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Introduction
NR positioning accuracy depends mainly on the measurement accuracy, where the predominant measurement error arises from a) the so-called non-line-of-sight (NLOS) condition, i.e., when the direct line-of-sight (LOS) paths between the source and the receiver are blocked, and b) the imperfect time synchronization among the TRPs. 
NLOS errors are common in indoor and urban environments, and can severely degrade the quality of the estimated location. For the performance evaluation of wireless data communication, 3GPP has developed the NLOS channel model in TR 38.901, which was agreed to be used for the investigation of Rel-16 and Rel-17 NR positioning performance. However, the NLOS model in TS 38.901 actually does not consider the relationship of the signal propagation delays of the NLOS path and the angular parameters (e.g., the azimuth of arrival (AOA), zenith of arrival (ZOA), the azimuth of departure (AOD) and zenith of departure (ZOD) of an NLOS path). Thus, the model may not be suitable for the study of the techniques for the enhancements of NR positioning performance, where NLOS signals are utilized for improving the positioning performance.
For Rel-17, it was agreed that the target horizontal positioning accuracy is at sub-meter level ([0.2m] or [0.5m]) for IIOT scenarios, which requires the time synchronization among the TRPs to be 2ns or better, consider that the RF signal propagate about 30cm per 1ns. Although there are many existing approaches for supporting cellular network synchronization, e.g., GNSS based approach, the Precision Time Protocol (PTP) etc, at this moment none of them can support this level time synchronization accuracy.
In this contribution, we are discussing to discuss above two important issues, and presents our solutions for them.
Discussion                                         
Absolute time of arrival in TR 38.901
To support simulations in which absolute time of arrival is important, such as NR positioning, the excess delay  in NLOS propagation time delay is considered in the fast fading model in subclause 7.6.9 of TR 38.901, where  is generated from a lognormal distribution with parameters according to the following table independently for links between the same UE and different TRPs, which is further upper bounded by , where  is the largest dimension of the factory hall, i.e.  = max(length, width, height).
[bookmark: _Ref47197002]Table 1 Parameters for the absolute time of arrival model (Table 7.6.9-1 in TR 38.901)
	Scenarios
	InF-SL, InF-DL
	InF-SH, InF-DH

	
	
	-7.5
	-7.5

	
	
	0.4
	0.4

	Correlation distance in the horizontal plane [m]
	6
	11



The impulse response in NLOS is determined using equation (1) and the impulse response in LOS is determined using equation (2), where  is the speed of light. 

		(1)
	.	(2)
As described above, the excess delay  in NLOS propagation time delay in TR 38.901 is generated randomly without considering the physical law of the reflection, and independent of the transmitting angles and receiving angles between the transmitter and the receiver. Thus, although the NLOS model may be useful for the evaluation of the impact on NLOS propagation time delay on the positioning performance for some scenarios, it is not suitable for the evaluation of more advanced positioning algorithms, where the use of multipath propagation signals is explored for improving the positioning performance, i.e., the multipath signals are treated as component signals emitted from virtual transmitters. Each received multipath component increases the number of transmitters resulting in a more accurate position estimate or enabling positioning when the number of physical transmitters is insufficient.

NLOS channel modelling 
In the NLOS propagation time delay model in TR38.901, however, the propagation delay and the angular information for each NLOS cluster are generated separately without considering the relationship among them, and thus is not suitable for the evaluation of the positioning performance under NLOS environment with advanced positioning algorithm. In reality, the arrival and departure paths of each reflection should be co-planar in 3D space by the law of the reflection as shown in Figure 1. To develop the NLOS model suitable for the evaluation of the positioning performance under NLOS environment based on the NLOS model in TR38.901 with the minimum effort, here we propose two methods, which try to pair N arrival paths and N departure paths generated from the NLOS model in TR38.901 according to the law of the reflection and provide the  correctly. 
In our methods, it is assumed the received signal strengths of the NLOS paths with multiple reflections are much weaker than the received signal strengths of the NLOS paths with only one reflection. That is, we only consider the NLOS path with one reflection.
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[bookmark: _Ref47196716]Figure 1  The relationship between NLOS path, refection point and propagation time

