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Introduction
In RP-170734, the motivation to provide high accuracy location capability in NR has been justified. 
In this contribution, we discuss about the potential enhancements for NR positioning. This is an update of our previous contribution R1-1811053.
Enhancements for NR positioning
NR supports multiple numerologies. With the increase of the subcarrier spacing and bandwidth, the RSTD measurements and the UE Rx-Tx time difference errors decrease. Therefore, measurement accuracy requirements should be made according to different numerologies.
Proposal 1: Measurement requirement is defined based on NR numerology and bandwidth.
Beam-related positioning reference signal should be supported in NR positioning. By generating narrow beams that may direct to the UE, the RSTD measurement and UE Rx-Tx time difference can be measured based on the LOS arrival time of the positioning reference signal, which enhances the positioning accuracy. This can be achieved by configuring multiple positioning RS (PRS) resources for UE to measure through NPP. On the other hand, when UE reports measurement results together with the corresponding resource index, the beam related direction information could be further utilized by the server to enhance the positioning accuracy. Therefore, we have the following proposal.
[bookmark: _GoBack]Proposal 2: Multi-beam-based positioning reference signal configuration and beam-related measurement reporting should be supported for NR positioning enhancement.
However, the overhead should be considered in the PRS design to leverage positioning accuracy and throughput performance. In LTE, the PRS was designed to span the whole slot and can be configured in consecutive slots so as to provide signal accumulation for obtaining better timing estimation. However, under the multi-beam PRS design, this may result in a large overhead in time domain and the number of consecutive DL slots may not be enough for a cycle of multi-beam PRS. Thus, it is proposed to study PRS design schemes with low overhead in time domain.
Proposal 3: To support multi-beam-based PRS configuration, low time-domain overhead PRS design should be considered.
Moreover, considering the larger bandwidth and shorter slot duration in NR, the PRS design should try to take advantage of these features to provide better positioning accuracy using RAT-dependent schemes. The following enhancements are also proposed to be considered.
Proposal 4: The following enhanced positioning reference signal design could be considered for NR positioning:
1. The positioning reference signal could occupy larger bandwidth.
2. New design for PRS to mitigate interference.

In LTE, the multi-cell E-CID was specified in the CA scenario. However, in real network, non-cosite CA was rarely deployed thus limiting the application of multi-cell E-CID. On the other hand, according to our estimation (see Appendix for details), multi-cell E-CID can provide better accuracy than single-cell E-CID and OTDOA, while not requiring synchronization among gNBs. Therefore, it is recommended to study enhancements for multi-cell E-CID in the NR positioning SI.
Proposal 5: Study enhancements for multi-cell E-CID in the NR positioning SI.
In RAN 1#94bis meeting, the requirements of the RAT-dependent techniques for commercial use cases were agreed as [3] m and [10] m horizontal errors for [80]% UEs in indoor and outdoor environments, respectively. In addition, the network synchronization error with a largest value of 100 ns was also agreed as the baseline assumption for all the evaluation scenarios, indicating that the network synchronization error has a great impact on the OTDOA/UTDOA positioning techniques, and should not be ignored when evaluating the positioning accuracy.
To meet the above commercial use case requirements and to further enhance the positioning accuracy of the OTDOA/UTDOA techniques, the compensation of the network synchronization error is a straightforward solution. A network synchronization error compensation method is proposed, as shown in Figure 1.
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Figure 1. The illustration of the network synchronization error compensation method.
Assume that between two gNBs, gNBs 1 and 2, there is a synchronization error of :
· Step 1: The gNB 1 first sends a positioning reference signal to gNB 2, by receiving the reference signal, gNB 2 is able to obtain the Rx-Tx time difference, which is , where  is the gNB 2 received timing of uplink radio frame #i,  is the gNB2 transmit timing of downlink radio frame #i, and  is the propagation time of the reference signal.
· Step 2: The gNB 2 sends a positioning reference signal to gNB 1 as well, and the gNB 1 can compute its Rx-Tx time difference, given by , where  is the gNB 1 received timing of uplink radio frame #i, and  is the gNB 1 transmit timing of downlink radio frame #i.
· Step 3: The gNBs 1 and 2 send the Rx-Tx time difference to the location server through NRPPa, at which the network synchronization error is computed as , and then compensated when determining the UE locations.
Proposal 6: Compensation schemes for the network synchronization errors should be studied for NR positioning.

