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[bookmark: _Ref349588338]1. 	Introduction 
TDOA 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 TRP time synchronization. 
Round-Trip-Time (RTT) positioning uses two-way time-of-arrival measurements and requires in principle no time synchronization between TRPs. 
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 TDOA 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. 
[image: ]
Figure 1: Principle of RTT-based Ranging.
The measurements to support Multi-RTT ranging are the UE Rx-Tx Time Difference Measurement ((t3-t0) in Figure 1) and the gNB Rx-Tx Time Difference Measurement ((t1-t2) in Figure 1), as mentioned in the LS from RAN1 [1]:
	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

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



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

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



Therefore, Multi-RTT requires both, DL-PRS and UL-PRS (SRS for positioning) at the same time, as also illustrated in Figure 1. One may consider Multi-RTT as an (independent) combination of DL- and UL-based positioning. However, this is not really the case, since there must be a tight coordination between UL- and DL-measurements at both, UE and gNBs/TRPs (however, the opposite is true; i.e., DL-only and UL-only can be considered as special cases of Multi-RTT [2]). 
In general, all measurements that go into generating a position fix should be made concurrently.  If measurements from different points in time are used for generating a position fix, UE motion as well as changes to UE clock and TRP clocks would result in measurement errors that ultimately produce position errors. 
When it comes to Multi-RTT, it should be possible to conduct and associate as close in time as possible the RxTx Time Difference Measurements produced by the UE with the RxTx Time Difference Measurements produced by the corresponding TRPs.  The Multi-RTT positioning procedures must allow a coordination of the DL-PRS and UL-PRS measurement times accordingly.  
In this contribution, we discuss the Stage 2 details for Multi-RTT positioning, and propose a TP for the 38.305 running CR. 

2. 	Information that may be transferred between NW and UE 
The current list of higher layer parameters for NR Positioning is provided by RAN1 in [3]. The list in [3] summarizes the parameter for the DL-PRS and UL-PRS (SRS for positioning). Although, this list is not complete and requires further work in RAN1, the Table 1 and 2 below summarizes the parameter extracted from [3] for the DL-PRS and UL-PRS assistance data, respectively.  The Information is structured according to the anticipated (logical) hierarchy level in the ASN.1 with different indentations for each level. 
The DL-PRS information includes the DL-PRS and timing Info for the candidate TRPs. The candidate TRPs should be provided for a list of assistance data neighbour TRPs and a assistance data reference TRP such that an expected RSTD or SFN offset can be defined (analogous to LTE).
As can be seen from Table 1, the DL-PRS Information may also include information about SSBs of TRPs, in particular the ss-PBCH-BlockPower and the time/frequency occupancy of the SSB in case the source RS for the DL-PRS-QCL-Info is an SSB. 
The information required for the DL-PRS can be delivered from the TRPs to the LMF using NRPPa signalling. Additional TRP configuration information would be required for position calculation.  The TRP Configuration Information required for Multi-RTT positioning generally comprise the following:
-	Identities of the TRPs served by the gNB; e.g., a {TRP ID, cell ID} pair, where the cell ID is optional (i.e., not defined if the TRP is part of a positioning-only gNB-DU without cell service).
-	The TRP capabilities in terms of TP, RP or TP and RP functionality. 
-	Geographical locations of the Antenna Reference Point (ARP) of the DL-PRS Resource Sets/Resources of the TRP. 
NOTE:	As discussed in [5], the geographical location of the TRP may not always be accurate in case of different antennas, different antenna panels, or antennas within a panel are used for a DL-PRS Resource.
	-	Spatial direction information of the DL-PRS Resources of the TRP.
NOTE:	The RAN1 parameter list [3] includes the DL-PRS-ResourceAzimuthAngle and DL-PRS-ResourceElevationAngle. Additional information such as e.g. beamwidth should be provided as well. 
-	Timing information of the TRP. This may be defined similar to LTE as an (absolute) SFN Initialization Time (e.g., relative to UTC or GNSS time).
-	SSB information of the TRP (if the TRP is not part of a positioning-only gNB-DU), including the SSB TX power and the time/frequency occupancy.
-	DL-PRS Info as summarized in Table 1.


Table 1: DL-PRS Information required at the UE. 
	Information
	Comments

	List of Candidate TRPs for DL measurements
(serving, reference, neighbour)
	Candidate TRPs are selected by an LMF; e.g., based on serving cell information, QoS, UE and TRP capabilities, etc. For Multi-RTT, the selected TRPs must also be capable of UL-PRS measurements.

	-	DL-PRS-SFN0-Offset (SFN offset with respect to 	reference)
	Can be provided relative to an Assistance Data Reference TRP.

	-	DL-PRS-expectedRSTD
	Can be provided relative to an Assistance Data Reference TRP.
Calculated at LMF based on a-priori UE location

	-	DL-PRS-expectedRSTD-uncertainty
	Can be provided relative to an Assistance Data Reference TRP.
Calculated at LMF based on a-priori UE location

	-	ss-PBCH-BlockPower
	SSB TX power

	-	DL-PRS Info for the candidate TRPs:
	Compiled by the LMF based on information provided from each TRP (e.g., via NRPPa or OAM).

