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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In 3GPP RAN#83, the WID NR_POS [1] was approved. The objective of RAN1 includes
	If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]



In this contribution, we discuss the physical layer procedures to enable NR positioning, including mapping positioning techniques and the corresponding measurements.

Mapping between positioning techniques and measurements
We summarized the mapping in Table 1 based on the discussions in the study item. Note that we only list the essential measurements that make the positioning technique work. Other measurements to improve the performance could be considered further.

[bookmark: _Ref3811446]Table 1 Mapping between positioning techniques and measurements
	Positioning techniques
	UE measurements
	gNB measurement
	Serving cell only

	DL-TDOA
	RSTD
	
	No

	DL-AoD
	PRS-RSRP
	AoD, ZoD NOTE 1
	No

	UL-TDOA
	
	UL-RTOA
	No

	UL-AoA
	
	AoA, ZoA
	No

	E-CID
	UE Rx – Tx time difference
	gNB Rx – Tx time difference, AoA, ZoA
	Yes

	Multi-RTT
	UE Rx – Tx time difference
	gNB Rx – Tx time difference
	No

	NOTE 1: AoD and ZoD are measured based on PRS-RSRP measurement from UE.



We see that different techniques require different measurement and the procedure and the applicable deployment requirement are different. For example, DL-TDOA usually requires a tight “clock precision” requirement for commercial use case while DL-AoD does not. DL-TDOA can be supported if PRS is transmitted in a wide beam while DL-AoD requires multiple narrower beams. In addition, to ensure forward compatibility, making the positioning technique as standalone solutions can ensure the independent evolution in the future. Therefore, we recommend that all the techniques are specified as standalone.
Proposal 1: 
· Support all the positioning techniques including DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, E-CID, and multi-RTT, as standalone procedures.
· Send an LS to RAN2 and RAN3 to inform them of this decision.

