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At RAN#83, the following objectives were agreed in [1] to the support of NR RAT-dependent positioning:
	· Define functional interfaces, signaling and procedures including UE reporting, to support NR RAT-dependent positioning for the NR positioning techniques listed in RAN1 objectives 
· Define extensions of LPP protocol for NR RAT-dependent positioning 



In [2], Downlink and Uplink based solutions identified the need to support RTT measurement with one or more gNBs/TRPs for NR DL and UL positioning:
	The following candidate techniques are considered for study of DL and UL positioning:
-	Timing based techniques
-	Round trip time measurement including support for multiple TRPs
-	Combination of DL and UL techniques for NR positioning
-	e.g. E-CID like techniques (including one or multiple cells)
The following candidate techniques were identified for NR DL and UL-based positioning support:
- 	Round-trip time (RTT) with one or more neighbouring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2.



In this contribution we discuss from the perspective of RAN2 the procedure and protocol impacts to support RTT mechanisms involving multiple gNBs and possibly multiple UEs in a scenario (Multi-RTT).
RTT Discussions and RAN1 Agreements
Compared to TDOA, RTT has the advantage that no tight synchronization is required between involved infrastructure nodes (LMUs or gNBs). This comes at the expense of extra signaling when compared to TDOA. For TDOA, just one-way transmission from a UE to multiple gNBs in the uplink or from multiple gNBs to the UE(s) in the downlink is sufficient to find the device position.
In LTE, the RTT procedure can be performed using the timing advance procedure (TADV) type1 or type2 for E-CID [3]. This implies the use of UE Rx-Tx time difference measurement to compute the distance between the two ranging devices. Three distance measurements are needed between the UE and different gNBs in order to apply unambiguous RTT-based positioning. However in LTE, the Rx-Tx time difference measurements are restricted to the serving eNB and cannot be performed simultaneously for multiple eNB.
For NR, RAN1 agreed based on the outcome of TR 38.855 [2] to support RTT with one or more neighboring gNBs/TRPs for NR DL-UL positioning in FR1 and FR2. Multi-RTT should target to provide a mechanism to enable ranging between multiple gNBs with one or more UEs. The mechanism should also take into account the beamforming applied for transmission and reception in UL and DL cases. 
Observation 1: 	A RAN2 procedure to enable multiple RTT measurements with neighbor gNBs/TRPs needs to be defined.
RTT Procedure 
We propose the following steps, which aim at maintaining the functionality of an RTT procedure, but at the same time minimizing the signaling overhead:
I. Start positioning process:
A. The LMF may receive a target QoS (like accuracy or latency targets) and UE capabilities
B. Set RTT mode, the LMF can firstly identify if ranging shall be performed between:
1. a single or multiple UEs and only the serving gNB (s-gNB), 
2. between a single UE or multiple UEs and multiple gNBs 
II. Identify the neighboring gNBs and schedule UL-DL resources :
In case of (1) a procedure similar to E-CID can be applied. For (2), the UE needs to enable the required measurements from the multiple gNBs involved in the positioning procedure. The LMF or LMC can identify the neighboring gNBs (n-gNBs) to be considered according to the following procedure:
A. Identify the n-gNBs in range based on:
1. UE reports detectable gNBs 
· The UE can be requested to make measurements under defined measurement identities according to TS38.331. These measurements can correspond to an event based reporting, or
2. the network information which resembles the procedure for OTDOA or UTDOA
B. Set the UL resources for the UEs and the DL resources for the serving and neighboring gNBs according to:
1. LMF (via NRPPa) or s-gNB (via Xn) configures the n-gNB(s) 
2. n-gNBs reserve and acknowledge the resources that are assigned in UL and DL for positioning
3. s-gNB configures the RRC measurements with the target UE(s):
· Set either UE or gNBs as initiator and responder within the RTT scheme
· Specify initiator/responder frequency and time resources and group shared resources.
III. Measurement Signaling procedure:
A. The initiator (UE/gNB) sends a reference signal(s) to one or more responder nodes (gNB/UE)
B. If the responders receive the signal with sufficient quality, then the responder nodes reply by sending reference signals using the allocated resources and reporting the Rx-Tx time difference measurements
1. to the s-gNB that forwards them to the UE (if the UEs are the initiators). 
2. to the s-gNB that can forward them to the LMF (if the gNBs are the initiators).
C. (Optional) Initiator performs additional measurement for refinement or correction 
D. In case a set of responders did not reply or the reply information has low quality, the initiator or the server can request new resources for measurements with adjustments to parameters like transmit power, periodicity, signal duration or timing adjustments.
IV. Positioning / Ranging Measurements:
A. UE-Based: signaling needed 
The information that may be signaled from LMF or gNB to the UE so the UE can estimate its position:
	Information 
	UE-Based

	gNB reply time or Rx-Tx time difference
	Yes

	gNB transceiver delays (calibration)
	Yes

	gNB coordinates
	Yes



B. UE-Assisted
The information that may be signaled from UE to the LMF
	Information 
	UE‑assisted 

	UE reply time or Rx-Tx time difference 
	Yes

	UE transceiver delays (calibration)
	Yes



The information that may be signaled from gNB to the LMF for UE assisted are:
	Information 
		UE‑assisted 

	gNB reply time or Rx-Tx time difference
	Yes

	gNB transceiver delays (calibration)
	Yes

	gNB coordinates
	Yes



Observation 2: 	The neighbor gNBs involved in the RTT measurements can be identified based on the UE measurement report or network information.
Proposal 1: 	Enable measurement report triggering that considers reporting of any detected neighboring cell prior an RTT session. 
Proposal 2: 	Consider the proposed RTT scheme to support ranging with multiple gNBs and one or more UEs.
Additional RTT Consideration 
Hardware delay calibration, TOA estimation quality, timing resolution from Rx-Tx reporting and clock oscillator quality are among the main factors that control the accuracy of the range estimates. For example, the components in the transceiver chain like filters, amplifiers and transmission lines add additional delay to the signal. This makes timing calibration necessary before measurements can be evaluated accurately. Note that a calibration error of 1 ns translates to a one-way distance error of 30 cm. The transceiver delays can vary between different NG-RAN architectures and devices or components from different manufacturers. Even manufacturing tolerances as well as temperature and ageing may affect internal delays of the whole device. 
For RAN2, this implies that additional information needed for the accurate RTT position needs to be taken into account, an example for transceiver delays compensation the LPP extension example is shown below: 
RTT-Measurements ::= SEQUENCE {
																							transceiverDelaysFR1 				    0-4096	-- value in ‘Tc’						OPTIONAL 	transceiverDelaysFR2 				    0-4096	-- value in ‘Tc’						OPTIONAL
…
}
Proposal 2: 	Consider reporting required to mitigate factors limiting RTT accuracy like hardware delay calibration or Rx-Tx estimation quality in LPP.
Conclusion
The following proposals and observation are concluded:

Observation 1: 	A RAN2 procedures to enable RTT measurements with neighbor gNBs/TRPs needs to be defined.
Observation 2: 	The number of neighbor gNBs involved in the RTT measurements can be identified based on the UE report or network information.
Proposal 1: 	Enable measurement report triggering that considers reporting of any detected neighboring cell prior an RTT session.
Proposal 2: 	Consider the proposed RTT scheme to support ranging with multiple gNBs and one or more UEs.
Proposal 3: 	Consider reporting required to mitigate factors limiting RTT accuracy like hardware delay calibration or Rx-Tx estimation quality in LPP.
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