-r16	
									NR-DL-PRS-AssistanceDataIndexList-r16
																		OPTIONAL,	-- Cond Shared

	nr-ul-prs-AssistanceData-r16	NR-UL-PRS-Info-r16					OPTIONAL,	-- Need ON
	mrtt-Error-r16					MRTT-Error-r16						OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	Shared
	This field is mandatory present if additional TRPs not included in NR-DL-PRS-AssistanceData are applicable for this MRTT-ProvideAssistanceData LPP message; otherwise it is not present.



	MRTT-ProvideAssistanceData field descriptions

	nr-dl-prs-AssistanceData
This field specifies the assistance data TRPs and provides the DL-PRS configuration for the TRPs.

	nr-dl-prs-AssistanceDataIndexList
This field specifies additional TRPs which are applicable for this MRTT-ProvideAssistanceData LPP message. Note, additional TRPs listed in nr-dl-prs-AssistanceDataIndexList but not included in nr-dl-prs-AssistanceData are provided in other ProvideAssistanceData fields (i.e. for other methods).

	nr-ul-prs-AssistanceData 
This field provides UL-PRS configuration information.



6.5.9.2	Multi-RTT Assistance Data Request
–	MRTT-RequestAssistanceData
The IE MRTT-RequestAssistanceData is used by the target device to request assistance data from a location server.
-- ASN1START

MRTT-RequestAssistanceData-r16 ::= SEQUENCE {
	nrPhysCellId-r16	INTEGER (0..1007)			OPTIONAL,
	adType-r16			BIT STRING { dl-prs (0), ul-prs (1) } (SIZE (1..8)),
	...
}

-- ASN1STOP

	MRTT-RequestAssistanceData field descriptions

	nrPhysCellId
This field specifies the NR physical cell identity of the current primary cell of the target device.

	adType
This field specifies the assistance data requested. This is represented by a bit string, with a one-value at the bit position means the particular assistance data is requested; a zero-value means not requested.
Bit 0 indicates that NR DL-PRS assistance data are requested.
Bit 1 indicates that NR UL-PRS assistance data are requested.



6.5.9.3	Multi-RTT Location Information
–	MRTT-ProvideLocationInformation
The IE MRTT-ProvideLocationInformation is used by the target device to provide Multi-RTT location measurements to the location server. It may also be used to provide Multi-RTT positioning specific error reason.
-- ASN1START

MRTT-ProvideLocationInformation-r16 ::= SEQUENCE {
	mrtt-SignalMeasurementInformation-r16	MRTT-SignalMeasurementInformation-r16	OPTIONAL,
	mrtt-Error-r16							MRTT-Error-r16							OPTIONAL,
	...
}

-- ASN1STOP

6.5.9.4	Multi-RTT Location Information Elements
–	MRTT-SignalMeasurementInformation
The IE MRTT-SignalMeasurementInformation is used by the target device to provide UE Rx-Tx Time Difference measurements to the location server. The UE Rx-Tx Time Difference measurements are provided for the TRPs indicated in the IE NR-DL-PRS-AssistanceData carried in IE MRTT-ProvideAssistanceData.
-- ASN1START

MRTT-SignalMeasurementInformation-r16 ::= SEQUENCE {
	systemFrameNumber-r16			NR-SFN-Time-r16,
	mrtt-MeasInfoList-r16			MRTT-MeasInfoList-r16,
	...
}

MRTT-MeasInfoList-r16 ::= SEQUENCE (SIZE(1..maxTRP-r16)) OF MRTT-MeasInfoElement-r16

MRTT-MeasurementElement-r16 ::= SEQUENCE {
	nrTRP-ID-r16					NR-TRP-ID-r16,
	mrtt-MeasList-r16				MRTT-MeasList-r16,
	...
}

MRTT-MeasList-r16 ::= SEQUENCE {
	mrtt-MeasPerResourceSets-r16	SEQUENCE (SIZE(1..maxResourceSets-r16)) OF 
											MRTT-MeasPerResourceSet-r16,
	...
}

MRTT-MeasPerResourceSet-r16 ::= SEQUENCE {
	dl-prs-resourceSetId-r16			INTEGER (FFS)							OPTIONAL,
	mrtt-MeasPerResources-r16			SEQUENCE (SIZE(1..maxResources-r16)) OF 
													MRTT-MeasPerResource-r16,
	...
}