UE procedure for receiving DL PRS
DL PRS timing
SFN initialization time
As discussed in our companion paper [3], with an SFN initialization time, and the PRS period and offset, the UE would know the PRS transmission time within the neighbouring cell frame structure when receiving the PRS. This information can help identifying the PRS sequence generation and frequency hop if supported.
QCL-TypeC indication
As discussed in our companion paper [3], PRS can be QCLed with an SSB or CSI-RS from the neighbouring cell. If the SSB/CSI-RS is already detected, it could help UE to identify the coarse receive timing for PRS, e.g., to at least determining a PRS search window, similar to the RSTD window in LTE. In addition, Doppler estimation could also help the UE in high speed mobility scenarios to compensate for the Doppler shift when receiving PRS.
For coarse receive timing and Doppler indication, QCL-TypeC to an SSB or a CSI-RS for mobility is sufficient.
Proposal 2: The PRS can be QCLed (type C) with SSB/CSI-RS to assist the UE to determine the PRS receive timing and Doppler.
PRS search window
In LTE, expectedRSTD and expectedRSTD-Uncertainty were used [7] to indicate the time domain window to locate the PRS. It takes into account the transmit time difference and propagation time difference. The propagation time difference is based on the a-priori estimation of the UE location at the location server.
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Figure 1 PRS search window construction in LTE
The motivation is to help the UE to identify when to receive the PRS from any neighbouring cell. Thus, if the SFN initialization time is already available at the UE (transmission time difference already known), only the propagation time difference is needed. Using the propagation time has the advantage of overhead reduction over the traditional expectedRSTD. For example, if the maximum distance between UE and a neighbouring cell is 10km, the propagation delay is 33us, which requires fewer bits than the expected RSTD that requires using 14 bits to represent the range of ±750us. 
In addition, if the SSB/CSI-RS can be detected for that cell, the UE would anyway reuse the SSB/CSI-RS to determine the PRS search window.
Proposal 3: The PRS search window is based on the expected propagation time.
DL PRS Rx beam indication
In FR2, both transmission and reception of PRS are based on analog beamforming. A quick beam pair link establishment can significantly reduce the measurement time. As discussed in section 3.1.2, an already-detected SSB/CSI-RS in RRM could help UE to identify the Rx beam to receive PRS if they are Type-D QCLed. 
Both SSB/CSI-RS for mobility and PRS can be transmitted from the same cell, so the cell already has the QCL information between those signals. The cell may report the SSB/CSI-RS along with PRS information to the LMF, and LMF configures UE with PRS and its QCLed source. If the UE is also configured with the SSB or CSI-RS by the serving cell in RRM, and UE has detected the SSB or CSI-RS, the UE could reuse the beam training in RRM.
In addition, even the SSB or the CSI-RS is not configured in RRM, indication of SSB as QCL-TypeD source for PRS is also beneficial:
· The SSB is always on, and there is no extra network overhead.
· The SSB may be transmitted with shorter period than the PRS, and the UE could take advantage of extra SSBs between two PRS occasions.
Proposal 4: The PRS can be QCLed (type D) with SSB/CSI-RS to assist the UE to perform Rx beamforming.
Symbol alignment
PRS could be transmitted from multiple gNBs that may not be strictly symbol-level aligned, e.g., because of different propagation time, as shown in Figure 2.
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[bookmark: _Ref3884654]Figure 2 Symbol misalignment of PRS reception
If the UE cannot identify the PRS symbol boundary or has identified that the PRS symbol boundary difference is more than the CP length, the UE can do the following:
· Alt. 1 Perform time-domain auto-correlation
· Alt. 2 Use multiple FFT windows if the symbol boundary is identified
· Alt. 3 Use a single FFT window to maximize the collected energy
Alt. 1 and Alt. 2 would inevitably increase the complexity, while for Alt. 3, the signal energy would decrease and interference energy would increase; causing SINR reduction. It also seems infeasible for the gNB to apply a DL TA to achieve symbol alignment at UE, since the PRS could be received by multiple UEs within multiple cells. Therefore, we have the following proposal:
Proposal 5: Consider how to address the receive symbol misalignment between gNBs at the UE, taking into account the trade-off between complexity and performance.
PRS reception with BWP
As discussed in our companion paper [3], to support BWP switching with numerology change without requesting a gap, the UE can be provided with multiple PRS resources with different numerologies for each cell, so that UE would only receive the PRS with same numerology as that of the active DL BWP. To support mismatch between bandwidth of PRS and BWP without requesting a measurement gap, the UE can receive the PRS within the BW of the active DL BWP. Therefore, we have the following proposal.
Proposal 6: For intra-frequency measurement and if measurement gap is not configured, UE is expected to measure the PRS resource with the numerology and within the bandwidth of the active DL BWP.
2-port PRS
The motivation of introducing 2-port PRS is discussed in our companion paper [3]. To facilitate LOS determination, if UE is configured to receive PRS with 2 antenna ports, UE shall assume that each of the 2 ports corresponds a respective polarization of the same antenna array(s).
UE procedure for transmitting SRS
SRS beamforming
In FR2, the UE needs to beamform the SRS towards a neighbouring gNB. One way is to configure the SRS with a DL RS transmitted from the target cell as the spatial transmission filter RS (TF-RS) as discussed in our companion paper [3]. This TF-RS could be SSB or CSI-RS.
Once configured, the UE has to train/track its Rx beam to receive the TF-RS, and apply the same beam as the Tx beam of SRS. The beam training/tracking procedure can be reused from elsewhere, e.g. RRM.
SRS power control
In the power control of SRS, one contributing factor is the pathloss , as described in [6].

 






-	 is a downlink pathloss estimate in dB calculated by the UE using RS resource index  as described in Subclause 7.1.1 for the active DL BWP of serving cell  and SRS resource set  [6, TS 38.214]. The RS resource index  is provided by pathlossReferenceRS associated with the SRS resource set  and is either a ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index
Since the SRS may be received by a neighbouring cell, one way is to configure the SRS with a DL RS transmitted from the target cell as the pathloss RS (PL-RS) as discussed in our companion paper [3]. This PL-RS could be the SSB or CSI-RS.
Once configured, UE can estimate the pathloss from a neighbouring cell, so that the SRS to a farther neighbouring cell can have higher power to improve the UL hearability.
SRS timing
In LTE and NR Rel-15, SRS timing, which specifically refers to the DL/UL frame/subframe/slot numbering where DL and UL is offset by the TA, is only based on the serving cell, since the SRS is only received by the serving cell. For NR positioning, when a neighbouring cell has to receive SRS, RAN1 has to decide whether the configuration and transmission of SRS can be based on the frame timing of the neighbouring cell, as shown in Figure 3.
Tx frame for the serving cell
Tx frame for the neighbouring cell