Conclusions
Proposal 1: Measurement requirement is defined based on NR numerology and bandwidth.
Proposal 2: Multi-beam-based positioning reference signal configuration should be supported for NR positioning enhancement.
Proposal 3: To support multi-beam-based PRS configuration, low time-domain overhead PRS design should be considered.
Proposal 4: The following enhanced positioning reference signal design could be considered for NR positioning:
1. The positioning reference signal could occupy larger bandwidth.
2. New design for positioning reference signal to mitigate interference.
Proposal 5: Study enhancements for multi-cell E-CID in the NR positioning SI. 
Proposal 6: Compensation schemes for the network synchronization errors should be studied for NR positioning.
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Appendix: Estimation of NR positioning accuracy
Table 1: Estimation of NR positioning accuracy under single-cell E-CID + AoA estimation
	Measurement object
	Typical value in LTE
	Estimated typical value in NR

	
	
	FR 1
	FR 2

	UE Rx-Tx time difference 
	ETU 30:  < 2 Ts (20 MHz BW =15KHz *2048) [TR 36.855]
	Estimated: 2 Ts/4 (considering 100MHz BW=30KHz * 4096)
	Estimated: 2 Ts/16 (considering 400MHz BW =120KHz * 4096)

	eNB Rx-Tx time difference 
	Same as above
	Same as above
	Same as above

	AoA estimation error 
	30 degrees
	15 degrees
	5 degrees

	ISD
	500m for FR1 and 100m for FR2
UE moves from cell center to cell edge (UE to eNB distance: d)

	Antenna coordination error
	2m
	2m
	0.2m

	Total error estimated , 
 

	28m ~ 83m
	8m ~ 40m
	1.9m ~ 3.14m



Table 2: Estimation of NR positioning accuracy under multi-cell E-CID 
	Measurement object
	Typical value in LTE
	Estimated typical value in NR

	
	
	FR 1
	FR 2

	UE Rx-Tx time difference 
	ETU 30:  < 2 Ts (20 MHz BW =15KHz *2048) [TR 36.855]
	Estimated: 2 Ts/4 (considering 100MHz BW=30KHz * 4096)
	Estimated: 2 Ts/16 (considering 400MHz BW =120KHz * 4096)

	eNB Rx-Tx time difference 
	Same as above
	Same as above
	Same as above

	Geometry factor* g
	0.9 ~ 2

	Antenna coordination error
	2m
	2m
	0.2m

	Total error estimated , 
 

	25m ~ 55m
	6.8m ~ 15m
	1.7m ~ 3.5m


*Note that the error should consider both UE and eNB Rx-Tx time difference at the corresponding SNR level which is determined by the UE location. Here for simplicity, we use a simplified way to estimate the total positioning error, by using the geometry factor [1] to represent the impact of UE location on positioning accuracy.

Table 3: Estimation of NR positioning accuracy under OTDOA 
	Measurement object
	Typical value in LTE
	Estimated typical value in NR

	
	
	FR 1
	FR 2

	UE Rx-Tx time difference 
	ETU 30:  < 4 Ts (20 MHz BW =15KHz *2048) [TR 36.855]
	Estimated: 4 Ts/4 (considering 100MHz BW=30KHz * 4096)
	Estimated: 4 Ts/16 (considering 400MHz BW =120KHz * 4096)

	eNB synchronization error 
	0ns, 50ns, 200ns

	Geometry factor* g
	0.9 ~ 2

	Antenna coordination error
	2m
	2m
	0.2m

	Total error estimated , 
 

	35m ~ 78m [0ns eNB sync error]
38m ~ 84m [50ns eNB sync error]
64m ~ 143m [200ns eNB sync error]
	9m ~ 20m
16m ~ 36m
55m ~ 121m
	2.2m ~ 4.9m
13.6m ~ 30.4m
54m ~ 120m
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