MRTT-MeasPerResource-r16 ::= SEQUENCE {
	dl-PRS-ResourceID-r16 				INTEGER (FFS)							OPTIONAL,
	ue-RxTxTimeDiff-r16					INTEGER (FFS),
	ue-RxTxTimeDiff-Quality-r16			NR-MeasQuality-r16						OPTIONAL,
	dl-prs-rsrp-r16						INTEGER (FFS)							OPTIONAL,
	dl-prs-rsrp-Quality-r16				NR-MeasQuality-r16						OPTIONAL,
	...
}
	

-- ASN1STOP

	MRTT-SignalMeasurementInformation field descriptions

	

	

	



6.5.9.5	Multi-RTT Location Information Request
–	MRTT-RequestLocationInformation
The IE MRTT-RequestLocationInformation is used by the location server to request Multi-RTT location measurements and UL-PRS transmission from a target device. Details of the required measurements (e.g. details of assistance data TRPs) and UL-PRS are conveyed in the IE MRTT-ProvideAssistanceData in a separate Provide Assistance Data message.
-- ASN1START

MRTT-RequestLocationInformation-r16 ::= SEQUENCE {
	assistanceAvailability-r16				BOOLEAN,
	ul-prs-trigger-r16						NR-UL-PRS-Trigger-r16,
	...,
}

-- ASN1STOP

	MRTT-RequestLocationInformation field descriptions

	assistanceAvailability
This field indicates whether the target device may request additional Multi-RTT assistance data from the server. TRUE means allowed and FALSE means not allowed.

	ul-prs-trigger
This field specifies a time and duration for the transmission of UL-PRS according to the IE NR-UL-PRS-Info received in IE MRTT-ProvideAssistanceData.



6.5.9.6	Multi-RTT Capability Information
–	MRTT-ProvideCapabilities
The IE MRTT-ProvideCapabilities is used by the target device to indicate its capability to support Multi-RTT and to provide its Multi-RTT positioning capabilities to the location server.
-- ASN1START

MRTT-ProvideCapabilities-r16 ::= SEQUENCE {
	mrtt-Mode-r16					BIT STRING { ue-assisted	(0)} (SIZE (1..8)),
	periodicalReporting-r16			ENUMERATED { supported }						OPTIONAL,
	prs-based-tbs-r16				ENUMERATED { supported }						OPTIONAL,
	...,
}

-- ASN1STOP

	MRTT-ProvideCapabilities field descriptions

	mrtt-Mode 
This field specifies the Multi-RTT mode(s) supported by the target device. This is represented by a bit string, with a one value at the bit position means the particular Multi-RTT mode is supported; a zero value means not supported. 
ue-assisted:		Bit 0 indicates that the target device supports UE-assisted Multi-RTT and NR DL-PRS and NR-UL-						PRS.

	periodicalReporting
This field, if present, indicates that the target device supports periodicalReporting of Multi-RTT measurements. If this field is absent, the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	prs-based-tbs
This field, if present, indicates that the target device supports UE Rx-Tx time Difference measurements for PRS-only TRPs.



6.5.9.7	Multi-RTT Capability Information Request
–	MRTT-RequestCapabilities
The IE MRTT-RequestCapabilities is used by the location server to request the capability of the target device to support Multi-RTT and to request Multi-RTT positioning capabilities from a target device.
-- ASN1START

MRTT-RequestCapabilities-r16 ::= SEQUENCE {
	...
}

-- ASN1STOP

6.5.9.8	Multi-RTT Error Elements
–	MRTT-Error
The IE MRTT-Error is used by the location server or target device to provide Multi-RTT error reasons to the target device or location server, respectively.
-- ASN1START

MRTT-Error-r16 ::= CHOICE {
	locationServerErrorCauses-r16		MRTT-LocationServerErrorCauses-r16,
	targetDeviceErrorCauses-r16			MRTT-TargetDeviceErrorCauses-r16,
	...
}

-- ASN1STOP

–	MRTT-LocationServerErrorCauses
The IE MRTT-LocationServerErrorCauses is used by the location server to provide Multi-RTT error reasons to the target device.
-- ASN1START

