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Introduction
In RAN#83, the new WID of NR Positioning Support was approved with the following objectives from RAN1’s perspective [1]:
	RAN1 centric objectives
Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]




For supporting timing-based RAT-dependent positioning techniques, such as DL-TDOA and UL-TDOA techniques, it is critical to have precise time synchronization among the cells, which are involved in the position determination of an UE, especially for meeting 5G commercial requirements, where the positioning accuracy is required to be in meter/submeter-levels. In this contribution, we will discuss the potential of using RAT-dependent reference signals for precise time synchronization among the cells.
Network synchronization techniques
There are many existing solutions for supporting the network synchronization. One common approach to achieve the network synchronization in telecommunication network is based on the global navigation satellite system (GNSS) signals, which can support μs-level or even better network synchronization. The main limitation of the GNSS based approach is that it cannot be used at the places where the GNSS signals are blocked, such as the indoor environment. Another common approach is based on the synchronization protocol such as Network Time Protocol (NTP) or Precision Time Protocol (PTP). With NTP, the clients request time synchronization from an NTP server that maintains a time standard. The clients perform time and phase synchronization in consideration of the time taken for a response to a request and the time between the server and the client. An NTP use has usually the synchronization accuracy to the level of 1 ms or better. PTP is able to support high-precision time and phase synchronization to 1 μs or even better with a hardware timestamp function and compensation for transmission path delay. Table 1 lists solutions that have been used to enable synchronization in the wireless network [3].
Table 1: Existing solutions [3]
	Sync Method 
	Freq Sync 
(Achievable on the radio interface)
	Phase Sync 
(Achievable on the radio interface)
	Comment 

	Synchronous PDH / SDH / Synchronous Ethernet (SyncE) 
	±0.05 ppm or better
	—
	SyncE must be supported on all nodes in the sync chain. See applicable ITU-T recc. (G.803, G.813, G.8261, G.8262, etc.)

	IEEE1588 PTP for freq only sync 
	±0.05 ppm
	—
	It does not require on-path support between Master and Slave. Performance depends on load of network. See applicable ITU-T recc.(e.g. G.8261.1)

	IEEE1588 PTP for freq/phase sync  (partial timing support under study)
	±0.05 ppm
	250ns – 1.5s
	See applicable ITU-T recc.(e.g. G.8271.1)

	Satellite time reference (e.g. GPS)
	< ±0.01 ppm
	< 100ns
	Receiver antenna and cabling installation can be expensive in indoor installations.

	NTP (Network Timing Protocol) 
	±0.05 ppm
	FFS
	Depends on network characteristics (similar rules as for PTP apply in case of frequency sync; also in this case a specific clock recovery algorithm is required)

	RIBS Radio Interface Based Synchronization (3GPP R12) 
	±0.1 ppm
	2.5s
	LTE-FDD: Requires capability to listen to sync source downlink frequency band



For supporting 5G NR positioning accuracy of a few meters or higher, the network synchronization is required to be in the level of a few tens of nanoseconds or even a few nanoseconds considering that the radio signal travels about 3 meters in 10ns. The solution needs to work under all environments with low implementation complexity and cost. Thus, it is worthy to look for the solutions in addition to those shown in Table 1.
LTE network synchronization based on RAT-dependent signals   
3GPP has actually investigated the network synchronization based on RAT-dependent signals for LTE networks, in which various approaches were proposed [3]:
· Solution 1: Network based solution using detection of UE transmission, where the eNBs determine their time offsets based on monitoring the signals from the same UEs;
· Solution 2: OTA Synchronization with Propagation Delay Compensation
· Solution 3: OTA Synchronization with Propagation Delay Compensation Based on Timing Advance
· Solution 4: Propagation Delay Compensation for RIBS Based on Location Information Exchange
· The eNBs determine their time offsets based on monitoring the signals from other eNBs (e.g., the slave eNB adjusts its synch to be aligned with the master eNB(s)), which can be in the distributed way, the centralized way, or the statistical way.
The investigation has reached the conclusion that it is feasible to obtain s-level network synchronization accuracy based on LTE signals[3]. 
NR network synchronization based on RAT-dependent signals   
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For NR positioning, there were also proposals to support the gNBs to listen each other’s PRS reference signals for supporting time synchronization and NR positioning during NR positioning SI (e.g., [5][6][7]). For network synchronization based on RAT-dependent signals, we may expect better time synchronization can be achieved than LTE due to more time and frequency radio resources are available for the purpose of the NR network synchronization. 

In this section, we further discuss the use of the RAT-dependent signals for 5G NR network with the target to providing ns-level synchronization accuracy and perfect frequency synchronization.

Figure 1 illustrates the basis for the proposed network synchronization method, using the both time and frequency synchronization between two cells as an example. Similar with the existing proposals of RAT-dependent time synchronization, one cell (Cell 1) transmits the reference signals for time synchronization, which can be the positioning reference signal (PRS) and the Cell 2 monitors the reference signals for time synchronization to achieve the time synchronization with Cell 1. Through the detection of the time of arrival of the PRS from Cell 1, and the known locations of the Cell 1 and Cell 2, the timing offset between the two cells can be estimated with certain accuracy. However, the time synchronization accuracy may be limited to -level due to various factors, especially the gNB clock drifts and the frequency offsets.
To improve the time synchronization accuracy, it is proposed that the Cell 1 also transmits the carrier phase reference signal (C-PRS)) (See [4] for more details of the description of the C-PRS). Once the Cell 2 has phase-locked the C-PRS from Cell 1, any time misalignments due to clock drifts and the frequency offsets can be counted precisely. 
Therefore, by combining the periodical measurements of the TOA of the PRS and the continuous tracking the C-PRS signals, the time offset between the two cells can be estimated precisely with the estimation accuracy increasing with the monitoring time, since all changes of the clock offsets due to the clock drifts and frequency offset will be precisely estimated by the phase-lock loop, and the timing estimation error due to the TOA estimation error will be smoothed out with the increase of the synchronization time.
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Figure 1. Time and frequency synchronization based on PRS and C-PRS signals

Compared with the time synchronization method between the base stations discussed so far by the 3GPP, adding the C-PRS reference signal for signal phase locking and frequency synchronization allows achieving complete frequency synchronization and eliminating the influence of the frequency offset of each base station on the time synchronization error between the base stations. It improves the accuracy of time synchronization between base stations by using periodically transmitted PRS signals without the worry of the clock drift caused due to the instability of the base station clocks. 
The method shown in Figure 1 can be extended to different implementations. For example, we may use one cell to monitor the PRS and C-PRS from multiple cells to achieving the network synchronization among these cells as shown in Figure 2.
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Figure 2. Time and frequency synchronization based on PRS and C-PRS signals with multiple cells

[bookmark: _GoBack]Proposal 1: 3GPP should make further investigation on the RAT-dependent network synchronization techniques for NR positioning, where the precise network synchronization is achieved by the cells monitor the time and frequency synchronization signals transmitted from other cells.
Conclusion
In this paper, we discussed the use of RAT-dependent reference signals for precise time synchronization among the cells for NR positioning. 
Proposal 1: 3GPP should make further investigation on the RAT-dependent network synchronization techniques for NR positioning, where the precise network synchronization is achieved by the cells monitor the time and frequency synchronization signals transmitted from other cells.
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