NLOS modeling method 1 (Figure 2): 
· Use the NLOS model in TR38.901 to generate N departing paths (i.e., AOD/ZOD) and N arrival paths (i.e., AOA/ZOA). 
· Pick one unpaired departing path, and pair it with another unpaired arriving path, in such a way that the arriving path has the shortest 3D-distance to the unpaired departing path among all unpaired arriving paths, as shown in Figure 2. This process is iterated until we have N pairs of {departing path (AOD/ZOD) and arrival path (AOA/ZOA)}  
· For each pair, define the center of the line with the shortest 3D-distance as the reflection point;
· Use the reflection point to calculate the propagation delays between the BS and the UE for each NLOS pair;
· Use the reflection point of an NLOS pair and the coordinates of the BS and the UE to re-calculate the AOD/ZOD and the AOA/ZOA so that the departing path and the arriving path of each pair are co-planar.
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[bookmark: _Ref47196743]Figure 2:    NLOS modelling Method 1

After the above pairing process, the true AOA/ZOA, AOD/ZOD, and LOS/NLOS path propagation delays can be determined based on the coordinates for the transmitter, receiver and the reflection point.

Modeling method 2 (Figure 3): 
· Determine the LOS distance dLos and LOS directional angles between the gNB and the UE positions.  
· Generate the departure paths from gNB according to the NLOS model in TS 38.901, including the related AOD/ZOD, and also the total NLOS propagation delay for each departure path. From the total NLOS propagation delay, the total NLOS distance (d1+d2) can be obtained.
· Determine the angel αbetween the departure path and LOS path.   
· Based on the Laws of Cosines, derive the reflection point based on the known information (e.g., the angel α,dLos, and the total NLOS distance (d1+d2)).
· Determine the arrival angle AOA and AOD of arrival path based on the position of the calculated reflection point and the UE’s location.  
· Repeat above procedures to derive the associated arrival path for each departure path.
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[bookmark: _Ref47196777]Figure 3:    NLOS modelling Method 2

Again, after the above pairing process, the true AOA/ZOA, AOD/ZOD, and LOS/NLOS path propagation delays can be determined based on the coordinates for the transmitter, receiver and the reflection point.
Modifications for TR 38.901 channel model  
In Table 2 we provide the modifications needed for TR 38.901 to adopt the proposed NLOS modeling methods.  

[bookmark: _Ref47197071]Table 2. Modifications of TR 38.901 for the NLOS channel models
	Original steps in 38.901 for small scale parameters:


Step 5: Generate cluster delays
Step 6: Generate cluster powers
Step 7: Generate arrival angles and departure angles for both azimuth and elevation.
Step 8: Coupling of rays within a cluster for both azimuth and elevation
Step 9: Generate the cross polarization power ratios
Step 10: Draw initial random phases
Step 11: Generate channel coefficients for each cluster
	Modified steps in 38.901 for small scale parameters based on method 1

Step 5 is omitted.
Step 6-7 is reused.
Step 8: within each cluster, pairing the arrival path and departure path based on reflection relationship.
Step 9: fix the angle parameters based on pairing result.
Step 10: generate the delays for each ray of each cluster based on pairing result
Step 11: Generate the cross polarization power ratios
Step 12: Draw initial random 
Step 13: Generate channel coefficients for each cluster

	Modified steps in 38.901 for small scale parameters based on method 2

Step 5: Generate the delay for each rays of each cluster.
Step 6 is reused.
Step 7: Generate departure angle for each ray of each cluster.
Step 8: for each ray in one cluster, derive arrival angle AOA and ZOA based on reflection relationship.
Step 9: Generate the cross polarization power ratios
Step 10: Draw initial random phases
Step 11: Generate channel coefficients for each cluster




[bookmark: p1]Proposal 1: Adopt the NLOS modelling methods discussed in this paper for the evaluation of NR positioning performance under IIOT scenarios.