		- 	DL–PRS- PositioningFrequencyLayer
	TRP assistance data can be grouped per frequency layer so that this information is not needed for each TRP in the assistance data list.

			-	DL-PRS-SubcarrierSpacing
	

			-	DL-PRS-CyclicPrefix
	

			-	DL-PRS-ResourceBandwidth
	FFS in RAN1: (a) per FreqLayer; (b) per Set

			-	DL-PRS-StartPRB
	FFS in RAN1: (a) per FreqLayer; (b) per Set

			-	DL-PRS-PointA
	

		-	DL-PRS-CombSizeN
	FFS in RAN1: (a) per TRP;  (b) per FreqLayer;(c) per Set

		- 	List of DL-PRS Resource Sets 
	

			-	DL-PRS-ResourceSetId
	

			-	DL-PRS-Periodicity
	

			-	DL-PRS-ResourceRepetitionFactor
	

			-	DL-PRS-ResourceTimeGap
	

			-	DL-PRS-ResourceSetSlotOffset
	

			-	DL-PRS-NumSymbols
	

			-	DL-PRS-MutingPattern
	

			-	DL-PRS-ResourcePower
	

			-	List of DL-PRS Resources per Set
	

				-	DL-PRS-ResourceId
	

				-	DL-PRS-SequenceId
	

				-	DL-PRS-ReOffset
	

				-	DL-PRS-ResourceSlotOffset
	

				-	DL-PRS-ResourceSymbolOffset
	

				-	DL-PRS-QCL-Info
	

					-	Type D
	

						-	SSB
	

							-	time/frequency occupancy of
							SSB
	The time/frequency occupancy of the SSB is provided if the source RS for the DL-PRS-QCL-Info is an SSB. 

						-	DL-PRS
	

							-	ID of DL-PRS 
	The time/frequency occupancy of the DL-PRS should already be included in the assistance data list. An index to the particular DL-PRS seems sufficient.

					-	Type C: SSB
	

							- 	time/frequency occupancy of
							SSB
	The time/frequency occupancy of the SSB is provided if the source RS for the DL-PRS-QCL-Info is an SSB. 




	Table 2: UL-PRS (SRS) Information required at the UE. 
	Information
	Comments

	List of UL-PRS Resource Sets
	Each resource set defines a set of UL-PRS (SRS) Resources.

	-	srsResourceSetId
	

	- 	resourceType 
	periodic, aperiodic, semi-persistent

	- 	alpha 
	for power control

	- 	po
	for power control

	- 	pathlossReferenceRS
	The reference signal to be used for path loss estimation can be a SSB or DL-PRS from serving or neighbour TRP.

		- 	SSB
	

			- 	SSB TX Power
	The SSB TX Power is provided if the pathlossReferenceRS is an SSB.

			- 	time/frequency occupancy of the SSB
	The time/frequency occupancy of the SSB is provided to the UE if the pathlossReferenceRS is an SSB.
Can also be part of DL-PRS Assistance Data.

		- 	DL-PRS
	

			- 	DL-PRS TX Power
	The DL-PRS TX Power is provided if the pathlossReferenceRS is an DL-PRS.

			- 	time/frequency occupancy of the DL-PRS
	The time/frequency occupancy of the DL-PRS is provided to the UE if the pathlossReferenceRS is an DL-PRS.
Part of the DL-PRS Assistance Data.

	-	List of UL-PRS Resources
	

		-	SRS-ResourceId
	

		-	transmissionComb
	

			-	combOffset
	

			-	cyclicShift
	

		-	resourceMapping
	

			-	startPosition
	

			-	nrofSymbols
	

		-	freqDomainShift
	

		-	PeriodicityAndOffset
	

		-	sequenceID
	

		-	spatialRelationInfo
	Configuration of the spatial relation between a reference RS and the target UL-PRS.

			-	UL-PRS (SRS) Resource
	Spatial relation between two UL-PRS resources

				-	Index
	An index to the particular UL-PRS (e.g., ResourceID/SetID)

			-	Serving TRP
	Spatial relation between SSB, CSI-RS or DL-PRS and target UL-PRS is possible.

				-	SSB
	

					-	time/frequency occupancy of the SSB
	The time/frequency occupancy of the SSB is provided to the UE if the source RS for the spatialRelationInfo is an SSB.
Can also be part of DL-PRS Assistance Data.

				-	CSI-RS
	NZP-CSI-RS-ResourceId

					-	FFS in RAN1
	

				-	DL-PRS
	

					-	time/frequency occupancy of the 
					DL-PRS
	The time/frequency occupancy of the DL-PRS is provided to the UE if the source RS for the spatialRelationInfo is an DL-PRS.

			-	Neighbour TRP
	Spatial relation between SSB or DL-PRS and target UL-PRS is possible.

				-	SSB
	

					-	time/frequency occupancy of the SSB
	The time/frequency occupancy of the SSB is provided to the UE if the source RS for the spatialRelationInfo is an SSB.
Can also be part of DL-PRS Assistance Data.

