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Introduction
In RAN1 #AH1901 meeting, there were the following agreements about UL and DL positioning methods [1].
	Agreement:
NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
0. UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
NR should support UL-AoA based positioning techniques in FR1 and FR2
0. UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
Round-trip time (RTT) with one or more neighboring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2
Agreement:
The following measurements for NR DL PRS for serving and neighbor gNBs should be supported:
UE RX-TX time difference measurements



In this contribution, we provide our consideration on the combination of UL and DL positioning in NR from RAN2 perspective.
Multi-RTT positioning
As observed in [2], for OTDOA positioning, the RSTD measurement consists of two parts:
· Real time difference (RTD): the relative time difference that the network node of reference signal transmission based on the timing of each network node, which relies on the synchronization of the nodes
· Geometric time difference (GTD): the difference in the propagation delay between the network node and the UE. 
So, for neighbouring cell i, its RSTD measurement can be expressed as RSTD_i=RTD_i+GTD_i. Ideally, the RTD part should be zero if the network is perfectly synchronized. However, in reality this is hard to achieve. The error in the time of 1 nano second translate to 0.3 meters in space and the error further propagates at the intersection of hyperbola. Based on simulation, synchronization error of 100 nano seconds could end up in position estimation error of 40 meters, which is not satisfactory enough. 
Due to the above short-comings of OTDOA, another approach of multiple sites DL and UL positioning method based on multiple RTT measurements have been proposed. [1] The basic idea of the approach is an extension of single-node RTT measurement in the legacy E-CID approach to multiple nodes. 
[image: ]
Figure 1: Illustration of type1 TA [3]

In the previous RAN1 meeting, the agreement above highlighted in turquoise have been made. Since agreement does not mention about the transfer of gNB information to the UE, based on our understanding, it implies that the network-based multi-RTT positioning is supported Rel-16. UE-based approach is still FFS. 
Observation 1: It has been agreed in RAN1 that network-based multi-RTT positioning is supported in Rel-16 NR. 
However, compared with the previous positioning methods, multi-RTT positioning is not without its short-comings. First, it is obvious the network need to configure to the UE both UL and DL PRS, hence increasing the physical layer resources overhead. Secondly, the UE needs to measure both the UE Rx-Tx time difference and the gNB Rx-Tx time difference, hence increasing the delay due to measurement.
Observation 2: Compared with OTDOA, multi-RTT positioning has the following short-comings: (a) need for more physical layer resources, i.e, both UL and DL PRS; (b) increased latency.
However, since multi-RTT is a new positioning method, it is required that in the LPP protocol, positioning method-specific changes are required in all the message body IEs:
Proposal 1: A new positioning method should be added in the message body IEs in the LPP protocol.
In a broad stroke, over the air interface, the general procedure for multi-RTT positioning will be as follows:
· LMF sends the PRS configuration information to the UE, indicate to the UE the DL PRS configuration associated with different gNBs. LMF also indicates to the UE the UL PRS information, on which it transmits the UL PRS for the gNBs to measure
· The gNBs transmit DL PRS and UEs transmit UL PRS
· The UEs measure TOA and gNBs measure TOA
· The UE transmits a measurement report to the LMF, including the measured UE Rx-Tx time difference for each gNB; The gNB transmits a measurement report to the LMF, including the gNB Rx-Tx time difference measurement
· The LMF performs the subtraction as illustrated in Figure 1, thus obtaining the RTT per each gNB, with which it can computes the location of the UE 
Based on the above general procedure, we think the DL PRS configuration for difference gNBs and UL PRS configuration of the UE should be sent to the UE via multiRTT-ProvideAssistanceData in the LPP message. 
Proposal 2: The LMF sends to the UE the DL PRS configuration via LPP message and the gNB sends the UL PRS configuration to the UE via RRC message. 
Based on the above general observation, since the UE only has the RRC connection with the serving gNB, it is preferable to include the UE Rx-Tx time difference measurement in the LPP measurement report instead of RRC message. 
Proposal 3: The agreed UE RX-TX time difference measurements should be included in the LPP message. 
In summary of the above discussion, the overall procedure for multi-RTT positioning is as follows:


Figure 2: multi-RTT positioning procedure
1.	The AMF request the location of UE triggered by MT-LR or MO-LR; 
2a.	The LMF may request the positioning capabilities of the target device using the LPP Capability Transfer procedure
2b.	The LMF sends a NRPPa MULTI-RTT INFORMATION REQUEST message to the gNBs selected by the LMF and the gNBs respond with NRPPa MULTI-RTT INFORMATION RESPONSE message to the LMF. With this Multi-RTT information exchange procedure, the PRS information of the gNBs, gNB coordinates, etc are known to the LMF
3.	The LMF sends LPP ProvideAssistanceInformation message to the UE, indicating the DL PRS information to the UE
4.	The RRC configurations the UL PRS information to the UE
5.	The LMF sends a NRPPa MULTI-RTT MEASUREMENT INITIATION REQUEST message to the gNBs selected by the LMF. The request includes an indication that RTT UL/DL measurements are requested 
6.	The LMF sends a LPP RequestLocationInformation message to the UE, indicating UE Rx-Tx measurement to be performed by the UE
7a. The UE performs DL PRS measurement based on the DL PRS information sent to the UE by the LMF
7b.	The gNBs perform UL PRS measurement based on the UL PRS information sent to the gNBs by the LMF
8.	The UE sends LPP ProvideLocationInforamtion message to the LMF, inlcuding the UE Rx-Tx time difference measurements
9.	The gNBs sends NRPPa MULTI-RTT MEASUREMENT INITIATION RESPONSE to the LMF, including the gNB Rx-Tx time difference measurement
10.	With the UE and gNB Rx-Tx time difference measurement, the LMF obtains the RTT measurement of the UE, based on which it calculates the location of the UE
[bookmark: OLE_LINK1]11.	The LMF indicates to the AMF the positioining result.  
Proposal 4: Adopt the above overall procedure for multi-RTT positioning. 
Conclusion
In this contribution, we considered our consideration on the combination of UL and DL positioning approach in NR from RAN2 perspective, and we get the following observation and proposals:
Observation 1: It has been agreed in RAN1 that network-based multi-RTT positioning is supported in Rel-16 NR. 
Observation 2: Compared with OTDOA, multi-RTT positioning has the following short-comings: (a) need for more physical layer resources, i.e, both UL and DL PRS; (b) increased latency.
Proposal 1: A new positioning method should be added in the message body IEs in the LPP protocol.
Proposal 2: The LMF sends to the UE the DL PRS configuration via LPP message and the gNB sends the UL PRS configuration to the UE via RRC message. 
Proposal 3: The agreed UE RX-TX time difference measurements should be included in the LPP message. 
Proposal 4: Adopt the above overall procedure for multi-RTT positioning. 
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