MRTT-LocationServerErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED	{	undefined,
									assistanceDataNotSupportedByServer,
									assistanceDataSupportedButCurrentlyNotAvailableByServer,
									...
								},
	...
}

-- ASN1STOP

–	MRTT-TargetDeviceErrorCauses
The IE MRTT-TargetDeviceErrorCauses is used by the target device to provide Multi-RTT error reasons to the location server.
-- ASN1START

MRTT-TargetDeviceErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED {	undefined,
									dlAssistanceDataMissing,
									ulAssistanceDataMissing,
									unableToMeasureAnyTRP,
									...
								},
	...
}

-- ASN1STOP

6.5.10		DL-AOD Positioning
This subclause defines the information elements for DL-AOD positioning.
6.5.10.1	DL-AOD Assistance Data
–	DL-AOD-ProvideAssistanceData
The IE DL-AoD-ProvideAssistanceData is used by the location server to provide assistance data to enable UE-assisted and UE-based DL-AOD. It may also be used to provide DL-AOD positioning specific error reason.
-- ASN1START

DL-AOD-ProvideAssistanceData-r16 ::= SEQUENCE {
	nr-dl-prs-AssistanceData-r16		NR-DL-PRS-AssistanceData-r16		OPTIONAL, -- Need ON
	nr-dl-prs-AssistanceDataIndexList-r16	
										NR-DL-PRS-AssistanceDataIndexList-r16
																			OPTIONAL, -- Cond Shared
	nr-PositionCalculationAssistanceData-r16
										NR-PositionCalculationAssistanceData-r16
																			OPTIONAL, -- Need ON
	dl-aod-Error-r16					DL-AOD-Error-r16					OPTIONAL, -- Need ON
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	Shared
	This field is mandatory present if additional TRPs not included in NR-DL-PRS-AssistanceData are applicable for this DL-AOD-ProvideAssistanceData LPP message; otherwise it is not present.



	DL-AOD-ProvideAssistanceData field descriptions

	nr-dl-prs-AssistanceData
This field specifies the assistance data TRPs and provides the DL-PRS configuration for the TRPs.

	nr-dl-prs-AssistanceDataIndexList
This field specifies additional TRPs which are applicable for this DL-AOD-ProvideAssistanceData LPP message. NOTE: Additional TRPs listed in nr-dl-prs-AssistanceDataIndexList but not included in nr-dl-prs-AssistanceData are provided in other ProvideAssistanceData fields (i.e. for other methods).

	nr-PositionCalculationAssistanceData
This field provides TRP information to enable UE-based DL-AOD. 
The assistanceDataTRP-List in NR-PositionCalculationAssistanceData is not included when NR-DL-PRS-AssistanceData or NR-DL-PRS-AssistanceDataIndexList is included in this DL-AOD-ProvideAssistanceData message, in which case the cell IDs/TRP IDs, DL-PRS Resource Set IDs and DL-PRS Resource IDs for the assistance data TRPs applies. That is, the ReferenceTRP-id in AssistanceDataTRP-List in NR-PositionCalculationAssistanceData corresponds then to the ReferenceTRP-Info-NR provided in either NR-DL-PRS-AssistanceData or NR-DL-PRS-AssistanceDataIndexList, and the NeighbourTRP-id-List in AssistanceDataTRP-List in NR-PositionCalculationAssistanceData corresponds to the concatenated list of NeighbourTRP-InfoList-NR in NR-DL-PRS-AssistanceData and NR-DL-PRS-AssistanceDataIndexList.



6.5.10.2	DL-AOD Assistance Data Request
–	DL-AOD-RequestAssistanceData
The IE DL-AOD-RequestAssistanceData is used by the target device to request assistance data from a location server.
-- ASN1START

DL-AOD-RequestAssistanceData-r16 ::= SEQUENCE {
	nrPhysCellId-r16	INTEGER (0..1007)				OPTIONAL,
	adType-r16			BIT STRING { dl-prs (0), posCalc (1) } (SIZE (1..8)),
	...
}

-- ASN1STOP

	DL-AOD-RequestAssistanceData field descriptions

	nrPhysCellId
This field specifies the NR physical cell identity of the current primary cell of the target device.

	adType
This field specifies the assistance data requested. This is represented by a bit string, with a one-value at the bit position means the particular assistance data is requested; a zero-value means not requested.
Bit 0 indicates that NR DL-PRS assistance data are requested.
Bit 1 indicates that position calculation assistance data are requested.