				-	DL-PRS
	

					-	time/frequency occupancy of the
 					DL-PRS
	The time/frequency occupancy of the DL-PRS is provided to the UE if the source RS for the spatialRelationInfo is an DL-PRS.
Part of the DL-PRS Assistance Data.




As specified in [6], for positioning of a target UE, the LMF decides on the positioning methods to be used, based on factors that may include the LCS Client type, the required QoS, UE positioning capabilities, gNB/TRP positioning capabilities, etc. The LMF manages the support of different location services for target UEs, including positioning of UEs and delivery of assistance data to UEs. 
In order to deliver the assistance data for Multi-RTT positioning, the LMF selects a list of candidate TRPs which are appropriate for position location of the target UE. The selection of candidate TRPs is usually performed based on an a-priori location estimate of the target device which is typically based on the serving cell. For Multi-RTT positioning, the neighbour TRP selection also needs to take the TRP capabilities into account (i.e., the TRPs must be DL-PRS transmission capable, and UL-PRS measurement capable). 
Once the LMF has collected the TRP Configuration Information as summarized above, it may calculate additional parameter (e.g., expected RSTD, search window). The DL-PRS information for each selected TRP can then be provided to the target device in an LPP Provide Assistance Data message. Similar to LTE OTDOA, the LPP Provide Assistance Data message can also provide the details of the required measurements (e.g., Resource Sets/Resources to measure). 
Proposal 1:	For Multi-RTT positioning, the DL-PRS information for the candidate TRPs are provided by an LMF to the UE in an LPP Provide Assistance Data message.

For Multi-RTT measurements the UE also requires an UL-PRS (SRS) in order to measure a UE Rx-Tx Time Difference and in order for the selected candidate TRPs to measure the gNB Rx-Tx Time Difference. Therefore, the UL-PRS Information as summarized in Table 2 must be provided to the UE at the same time (before location measurements are requested from the UE and from TRPs). 
The UL-PRS Information summarized in Table 2 includes information elements which are also part of the DL-PRS Information summarized in Table 1. In particular:
	-	SSB information (TX power and time/frequency occupancy) are part of both, DL-PRS and UL-PRS information.
	-	The time/frequency occupancy of DL-PRS are part of both, DL-PRS and UL-PRS information.

Observation 1:	There is overlapping information in the DL-PRS and UL-PRS parameter list. SSB information and some DL-PRS information may be provided in both, DL-PRS and UL-PRS parameter list.

Since the DL-PRS time/frequency occupancy is part of the DL-PRS information in Table 1, and since this information is required anyhow at the UE for DL-PRS measurements for Multi-RTT positioning, the time/frequency occupancy of DL-PRS does not need to be provided as part of the UL-PRS Information. Instead, the UL-PRS Information can include an Index to the DL-PRS in the DL-PRS assistance data list. 

Proposal 2:	The time/frequency occupancy of the DL-PRS required in the UL-PRS (SRS) information is provided as part of the DL-PRS assistance data for Multi-RTT positioning. UL-PRS (SRS) information includes an index/pointer to the relevant information in the DL-PRS assistance data (e.g., DL-PRS Resource Set ID/Resource ID).

The signalling for the SSB Information required in both, DL-PRS and UL-PRS Information, is up to RAN2 to define (indicated as "for RAN2 WG to define" in [3]). For the DL- and UL-PRS this information is required for the spatial relation info (QCL Type D), and for the UL-PRS for the pathloss reference in addition. To provide the time/frequency occupancy of the SSB the following information seems necessary [7]:
Table 3: Parameter defining the SSB Time/Frequency Occupancy.
	Parameter
	Value
	Explanation

	SSB Frequency
	ARFCN-ValueNR
	Center Frequency where the SSB is transmitted

	SFN-SSB Offset
	{0,1,…,15}
	Each TRP may transmit an SSB on a different frame index with a given periodicity. For example, if the periodicity is 20 msec, the SSB may be either in the first frame or the second frame. Note that this is not the SFN offset of the neighbouring TRP with respect to the reference TRP, but rather it is the SFN offset of the SSB of the neigbouring TRP with respect to the SFN0 of that TRP. Since the maximum periodicity is 160 msec, this can take up to 16 values.

	SSB Periodicity
	ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   
	Periodicity of the SSB of the neighbour TRP.

	Half Frame Index
	{0,1}
	The UE can locate the frame that carries the SSB using the SFN-SSB Offset and SSB-Periodicity. The Half Frame Index then defines whether the SSB appears in the first half of the frame or the second.

	SSB Position In Burst
	BIT STRING (SIZE (4)),
BIT STRING (SIZE (8)),
BIT STRING (SIZE (64))                      
	Indicates the time domain positions of the transmitted SS-blocks in a half frame with SS/PBCH blocks as defined in TS 38.213 [7], clause 4.1. The first/leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not transmitted while value 1 indicates that the corresponding SS/PBCH block is transmitted.