[bookmark: _Ref3910561]Figure 3 SRS transmission timing for the serving cell and the neighbouring cell
In our view, SRS timing should only be based on the timing of the serving cell due to the following considerations:
· Very small specification impact
· Low UE complexity since UE does not have to synchronize to a neighbouring cell
· No case observed that UE may need to transmit the SRS outside any of its UL carriers (no inter-frequency transmission of SRS)
· No case observed that the UE may transmit the  SRS in RRC_IDLE/RRC_INACTIVE state when the UE does not have any serving cell
· In the TDD band, neighbouring cells are assumed synchronized (within 3us) to one serving cell on a frequency layer
Although cells may not necessarily be synchronized for some FDD deployments, a neighbouring cell can convert the SRS timing based on the timing information of the serving cell. 
Proposal 7: Limit the SRS timing to the serving cell(s) in Rel-16.
SRS timing advance
In the current specifications [5][6], the UL TA is applied per TAG, where a TAG includes one or more serving cells. To transmit SRS to a neighbouring cell, if the TA applied to the serving cells also extends to the neighbouring cell, it would result in the difference between Rx symbol boundaries for the target UE. If the difference between Rx symbol boundary exceeds the CP length, it can cause strong interference to the UL transmission of the UEs served by the neighbouring gNB. This interference would not only lower the UL positioning measurement accuracy, but also affect the PUSCH/PUSCH/SRS reception in that neighbouring cell, as shown in Figure 4.
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[bookmark: _Ref3974034]Figure 4 Illustration of symbol misalignment at the neighbouring gNB between the target UE and served UEs 
To address this issue, a different timing advance for SRS transmission should be considered if the SRS is transmitted toward a neighbouring cell. For example, additional timing advance on top of the TA applied to the serving cell can be applied at the UE side. The additional TA can be determined by the UE based on DL reception of the signals from serving cell and the neighbouring cell. Note that the additional TA is only to ensure that the received UL SRS at the neighbouring cell is within the CP time of the intended UL symbol and, hence, its required accuracy is quite relaxed. As such, the received time at the neighbouring cell may be measured from a narrow-band DL RS such as a SSB of the neighbouring cell or a configured DL RS from the neighbouring cell that is used for pathloss or the SRS spatial domain transmission filter determination [3]. 
Proposal 8: An additional TA for the SRS transmission toward a neighbouring cell is defined.

Procedure for UL-AoA
For UL-AoA, the gNB reports the AoA/ZoA with respect to the UE based on SRS reception. Besides, each gNB can also report to the LMF an auxiliary measurement that describes the level of confidence of the reported AoA/ZoA. The same angle quality is also applicable to DL-AoD when the AoA/ZoA is based on DL signals and RSRP reporting from UE. 
When both angle estimate and angle estimate quality are available, least square or the particle swarm optimization (PSO) algorithms in [8] may be used to determine the UE location in an UL-AoA solution with an improved positioning accuracy.
Therefore, we propose
Proposal 9: Introduce the quality of AoA/ZoA measurements in the UL-AoA and DL-AoD report by gNB.

Procedure for DL-AoD
For DL-AoD, the UE has to receive multiple PRSs from each gNB, where each PRS is transmitted using a different beam, and report the RSRP. With the RSRP report, each gNB can obtain the AoD for the target UE.
UE Rx beamforming
Figure 5 provides the illustrative mechanism for DL-AoD. For simplicity, we assume that the LOS channel has a single direct path between the gNB and the UE. Different PRS beams would use different weights, thus resulting in a different RSRP. For example, PRS #1 is not aligned with the path direction, thus the channel impulse response would be small, and a low RSRP would be observed. PRS #3 is basically aligned with the path direction, thus the RSRP is high. PRS #2 is between PRS #1 and PRS #3. With the 3 RSRPs, the path direction can be estimated.
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[bookmark: _Ref4601686]Figure 5 UE Rx beamforming for DL-AoD