6.5.10.3	DL-AOD Location Information
–	DL-AOD-ProvideLocationInformation
The IE DL-AOD-ProvideLocationInformation is used by the target device to provide DL-AOD location measurements or location estimate to the location server. It may also be used to provide DL-AOD positioning specific error reason.
-- ASN1START

DL-AOD-ProvideLocationInformation-r16 ::= SEQUENCE {
	dl-aod-SignalMeasurementInformation-r16		DL-AOD-SignalMeasurementInformation-r16	OPTIONAL,
	dl-aod-LocationInformation-r16				DL-AOD-LocationInformation-r16			OPTIONAL,
	dl-aod-Error-r16							DL-AOD-Error-r16						OPTIONAL,
	...
}

-- ASN1STOP

6.5.10.4	DL-AOD Location Information Elements
–	DL-AOD-SignalMeasurementInformation
The IE DL-AOD-SignalMeasurementInformation is used by the target device to provide DL-PRS RSRP measurements to the location server. 
-- ASN1START

DL-AOD-SignalMeasurementInformation-r16 ::= SEQUENCE {
	systemFrameNumber-r16			NR-SFN-Time-r16,
	dl-aod-MeasInfoList-r16			DL-AOD-MeasInfoList-r16,
	...
}

DL-AOD-MeasInfoList-r16 ::= SEQUENCE (SIZE(1..maxTRP-r16)) OF DL-AOD-MeasInfoElement-r16

DL-AOD-MeasInfoElement-r16 ::= SEQUENCE {
	nrTRP-ID-r16					NR-TRP-ID-r16,
	dl-aod-MeasList-r16				DL-AOD-MeasList-r16,
	...
}

DL-AOD-MeasList-r16 ::= SEQUENCE {
	dl-aod-MeasPerResourceSets-r16	SEQUENCE (SIZE(1..maxResourceSets-r16)) OF 
											DL-AOD-MeasPerResourceSet-r16,
	...
}

DL-AOD-MeasPerResourceSet-r16 ::= SEQUENCE {
	dl-prs-resourceSetId-r16			INTEGER (FFS)							OPTIONAL,
	dl-aod-MeasPerResources-r16			SEQUENCE (SIZE(1..maxResources-r16)) OF 
													DL-AOD-MeasPerResource-r16,
	...
}

DL-AOD-MeasPerResource-r16 ::= SEQUENCE {
	dl-PRS-ResourceID-r16 				INTEGER (FFS)							OPTIONAL,
	dl-prs-rsrp-r16						INTEGER (FFS),
	dl-prs-rsrp-Quality-r16				NR-MeasQuality-r16						OPTIONAL,
	...
}
	

-- ASN1STOP

	DL-AOD-SignalMeasurementInformation field descriptions

	

	

	



–	DL-AOD-LocationInformation
The IE DL-AOD-LocationInformation is included by the target device when location information derived using DL-AOD or hybrid DL-AOD and other methods is provided to the location server.
-- ASN1START

DL-AOD-LocationInformation-r16 ::= SEQUENCE {
	measurementReferenceTime-r16	CHOICE {
			systemFrameNumber-r16			NR-SFN-Time-r16,
			utc-time-r16					UTCTime,
			...
			}															OPTIONAL,
	...
}

-- ASN1STOP

	DL-AOD-LocationInformation field descriptions

	measurementReferenceTime
This field specifies the time for which the location estimate is valid.



6.5.10.5	DL-AOD Location Information Request
–	DL-AOD-RequestLocationInformation
The IE DL-AOD-RequestLocationInformation is used by the location server to request DL-AOD location measurements or a location estimate from a target device. Details of the required measurements (e.g. details of assistance data TRPs) are conveyed in the IE DL-AOD-ProvideAssistanceData in a separate Provide Assistance Data message.
-- ASN1START

DL-AOD-RequestLocationInformation-r16 ::= SEQUENCE {
	assistanceAvailability-r16				BOOLEAN,
	...,
}

-- ASN1STOP

	DL-AOD-RequestLocationInformation field descriptions

	assistanceAvailability
This field indicates whether the target device may request additional DL-AOD assistance data from the server. TRUE means allowed and FALSE means not allowed.