	SSB Case Number
	{A,B,C,D,E}
	Defines the subcarrier spacing of the SSB and the case number (Clause 4.1 in 38.213 [7]) which controls, for a half frame with SS/PBCH blocks, the first symbol index for the SS/PBCH blocks. If the value is A, the SCS is 15 kHz, if the value is B or C, the SCS is 30 kHz, if the value is D the SCS is 120 kHz, if the value is E, the SCS is 240 KHz. 
Note that, providing the SCS explicitly without the case number would not be sufficient for the case of 30 kHz since both cases B and C are applicable, and the UE would be required to blindly search for both.



The  time/frequency occupancy of the SSB is embedded in the DL- and UL-PRS parameter list of Table 1 and 2; i.e., shown at a place/parent IE where it logically belongs to. However, this appears inefficient, since the same time/frequency occupancy of the SSB may be provided at multiple places (e.g., the same SSB info may be used as pathloss reference and as QCL Type D source for a particular TRP). Therefore, it appears more efficient to group the SSB Information in a separate IE and use an index/pointer in the DL- and UL-PRS information.  
Proposal 3:	The time/frequency occupancy of the SSBs required in both, DL-PRS and UL-PRS is grouped in a single IE, and a pointer/index is used to reference the required information.

Since the SSB information is required for neighbour TRPs, and the information can be collected by an LMF using NRPPa (see above), it appears logical that the SSB Information is provided to the target UE using LPP signalling.  
Proposal 4:	The time/frequency occupancy of the SSBs required is included in the LPP Provide Assistance Data message for Multi-RTT positioning.

The remaining information that needs to be transferred from the NW to the UE concerns the UL-PRS (SRS) Resource Sets summarized in Table 2. As indicated in [8], RAN1 assumes that this is provided by the serving gNB using RRC signalling, "and that it is up to RAN2 and RAN3 WG’s scope to analyse further the system level aspects along with any further work on the design of higher layer signalling".

For Multi-RTT positioning, using RRC to provide the UL-PRS information would be rather inefficient since the UE would receive two separate messages for information transfer which logically belongs together; i.e., the DL-PRS info via LPP, and the UL-PRS info via RRC. In addition, if LMF Functionality in the RAN (LMC) will be specified [9], and if the signalling between LMC and UE is using LPP, an LMC would have to send two separate messages for DL- and UL-PRS. 

The reason why the UL-PRS (SRS) information should be provided by a serving gNB to a target device is rather unclear. The main reason for this appears to be because SRS configuration is already available in RRC SRS-Config IE and can be provided to the UE in the uplink BWP configuration [10].  However, UL-PRS (aka positioning SRS) is rather different compared to the "normal" SRS for e.g. beam management, etc. As summarized in Table 2 above, the UL-PRS includes neighbour TRP related information and information on additional DL signals, such as SSB and DL-PRS, which must be provided by an LMF (since an LMF selects the proper positioning TRPs). 

Assuming that the DL-PRS information is provided in an LPP Provide Assistance Data message to the target device (Proposal 1), there appears to be no reason why the related UL-PRS Information cannot also be provided in the same message. In particular, since the UL-PRS information must be available at an LMF in any case in order to provide the same information to selected TRPs for the gNB Rx-Tx Time Difference measurements. Note, this does not mean that a LMF "controls" the UL-PRS resources for a target device; this must still be done by a serving gNB. 

The two Options for UL-PRS Information delivery are illustrated in Figure 2. In both Options, the LMF requests the UL-PRS Resource Sets from the serving gNB of the target device. The main difference between Option 1 and Option 2 with respect to the message in Step 1 in Figure 2 is that for Option 1, this message must include "assistance data" for the serving gNB. This assistance data must include all the information about neighbouring cells for which the UL-PRS should be provided to the UE, for example the relevant pathloss reference or spatial relation information of neighbour TRPs as listed in Table 2. The serving gNB would then compile the final UL-PRS Information and provide the result to both, target UE and LMF. The LMF needs this information to configure the neighbour TRPs for the gNB Rx-Tx Time Difference Measurements. The information concerning the DL-PRS would be provided in a separate LPP message for Option 1, which however, also includes information required for the UL-PRS (e.g., the DL-PRS and SSB info for the pathloss reference or spatial relation, as discussed above). The UE need to associate these two messages somehow to properly use the information. 

For Option 2, the steps 1-3 are similar to Option 1 with the difference that step 1 does not include any "assistance data" and the final UL-PRS Information is compiled at the LMF. With this Option, the UE gets the required (and connected) information in a single message. 

Therefore, Option 2 for providing UL-PRS Information is more efficient in terms of signalling overhead, and also less error prone. For example, when requesting the UL-PRS Information with Option 1 at Step 1, the LMF cannot be sure that the "assistance data" provided are selected for suitable TRPs, since the positioning TRPs can only be configured with UL-PRS after Step 4 in Figure 2a (e.g., a selected TRP for which "assistance data" are provided at step 1 may not be able to participate in the UL measurement procedure at the end). This is also the case for Option 2, however, since the final UL-PRS is compiled at the LMF, the LMF just need to recompile the UL-PRS with the new neighbour TRP information. For Option 1 however, the LMF would need to send another UL-PRS Information Request to the serving gNB, which would again have to be provided to the UE. 