Since the UE Rx beam should also be taken into account when RSRP is measured for FR2, a common Rx beam is needed to receive the multiple Tx beams, so that the RSRP difference is only determined by the gain difference between Tx beams, which in turn is mapped to the angle. Otherwise, the gain difference between Rx beams would also contribute to the RSRP difference, thus compromising the algorithm to find the correct angle of departure.
Proposal 10: For DL-AoD, a single Rx beam is applied to receive multiple PRS beams transmitted from the same gNB.
Which Rx beam to use seems to have little impact in a noise-free environment as long as a single Rx beam is guaranteed. However, in the presence of noise, a proper Rx would increase the receive power, and thus a more accurate RSRP can be obtained. Figure 6 compares the r.m.s. error for AoD and ZoD against Tx SNR for the following Rx beam selection criteria
· Alt. 1 Optimal Rx beam
· Alt. 2 A fixed Rx beam randomly selected from the 7 neighbouring Rx beams to the optimal one
The Tx SNR is defined as the SNR without considering the antenna gain and beamforming gain at both Tx and Rx. Details of simulation setup can be found in the Appendix.
It is observed that an optimal Rx beam would yield a more accurate AoD/ZoD estimate, especially for low SNR regions.
Observation 1: A proper Rx beam can provide a better RSRP estimate and thus a more accurate AoD/ZoD.

[image: ]
[bookmark: _Ref4601697]Figure 6 Error of AoD/ZoD estimates

Number of reported RSRPs
For a cell, the more RSRPs reported, the more accurate the angle estimation. For example, if a single RSRP is reported and if it is based on the highest RSRP, the UE location can only be estimated based on the direction of the beam with the reported RSRP, which may be too coarse for commercial requirements. With more than a single RSRP, a finer angle resolution can be achieved.
Ideally, a UE should report all RSRPs. However, the overhead may be too high. Therefore, we propose to have a configurable number of RSRPs to report. When the configured number of RSRPs is less than the number of PRS resources, the UE should select the highest ones.
Proposal 11: NR supports a configurable number of RSRPs to report, and when the number of RSRPs is less than the number of PRS resources, the UE reports the highest RSRP(s).

Procedure for E-CID based positioning
In the SI, there were differing views on how E-CID positioning should be understood. In our view, for Rel-16, we do not see any need in the fundamental change to the LTE E-CID, where the UE location is based on the RTT and AoA/ZoA at the serving gNB, with possible inclusion of RSRP and RSRQ.
Proposal 12: Clarify that E-CID is based on RTT and AoA/ZoA at the serving gNB, with possible inclusion of RSRP and RSRQ.
RTT
For RTT measurements, the UE has to measure the Rx – Tx time difference. For the serving cell, it should be based on the time difference between DL frame and UL frame, instead of any specific reference signal or channel. Therefore, there is no need to introduce any new procedure for Rx – Tx time difference measurement for E-CID or define any signal/channel for UE to calculate UE Rx – Tx time difference.
The same applies to the measurement of the gNB Rx – Tx time difference.
AoA/ZoA
AoA/ZoA measurements can be based on DL RSRP measurements and reporting to the gNB, or it can be based on UL measurement at the gNB side. The DL RSRP measurements and UE reporting can already be supported by the DL beam management P2 procedure, whereas the UL measurement at gNB can also be based on any signal/channel available at gNB from this UE. Therefore, there is no need to introduce any procedure for AoA/ZoA measurement for E-CID or define any signal/channel for UE or gNB to calculate AoA/ZoA.
RSRP and RSRQ
In LTE, RSRP and RSRQ measurements are based on CRS. For NR, SS-RSRP and CSI-RSRP are defined. The CSI-RS configuration is UE specific and may not be available at the LMF. However, the PRS configuration is available. We suggest to limit the RSRP and RSRQ measurements to SS-RSRP, SS-RSRQ, and PRS-RSRP if defined.
In addition, for NR Rel-15 mobility procedures, both cell-level RSRP/RSRQ and beam-level RSRP/RSRQ are defined. In our understanding, the beam level RSRP/RSRQ can help identify the UE location, thus beam level RSRP/RSRQ should be supported for E-CID.
Proposal 13: No new physical layer procedure is needed for E-CID.

