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Introduction
[bookmark: _Hlk510705081]Work on the current study item on positioning support in NR [1] continued at RAN1#95 and identified candidate techniques for study. The focus of the work has been on RAT-dependent solutions. DL, UL, and DL+UL based solutions were listed and agreed to be candidates for RAT-dependent positioning solutions in NR. This contribution focuses on the DL+UL based solutions. See our companion contributions [2] and [3] for Nokia’s view on the DL and UL based solutions respectively. At RAN1#95 the following agreements were made with regard to DL+UL solutions on NR positioning studies take from [4]:
Agreement:
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)

Discussion
Multi-cell Round Trip Time  
[bookmark: _Hlk533752765]One proposed positioning solution for NR is a multi-cell round trip time (RTT) based method [5-6]. RTT based methods have long been studied in the literature and WiFi, in IEEE 802.11-REVmc, uses similar ideas to do indoor positioning [7]. GERAN also standardized a RTT based positioning method [8] called MTA. 
The general idea of a multi-cell RTT method is to estimate the RTT between a UE and multiple gNBs by transmitting and receiving signals between the necessary nodes. By using these RTT estimates, the distance between the UE and the gNB can also be estimated. Then, similar to other timing-based techniques (e.g. OTDOA and UTODA) a trilateration estimation algorithm can be used to estimate the position of the UE. The major advantage of using the RTT to estimate the distance between a UE and a gNB is that the timing estimation error caused by synchronization error is no longer a factor. Furthermore, the impact of synchronization error across gNBs can be also mitigated by multi-cell RTT.
[bookmark: _Hlk534704450]Observation 1: RTT based methods do not suffer from errors caused by synchronization errors between UE, gNB(s), and cross gNBs.  
In certain commercial use cases, NR positioning may require stringent accuracy performance, which makes time synchronization across gNBs more challenging. One-way timing-based positioning technologies (e.g, OTDOA and UTDOA) can be significantly impacted by imperfect network synchronization. Multi-cell RTT can be considered in a such scenario with stringent positioning accuracy and imperfect network synchronization.
Proposal 1: Multi-cell RTT should be studied in scenarios with stringent positioning accuracy and imperfect network synchronization.
One drawback to a practical implementation of RTT based methods is the additional resources that it requires as you need an UL RS and a DL RS to make the timing estimation on. One possible way to think about multi-cell RTT is to implement both OTDOA and UTDOA. This would require a lot of network resources for one UE to position itself. If there are a small number of UEs that wish to position then lots of network resources need to be used for the DL portion (i.e., PRS transmission). If there are a large number of UEs then a large amount of UL signals would need to be received at multiple base stations (e.g., SRS). 
Observation 2: At least the following potential issues should be taken into consideration when studying RTT based positioning methods:
· Resource overhead
· Scalability with dense number of UEs 
· Hearability (in particular at FR2)
· Latency concerns 
Enhanced Cell ID
Enhanced Cell-ID based positioning has been used at least since 2G, and different measurements have been used as enhancements. The categorization of measurements under E-CID positioning technique is always somewhat subjective, but at least the following enhancements have been considered or proposed under E-CID in the past:
· Round trip time measurement for the serving cell, that consists of two components:
· UE Rx-to-Tx time difference towards the serving cell
· Base station Tx-to-RX time difference of the serving cell
· Own cell Rx level as seen in the UE
· Detected neighbouring cells and corresponding RX levels as seen by the UE
· Angle of Arrival of the UE’s uplink signal as seen by the base station

Obviously many, if not all of the above enhancements to CID positioning can be used with other RAT dependent positioning techniques, and thus the difficulty of hard categorization of what is an enhancement to CID positioning, and what is a building block for another positioning technique. However, the debate over such categorization may not be extremely fruitful, when important question lies on what is worth specifying. For some of these measurements NR brings an additional dimension of beamforming, calling for some of the measurements to be beam specific. This is not really an issue for RAN1 though, as the per-beam measurements are in place for other purposes already. Specifically, the own and neighbor cell Rx level measurements per beam are already defined for both SSB and CSI-RS in Rel-15 for NR, as well as the inter-RAT measurements for LTE. Inter-RAT LTE measurements include also the E-UTRAN RSTD measurement for LTE OTDOA:
Table 1: NR Rel-15 measurements applicable to E-CID
	TS38.215 subclause	Measurement
5.1.1	SS reference signal received power (SS-RSRP)
5.1.2	CSI reference signal received power (CSI-RSRP)
5.1.3	SS reference signal received quality (SS-RSRQ)
5.1.4	CSI reference signal received quality (CSI-RSRQ)
5.1.5	SS signal-to-noise and interference ratio (SS-SINR)
5.1.6	CSI signal-to-noise and interference ratio (CSI-SINR)
5.1.13	Reference signal time difference (RSTD) for E-UTRAN
5.1.15	E-UTRA RSRP
5.1.16	E-UTRA RSRQ
5.1.17	E-UTRA RS-SINR



Observation 3: NR Rel-15 specifies a number of measurements useful for E-CID positioning.  
Based on what was specified in LTE, the additional measurements that should be considered for NR Rel-16 are at least:
· UE Rx-Tx time difference
· gNB Tx-Rx time difference
· Uplink Angle of Arrival, including elevation angle

Proposal 2: Define the Enhanced Cell-ID positioning method in 3GPP Rel-16 by introducing measurements for UE Rx-Tx time difference, gNB Tx-Rx time difference and Angle of Arrival including elevation angle for NR.
Conclusion
Observation 1: RTT based methods do not suffer from errors caused by synchronization errors between UE, gNB(s), and cross gNBs.  
Proposal 1: Multi-cell RTT should be studied in scenarios with stringent positioning accuracy and imperfect network synchronization.
Observation 2: At least the following potential issues should be taken into consideration when studying RTT based positioning methods:
· Resource overhead
· Scalability with dense number of UEs 
· Hearability (in particular at FR2)
· Latency concerns 
Observation 3: NR Rel-15 specifies a number of measurements useful for E-CID positioning.  
Proposal 2: Define the Enhanced Cell-ID positioning method in 3GPP Rel-16 by introducing measurements for UE Rx-Tx time difference, gNB Tx-Rx time difference and Angle of Arrival including elevation angle for NR.
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