Figure 2: Two Options for Providing UL-PRS Information to a Target Device.


Observation 2:	Providing the UL-PRS (SRS) information from an LMF together with the DL-PRS information for the candidate TRPs in the same LPP Provide Assistance Data message to the UE results in more efficient and robust signalling for Multi-RTT. 


Proposal 5:	For Multi-RTT positioning, the UL-PRS information for the target device is provided by an LMF to the UE in an LPP Provide Assistance Data message.



3. 	Location Request 
For requesting location measurements from a target device, the LPP Request Location Information message is used. For performing the UE Rx-Tx Time Difference measurements, the UE requires the DL-PRS assistance data together with the UL-PRS assistance data, as summarized in section 2 above. In addition, the UE needs to transmit the UL-PRS in order to measure the UE Rx-Tx Time Difference and to enable the TRPs to measure the gNB Rx-Tx Time Difference. Therefore, a Location Request for Multi-RTT measurements must also trigger the UL-PRS transmission at the target device. 

Similar to the Rel-15 SRS, the UL-PRS (SRS for positioning) can be configured for periodic, semi‑persistent, or aperiodic transmissions. 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.
Similar to the UL-PRS Information delivery discussed in section 2, RAN1 assumes that the UL-PRS activation follows the Rel-15 procedures. As indicated by RAN1 in [8], the following was agreed by RAN1:

"SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbour cell.
The aperiodic SRS for positioning is triggered by a DCI
-	There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)
-	The support of the reception of aperiodic SRS for positioning by the neighbour cell, is up to decision by RAN2 and RAN3 working groups"
The activation of the UL-PRS should only be required once all selected TRPs have been configured for UL-PRS measurements.  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. With the Rel-15 mechanism, this means that a Location Request for activating UL-PRS transmission at the UE requires NRPPa and lower layer signalling (MAC CE or DCI). Since the DL-PRS measurements (UE Rx-Tx Time Difference measurements) are requested using LPP Request Location Information, a Multi-RTT Location Request would then require separate UL-PRS activation and DL-PRS measurement request as illustrated in Figure 3 below. Similar to the UL-PRS Information delivery discussed in section 2 above, this separation in procedures appears unnecessary, and can be error prone, for example, if the serving gNB delays the UL-PRS activation request, etc. Instead, a single LPP Request Location Information can be used for Multi-RTT positioning to request both, UE Rx-Tx Time Difference Measurements and transmission of UL-PRS, as illustrated in Figure 4.



Figure 3: Location Information Request for Multi-RTT using separate UL-PRS activation.


Figure 4: Location Information Request for Multi-RTT using LPP only.

Observation 3:	The serving gNB cannot autonomously activate or deactivate the UL-PRS, since the activation needs to be coordinated with the measuring gNBs/TRPs.

Observation 4:	Activating UL-PRS using existing REL-15 mechanisms (e.g., MAC CE or DCI) for Multi-RTT positioning results in more signalling overhead.   

Using an LPP Request Location Information for activating the UL-PRS at the same time when requesting the UE measurements also better supports 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. Note, mobility is supported for the DL measurements (UE RxTx Time Difference), because the assistance data and measurements are controlled by an LMF (similar to e.g., OTDOA for LTE). 
This would then also imply that the UE Rx-Tx Time Difference measurements would have to be re-activated after a cell change. Essentially, the Rel-15 mechanism for UL-PRS configuration and activation would result in an abort of the positioning session at handover, which has to be restarted after handover. This appears to be a significant drawback with using the Rel-15 mechanism for UL-PRS positioning. 

Observation 5:	Activating UL-PRS transmission by an LMF using LPP would be more efficient and can better support mobility.
However, using LPP for UL-PRS configuration and activation as described above could result in colliding UL-PRS/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 anyhow determines the UL-PRS Resources as discussed in section 2 (Figure 2), 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 since this can also be decided by the serving gNB. Otherwise (e.g. if collisions would happen after handover), some priority/collision handling rules could be specified.

Proposal 6:	The command to transmit (activate) UL-PRS for Multi-RTT positioning is provided by an LMF to the target device using LPP Location Information procedures.


4. 	Stage 2 Proposal for Multi-RTT Positioning
The  discussion and proposals in the sections above result in the Stage 2 proposal for Multi-RTT positioning as shown in the Annex of this contribution.  The text proposal in the Annex follows the same principles as currently used for other positioning methods in Stage 2. The information required to be transferred between network elements and UE is summarized at a high level, and individual LPP and NRPPa procedures for a specific purpose are discussed separately.  However, since Multi-RTT positioning requires a tight coordination between the indiviudual procedures, an additional section is introduced which shows the order of procedures for a typical Multi-RTT location session.

Proposal 7:	Endorse the attached text proposal for the running Stage 2 CR.