Network synchronization techniques
There are many existing solutions for supporting network synchronization, as summarized in Table 3. As shown in the table, these solutions are capable of supporting the time synchronization with 100ns~2.5s for the wireless network. However, they are not accurate enough for supporting high-accuracy sub-meter positioning accuracy of Rel-17. 
[bookmark: _Ref47197020]Table 3: Existing solutions (3GPP TR 36.898)
	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 the load of the network. See applicable ITU-T recc.(e.g. G.8261.1)

	IEEE1588 PTP for freq/phase sync  (partial timing support understudy)
	±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 Rel-17 NR positioning with 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.
NR network synchronization based on NR signals
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this section, we discuss the use of the NR signals with the target of providing ns-level synchronization accuracy and perfect frequency synchronization.

Figure 4 illustrates the basis for the proposed network synchronization method, using both time and frequency synchronization between two cells as an example, where 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 here that the Cell 1 also transmits the carrier phase reference signal (C-PRS)) (See [6] for more details of the description of the C-PRS). Once 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 tracked 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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[bookmark: _Ref47196799]Figure 4  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 4 can be extended to different implementations. For example, we may use one cell as a reference to monitor the PRS and C-PRS from multiple cells to achieving the network synchronization among these cells as shown in Figure 5.
The proposed approach offers the following salient advantages:
· It works without the dependency of external signals
· It can work by reusing NR signals transmitted for NR data communication and/or NR positioning without additional RF resources
· It may save significant deployment cost in the installation and implementation of the network
· Full time, phase and frequency synchronization can be achieved for precise UE positioning (e.g., cm-level positioning).
· When the phase lock loop (PLL) of a cell is locked to the carrier signal from another cell, any the time and phase changes between cells, which may be caused by clock drifts and frequency offset or other factors, are tracked by the PLL.
· Optimized network synchronization solutions can be developed that supports flexible configuration of the resource usage, information exchanges among the cells (e.g., timing measurements) 

[image: ]
[bookmark: _Ref47196820]Figure 5: Time and frequency synchronization based on PRS and C-PRS signals with multiple cells

Simulation Results
The proposed RAT-dependent network synchronization technique is evaluated with the indoor office scenario as defined in TR 38.855. The layout of the BSs of the indoor office scenarios is shown in Figure 6.
[image: ]
[bookmark: _Ref47196833]Figure 6: Layout of indoor office scenarios

Table 4 presents the parameters related to the evaluation. Most of the parameters are adopted from the indoor office scenario as defined in TR 38.855.
[bookmark: _Ref47197033]Table 4: Parameters for evaluations
	Parameter
	Descriptions


	Channel model (baseline, otherwise state any modifications)
	According to 3GPP TR 38.901 (Indoor Open Office)

	Carrier frequency 
	4GHz

	Subcarrier spacing
	15KHz

	Reference Signal Transmission Bandwidth
	5MHz

	Reference signal (type of sequence, number of ports, …) 
	Gold sequence
1 port

	Number of sites
	12

	Number of symbols used per occasion
	13

	PRS occasion periodicity
	1s

	Power-boosting level
	6dB

	interference modelling (ideal muting, or other)
	Ideal muting

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and Rx sides)
	Wide Tx beam without beam sweeping is assumed. No Rx beam sweeping.

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx: 64 antenna elements
Rx: 4 antenna elements
codebook: 64*1 precoder used to generate a wide beam

	Initial network synchronization error
	1 us



[image: ]
[bookmark: _Ref47196687]Figure 7: Time synchronization performance

Figure 7 illustrates the network synchronization performance based on the proposed approach. As shown in the figure, with the proposed approach, the network synchronization accuracy improves with the time and is able to achieve very precise time synchronization.
[bookmark: p2]Proposal 2: In Rel-17, RAN1 should investigate the use of the RAT-dependent network synchronization techniques for NR positioning, where the precise network synchronization is achieved by monitoring the reference signals transmitted from TRPs.

Conclusion
In this paper, we discussed two methods for the modification of the NLOS model in TR 38.901 for providing the proper relationship among reflection point, angular information and propagation delays. In addition, we discussed the use of RAT-dependent reference signals for precise time synchronization among the TRPs for NR positioning. Based on the discussion, we propose:
Proposal 1: Adopt the NLOS modelling methods discussed in this paper for the evaluation of NR positioning performance under IIOT scenarios.
Proposal 2: In Rel-17, RAN1 should investigate the use of the RAT-dependent network synchronization techniques for NR positioning, where the precise network synchronization is achieved by monitoring the reference signals transmitted from TRPs.
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