6.5.10.6	DL-AOD Capability Information
–	DL-AOD-ProvideCapabilities
The IE DL-AOD-ProvideCapabilities is used by the target device to indicate its capability to support DL-AOD and to provide its DL-AOD positioning capabilities to the location server.
-- ASN1START

DL-AOD-ProvideCapabilities-r16 ::= SEQUENCE {
	dl-aod-Mode-r16					BIT STRING { ue-assisted	(0),
										 		 ue-based		(1) } (SIZE (1..8)),
	periodicalReporting-r16			PositioningModes								OPTIONAL,
	prs-based-tbs-r16				ENUMERATED { supported }						OPTIONAL,
	...,
}

-- ASN1STOP

	DL-AOD-ProvideCapabilities field descriptions

	dl-aod-Mode 
This field specifies the DL-AOD mode(s) supported by the target device. This is represented by a bit string, with a one value at the bit position means the particular DL-AOD mode is supported; a zero value means not supported. 
ue-assisted:		Bit 0 indicates that the target device supports UE-assisted DL-AOD and NR DL-PRS.
ue-based:			Bit 1 indicates that the target device supports UE-based DL-AOD and NR DL-PRS.

	periodicalReporting
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	prs-based-tbs
This field, if present, indicates that the target device supports DL-PRS RSRP measurements for PRS-only TRPs.



6.5.10.7	DL-AOD Capability Information Request
–	DL-AOD-RequestCapabilities
The IE DL-AOD-RequestCapabilities is used by the location server to request the capability of the target device to support DL-AOD and to request DL-AOD positioning capabilities from a target device.
-- ASN1START

DL-AOD-RequestCapabilities-r16 ::= SEQUENCE {
	...
}

-- ASN1STOP

6.5.10.8	DL-AOD Error Elements
–	DL-AOD-Error
The IE DL-AOD-Error is used by the location server or target device to provide DL-AOD error reasons to the target device or location server, respectively.
-- ASN1START

DL-AOD-Error-r16 ::= CHOICE {
	locationServerErrorCauses-r16		DL-AOD-LocationServerErrorCauses-r16,
	targetDeviceErrorCauses-r16			DL-AOD-TargetDeviceErrorCauses-r16,
	...
}

-- ASN1STOP

–	DL-AOD-LocationServerErrorCauses
The IE DL-AOD-LocationServerErrorCauses is used by the location server to provide DL-AOD error reasons to the target device.
-- ASN1START

DL-AOD-LocationServerErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED	{	undefined,
									assistanceDataNotSupportedByServer,
									notProvidedAssistanceDataNotSupportedByServer,
									assistanceDataSupportedButCurrentlyNotAvailableByServer,
									...
								},
	...
}

-- ASN1STOP

–	DL-AOD-TargetDeviceErrorCauses
The IE DL-AOD-TargetDeviceErrorCauses is used by the target device to provide DL-AOD error reasons to the location server.
-- ASN1START

DL-AOD-TargetDeviceErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED {	undefined,
									assistance-data-missing,
									unableToMeasureAnyTRP,
									thereWereNotEnoughSignalsReceivedForUeBasedDL-AOD,
									locationCalculationAssistanceDataMissing,
									...
								},
	...
}

-- ASN1STOP

6.5.11	Uplink Positioning
This subclause defines the information elements for NR uplink positioning.
6.5.11.1	Uplink Assistance Data
–	UL-ProvideAssistanceData
The IE UL-ProvideAssistanceData is used by the location server to provide assistance data to enable Uplink Positioning (AOA, UTDOA). It may also be used to provide uplink positioning specific error reason.
-- ASN1START

UL-ProvideAssistanceData ::= SEQUENCE {
	nr-ul-prs-AssistanceData-r16-r16	NR-UL-PRS-Info-r16			OPTIONAL,	-- Need ON
	ul-Error-r16						UL-Error-r16				OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

6.5.11.2	Uplink Assistance Data Request
–	UL-RequestAssistanceData
The IE UL-RequestAssistanceData is used by the target device to request assistance data from a location server.
-- ASN1START

UL-RequestAssistanceData-r16 ::= SEQUENCE {
	nrPhysCellId-r16		INTEGER (0..1007)		OPTIONAL,
	...
}

-- ASN1STOP

	UL-RequestAssistanceData field descriptions

	nrPhysCellId
This field specifies the NR physical cell identity of the current primary cell of the target device.