5. 	Summary
In this contribution, we discussed the Stage 2 details for Multi-RTT positioning. The observations and proposals were as follows:
Observation 1:	There is overlapping information in the DL-PRS and UL-PRS parameter list. SSB information and some DL-PRS information may be provided in both, DL-PRS and UL-PRS parameter list.
Observation 2:	Providing the UL-PRS (SRS) information from an LMF together with the DL-PRS information for the candidate TRPs in the same LPP Provide Assistance Data message to the UE results in more efficient and robust signalling for Multi-RTT. 
Observation 3:	The serving gNB cannot autonomously activate or deactivate the UL-PRS, since the activation needs to be coordinated with the measuring gNBs/TRPs.
Observation 4:	Activating UL-PRS using existing REL-15 mechanisms (e.g., MAC CE or DCI) for Multi-RTT positioning results in more signalling overhead.   
[bookmark: _GoBack]Observation 5:	Activating UL-PRS transmission by an LMF using LPP would be more efficient and can better support mobility.


Proposal 1:	For Multi-RTT positioning, the DL-PRS information for the candidate TRPs are provided by an LMF to the UE in an LPP Provide Assistance Data message.
Proposal 2:	The time/frequency occupancy of the DL-PRS required in the UL-PRS (SRS) information is provided as part of the DL-PRS assistance data for Multi-RTT positioning. UL-PRS (SRS) information includes an index/pointer to the relevant information in the DL-PRS assistance data (e.g., DL-PRS Resource Set ID/Resource ID).
Proposal 3:	The time/frequency occupancy of the SSBs required in both, DL-PRS and UL-PRS is grouped in a single IE, and a pointer/index is used to reference the required information.
Proposal 4:	The time/frequency occupancy of the SSBs required is included in the LPP Provide Assistance Data message for Multi-RTT positioning.
Proposal 5:	For Multi-RTT positioning, the UL-PRS information for the target device is provided by an LMF to the UE in an LPP Provide Assistance Data message.
Proposal 6:	The command to transmit (activate) UL-PRS for Multi-RTT positioning is provided by an LMF to the target device using LPP Location Information procedures.
Proposal 7:	Endorse the attached text proposal for the running Stage 2 CR.
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8.x	Multi-RTT positioning
[bookmark: _Toc12632703]8.x.1	General
In the Multi-RTT positioning method, the UE position is estimated based on measurements performed at both, the UE and multiple TRPs. The measurements performed at the UE and TRPs are Rx-minus-Tx time difference measurements of DL and UL positioning reference signals, as specified in TS 38.215 [x]. 
[bookmark: _Toc12632704]8.x.2	Information to be transferred between NG-RAN/5GC Elements
This clause defines the information that may be transferred between LMF and UE/gNB.
[bookmark: _Toc12632705]8.x.2.1	Information that may be transferred from the LMF to UE
The assistance data that may be transferred from the LMF to the UE are listed in Table 8.x.2.1.
Table 8.x.2.1-1: Information that may be transferred from LMF to the UE
	Information 

	Identities of the candidate TRPs for measurement

	DL-PRS configuration of candidate TRPs

	DL timing information together with timing uncertainty of candidate TRPs (search window)

	SSB TX power and SSB time/frequency occupancy of selected TRPs

	UL-PRS configuration



[bookmark: _Toc12632707][bookmark: _Toc12632706]8.x.2.2	Information that may be transferred from the UE to LMF
The information that may be signalled from UE to the LMF is listed in Table 8.x.2.2-1. 
Table 8.x.2.2-1: Information that may be transferred from UE to the LMF
	Information 

	Identity of each measured TRP

	Time stamp of each measurement

	DL-PRS Resource Set ID/DL-PRS Resource ID used for the measurement

	UE Rx-Tx Time Difference measurement

	DL PRS RSRP measurement

	Quality indicator for each measurement



8.x.2.3	Information that may be transferred from the gNB to LMF
The TRP configuration information that may be transferred from the gNB to the LMF is listed in Table 8.x.2.3-1.
Table 8.x.2.3-1: TRP configuration information that may be transferred from gNB to the LMF
	Information 

	Identities of the TRPs served by the gNB

	TRP capabilities

	Geographical locations of the Antenna Reference Point (ARP) of the PRS Resource Sets/Resources of the TRP

	Spatial direction information of the DL-PRS Resources of the TRP

	Timing information of the TRPs

	SSB information of the TRPs (SSB TX power and the time/frequency occupancy)

	DL-PRS Info of the TRP



The UL-PRS configuration information for a target UE that may be transferred from the gNB to the LMF is listed in Table 8.x.2.3-2.
Table 8.x.2.3-2: UL-PRS configuration information that may be transferred from gNB to the LMF
	Information 

	List of UL-PRS Resource Sets



The measurement information that may be signalled from the gNB to the LMF is listed in Table 8.x.2.3-3.
Table 8.x.2.3-3: Measurement information that may be transferred from gNB to LMF
	Information 

	Identity of the TRP

	Time stamp of the measurement

	gNB Rx-Tx time difference measurement

	UL SRS RSRP measurement

	Angle of Arrival (azimuth and elevation)

	Quality indicator for each measurement



8.x.2.4	Information that may be transferred from the LMF to gNB
The information that may be signalled from the LMF to the gNB is listed in table 8.x.2.4-1.
Table 8.x.2.4-1: Information that may be transferred from LMF to gNB
	Information 

	Target TRP identity

	UL-PRS configuration

	UL timing information together with timing uncertainty of candidate TRPs (search window)

	Start time and duration for measurements



[bookmark: _Toc12632708][bookmark: OLE_LINK29][bookmark: OLE_LINK30]8.x.3	Multi-RTT Positioning Procedures
The procedures described in this clause support Multi-RTT positioning measurements obtained by the UE and TRPs.
8.x.3.1	Procedures between LMF and UE
[bookmark: _Toc12632709]8.x.3.1.1	Capability Transfer Procedure
The Capability Transfer procedure for Multi-RTT positioning is described in clause 7.1.2.1.
[bookmark: _Toc12632710]8.x.3.1.2	Assistance Data Transfer Procedure
[bookmark: _Toc12632711]8.x.3.1.2.1	Assistance Data Transfer between LMF and UE
The purpose of this procedure is to enable the LMF to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the LMF (e.g., as part of a positioning procedure).
[bookmark: _Toc12632712]8.x.3.1.2.1.1	LMF initiated Assistance Data Delivery
Figure 8.x.3.1.2.1.1-1 shows the Assistance Data Delivery operations for the Multi-RTT positioning method when the procedure is initiated by the LMF.

Figure 8.x.3.1.2.1.1-1: LMF-initiated Assistance Data Delivery Procedure
(1)	The LMF determines that assistance data needs to be provided to the UE (e.g., as part of a positioning procedure) and sends an LPP Provide Assistance Data message to the UE. This message may include any of the Multi-RTT positioning assistance data defined in Table 8.x.2.1-1.
[bookmark: _Toc12632713]8.x.3.1.2.1.2	UE initiated Assistance Data Transfer
Figure 8.x.3.1.2.1.1-1 shows the Assistance Data Transfer operations for the Multi-RTT positioning method when the procedure is initiated by the UE.

Figure 8.x.3.1.2.1.1-1: UE-initiated Assistance Data Transfer Procedure
(1)	The UE determines that certain Multi-RTT positioning assistance data are desired (e.g., as part of a positioning procedure when the LMF provided assistance data are not sufficient for the UE to fulfil the request) and sends an LPP Request Assistance Data message to the LMF. This request includes an indication of which specific Multi-RTT assistance data are requested (e.g., DL-PRS, UL-PRS, etc.). Additional information concerning the UE's approximate location and serving and neighbour cells may also be provided in the Request Assistance Data message and/or in an accompanying Provide Location Information message to help the LMF provide appropriate assistance data. This additional data may include the UE's last known location if available, the cell IDs of the UE serving NG-RAN node and possibly neighbour NG-RAN nodes, as well as NR E-CID measurements.
(2)	The LMF provides the requested assistance in an LPP Provide Assistance Data message, if available at the LMF. If any of the UE requested assistance data in step (1) are not provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not available at the LMF. If none of the UE requested assistance data in step (1) can be provided by the LMF, return any information that can be provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.
[bookmark: _Toc12632716]8.x.3.1.3	Location Information Transfer Procedure
The purpose of this procedure is to enable the LMF to request position measurements from the UE for Multi-RTT positioning, or to enable the UE to provide location measurements to the LMF for position calculation. 
[bookmark: _Toc12632717]8.x.3.1.3.1	LMF-initiated Location Information Transfer Procedure
Figure 8.x.3.1.3.1-1 shows the Location Information Transfer operations for the Multi-RTT positioning method when the procedure is initiated by the LMF.

Figure 8.x.3.1.3.1-1: LMF-initiated Location Information Transfer Procedure
(1)	The LMF sends an LPP Request Location Information message to the UE to request DL-PRS measurements for Multi-RTT as well as a request to transmit UL-PRS according to the indicated UL-PRS configuration. The message may indicate a start time when the UE should begin the UL-PRS transmission together with the duration for how long the UL-PRS transmission is required. The UE begins the UL-PRS transmission according to the UL-PRS configuration information.
(2)	The UE obtains the DL-PRS measurements for Multi-RTT as requested in step 1. The UE then sends an LPP Provide Location Information message to the LMF, before the Response Time provided in step (1) elapsed and includes the obtained Multi-RTT measurements. If the UE is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.
[bookmark: _Toc12632718]8.x.3.1.3.2	UE-initiated Location Information Delivery procedure
Figure 8.x.3.1.3.2-1 shows the Location Information Delivery procedure operations for the Multi-RTT positioning method when the procedure is initiated by the UE.