6.5.11.3	Uplink Location Information
–	UL-ProvideLocationInformation
The IE UL-ProvideLocationInformation is used by the target device to indicate to the location server successful completion of NR UL-PRS transmission. It may also be used to provide uplink positioning specific error reason.
-- ASN1START

UL-ProvideLocationInformation-r16 ::= SEQUENCE {
	ul-PRS-Completion-r16					ENUMERATED { success }			OPTIONAL,
	ul-Error-r16							UL-Error-r16					OPTIONAL,
	...
}

-- ASN1STOP

6.5.11.4	Uplink Location Information Request
–	UL-RequestLocationInformation
The IE UL-RequestLocationInformation is used by the location server to request UL-PRS transmission from a target device. Details of the required UL-PRS transmission are conveyed in the IE UL-ProvideAssistanceData a separate Provide Assistance Data message.
-- ASN1START

UL-RequestLocationInformation-r16 ::= SEQUENCE {
	assistanceAvailability-r16				BOOLEAN,
	ul-prs-trigger-r16						NR-UL-PRS-Trigger-r16,
	...,
}

-- ASN1STOP

	UL-RequestLocationInformation field descriptions

	assistanceAvailability
This field indicates whether the target device may request additional UL-PRS assistance data from the server. TRUE means allowed and FALSE means not allowed.

	ul-prs-trigger
This field specifies a time and duration for the transmission of UL-PRS according to the IE NR-UL-PRS-Info received in IE UL-ProvideAssistanceData.



6.5.11.5	Uplink Capability Information
–	UL-ProvideCapabilities
The IE UL-ProvideCapabilities is used by the target device to indicate its capability to support Uplink Positioning and to provide its Uplink positioning capabilities to the location server.
-- ASN1START

UL-ProvideCapabilities-r16 ::= SEQUENCE {
	ul-Mode-r16			BIT STRING { ul-prs	(0) } (SIZE (1..8)),
	...,
}

-- ASN1STOP

	UL-ProvideCapabilities field descriptions

	ul-Mode 
This field specifies the UL positioning mode(s) supported by the target device. This is represented by a bit string, with a one value at the bit position means the particular UL positioning mode is supported; a zero value means not supported. 
ul-prs:		Bit 0 indicates that the target device supports NR UL-PRS.



6.5.11.6	Uplink Capability Information Request
–	UL-RequestCapabilities
The IE UL-RequestCapabilities is used by the location server to request the capability of the target device to support UL Positioning and to request UL positioning capabilities from a target device.
-- ASN1START

UL-RequestCapabilities-r16 ::= SEQUENCE {
	...
}

-- ASN1STOP

6.5.11.7	Uplink Error Elements
–	UL-Error
The IE UL-Error is used by the location server or target device to provide UL error reasons to the target device or location server, respectively.
-- ASN1START

UL-Error-r16 ::= CHOICE {
	locationServerErrorCauses-r16		UL-LocationServerErrorCauses-r16,
	targetDeviceErrorCauses-r16			UL-TargetDeviceErrorCauses-r16,
	...
}

-- ASN1STOP

–	UL-LocationServerErrorCauses
The IE UL-LocationServerErrorCauses is used by the location server to provide UL Positioning error reasons to the target device.
-- ASN1START

DL-AOD-LocationServerErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED	{	undefined,
									assistanceDataNotSupportedByServer,
									assistanceDataSupportedButCurrentlyNotAvailableByServer,
									...
								},
	...
}

-- ASN1STOP

–	UL-TargetDeviceErrorCauses
The IE UL-TargetDeviceErrorCauses is used by the target device to provide UL Positioning error reasons to the location server.
-- ASN1START

UL-TargetDeviceErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED {	undefined,
									ulAssistanceDataMissing,
[bookmark: _GoBack]									...
								},
	...
}

-- ASN1STOP
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