Figure 8.x.3.1.3.2-1: UE-initiated Location Information Delivery Procedure.
(1)	The UE sends an LPP Provide Location Information message to the LMF. The Provide Location Information message may include any UE Multi-RTT measurements already available at the UE.
8.x.3.2	Procedures between LMF and gNB
[bookmark: _Toc12632714]8.x.3.2.1	TRP Configuration Information Delivery between LMF and gNB
The purpose of this procedure is to enable the gNB to provide TRP Configuration Information to the LMF, which may be used by the LMF to generate assistance data for the UE for delivery to the UE using the procedures of subclause 8.x.3.1.2 or for use in the calculation of positioning estimates at the LMF.
Figure 8.x.3.2.1-1 shows the TRP Configuration Information Delivery operation from the gNB to the LMF for the Multi-RTT positioning method, in the case that the procedure is initiated by the LMF. 


Figure 8.x.3.2.1-1: LMF-initiated TRP Configuration Information Delivery Procedure
(1)	The LMF determines that certain TRP Configuration Information for Multi-RTT positioning is desired (e.g., as part of a periodic update or as triggered by OAM) and sends an NRPPa INFORMATION EXCHANGE REQUEST message to the gNB. This request includes an indication of which specific TRP Configuration Information is requested. The message is sent in non-UE associated mode.
(2)	The gNB provides the requested TRP Configuration Information in an NRPPa INFORMATION EXCHANGE RESPONSE message, if available at the gNB. The message may include any of the information listed in Table 8.x.2.3-1. If the gNB is not able to provide any information, it returns an INFORMATION EXCHANGE FAILURE message indicating the cause of the failure.
8.x.3.2.2	UL-PRS Information Request
The purpose of this procedure is to enable the LMF to request UL-PRS configuration information from the serving gNB of a target UE. 


Figure 8.x.3.2.2-1: LMF-initiated UL-PRS Information Request Procedure
(1)	The LMF sends a NRPPa message to the serving gNB of the target UE to request UL-PRS configuration information. The message is sent in UE-associated mode.
(2)	The serving gNB determines the UL resources to be allocated for the UE and sends an Information Exchange Response to the LMF that includes the allocated resources and the associated parameters as listed in Table 8.x.2.3-2. If the serving gNB is not able to provide the requested information, it returns a failure message indicating the cause of the failure.
8.x.3.2.3	UL-PRS Measurement Request
The purpose of this procedure is to enable the LMF to request UL-PRS measurement information from TRPs. 


Figure 8.x.3.2.3-1: LMF-initiated UL-PRS Information Request Procedure
(1)	The LMF sends a NRPPa message to the selected gNB to request UL-PRS measurement information. The message includes any information required for the gNB to perform the measurements as listed in Table 8.x.2.4-1. The message is sent in non-UE associated mode.
(2)	The TRP obtains the measurements as requested at step 1. The gNB then sends a NRPPa Measurement Response message to the LMF and includes the obtained Multi-RTT measurements as listed in Table 8.x.2.3-3. If the TRP is not able to provide the requested measurements, the gNB returns a failure message indicating the cause of the failure.
8.x.4	Sequence of Procedures for Multi-RTT Positioning
For Multi-RTT positioning it is expected that the procedures described in sub-clause 8.x.3 normally occur in the order as shown in Figure 8.x.4-1.


Figure 8.x.4-1: Multi-RTT positioning procedure.
0.	The LMF may use the procedure described in subclause 8.x.3.2.1 to obtain the TRP configuration information required for Multi-RTT positioning.
1.	The LMF may request the positioning capabilities of the target device using the LPP Capability Transfer procedure described in subclause 8.x.3.1.1. 
2.	The LMF sends a NRPPa UL PRS Information Request message to the serving gNB to request UL PRS configuration information for the target device as described in subclause 8.x.3.2.2. 
3.	The serving gNB determines the resources available for UL-PRS. 
4.	The serving gNB provides the UL-PRS configuration information to the LMF in a NRPPa UL-PRS Information Response message. The message may include any of the information listed in Table 8.x.2.3-2.
5.	The LMF determines the UL-PRS configuration using the information received at Step 4 and provides the UL‑PRS configuration to the selected gNBs in a NRPPa Measurement Request message as described in subclause 8.x.3.2.3. 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). 
6.	The LMF sends a LPP Provide Assistance Data message to the target device as described in subcaluse 8.x.3.1.2.1.1. The message includes any required assistance data for the target device to perform the necessary DL PRS measurements and any information necessary to transmit UL-PRS.
7.	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 as descrtibed in subclause 8.x.3.1.3.1. The target device begins the UL-PRS transmission according to the time domain behavior of UL-PRS resource configuration. 
8a.The target device performs the DL-PRS measurements from all gNBs provided in the assistance data at step 6. 
8b.Each gNB configured at step 5 measures the UL-PRS transmissions from the target device. 
9. The target device reports the DL-PRS measurements for Multi-RTT 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.
10.	Each gNB reports the UL-PRS measurements to the LMF in a NRPPa Measurement Response message as described in subclause 8.x.3.2.3.
11. The LMF determines the RTTs form the UE and gNB Rx-Tx Time Difference Measurements for each gNB for which corresponding UL and DL measurements were provided at steps 9 and 10 and calculates the position of the target device. 
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