Procedure for RTT-based positioning
RTT-based positioning extends the measurement related to RTT in E-CID between UE and the serving cell to between UE and neighbouring cells. 
Since the UE may have tight DL and UL operations with both serving cells and neighbouring cells, network synchronization should be taken into account. Then, the physical layer procedure of RTT can be viewed as the combination of DL-TDOA and UL-TDOA. No new physical layer procedure is needed.
Proposal 14: No new physical layer procedure other than DL-TDOA and UL-TDOA is needed for RTT-based positioning.
Synchronous cells
The synchronization of TDD cells is assumed by RAN4 [2] with the maximum error of less than 3μs. When the cells are synchronous, the UE may use the timing of the serving cell to receive DL RSs from a neighbouring cell, and to transmit UL RSs to a neighbouring cell. 
Asynchronous cells
The synchronization of FDD cells is not assumed, in which case directly reusing timing from the serving cell to transmit or receive for a neighbouring cell is not straightforward since system frame, slot number, or symbol number are not aligned between the cells.
As explained in section 4.3, we discussed SRS timing, and explained the benefits of keeping SRS timing based on the serving cell. However, when deriving Rx – Tx time difference at UE side and neighbouring gNB side, there are some issues to address. Figure 7 shows how the UE receives the DL PRS from a neighbouring gNB, and transmits the SRS to a neighbouring gNB and the associated neighbouring gNB timeline. As all transmission is based on its own timing, the reception would have to be based on the transmit timing. Therefore, to calculate the Rx – Tx time difference at either UE or neighbouring gNB, the receiver has to find a transmit subframe or slot that is closest in time to the receive subframe or slot. Detailed definition of Rx – Tx time can be found in our companion paper [4].
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[bookmark: _Ref3995492]Figure 7 Rx – Tx time difference for asynchronous cells
Proposal 15: For asynchronous cells, the Rx – Tx time difference at the UE/neighbouring gNB is based on the Rx subframe/slot of the neighbouring gNB/UE and the closest Tx subframe/slot of the UE/neighbouring gNB.

Conclusion
In this contribution, we discussed the mapping between positioning techniques and the corresponding physical layer procedure at UE and gNB to support NR positioning. Based on the discussion, we have the following proposals and observations:
Observation 1: A proper Rx beam can provide an accurate RSRP estimate and thus an accurate AoD/ZoD.
Proposal 1: 
· Support all the positioning techniques including DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, E-CID, and multi-RTT, as standalone procedures.
· Send an LS to RAN2 and RAN3 to inform them of this decision.
Proposal 2: The PRS can be QCLed (type C) with SSB/CSI-RS to assist the UE to determine the PRS receive timing and Doppler.
Proposal 3: The PRS search window is based on the expected propagation time.
Proposal 4: The PRS can be QCLed (type D) with SSB/CSI-RS to assist the UE to perform Rx beamforming.
Proposal 5: Consider how to address the receive symbol misalignment between gNBs at the UE, taking into account the trade-off between complexity and performance.
Proposal 6: For intra-frequency measurement and if measurement gap is not configured, UE is expected to measure the PRS resource with the numerology and within the bandwidth of the active DL BWP.
Proposal 7: Limit the SRS timing to the serving cell(s) in Rel-16.
Proposal 8: An additional TA for the SRS transmission toward a neighbouring cell is defined.
Proposal 9: Introduce the quality of AoA/ZoA measurements in the UL-AoA and DL-AoD report by gNB.
Proposal 10: For DL-AoD, a single Rx beam is applied to receive multiple PRS beams transmitted from the same gNB.
Proposal 11: NR supports a configurable number of RSRPs to report, and when the number of RSRPs is less than the number of PRS resources, the UE reports the highest RSRP(s).
Proposal 12: Clarify that E-CID is based on RTT and AoA/ZoA at the serving gNB, with possible inclusion of RSRP and RSRQ.
Proposal 13: No new physical layer procedure is needed for E-CID.
Proposal 14: No new physical layer procedure other than DL-TDOA and UL-TDOA is needed for RTT-based positioning.
Proposal 15: For asynchronous cells, the Rx – Tx time difference at the UE/neighbouring gNB is based on the Rx subframe/slot of the neighbouring gNB/UE and the closest Tx subframe/slot of the UE/neighbouring gNB.
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Appendix A
This section describes the simulation setup for the Rx beam selection in the DAoD evaluation. The antenna configuration is based on the scenario of indoor open office as in [9]. The top view of the base station and UE is given in Figure 8. The other parameters are summarized in .
gNB panel
UE panel


[bookmark: _Ref4600111]Figure 8 Layout of gNB and UE
	Parameter
	Value
	Description

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ
The polarization angles are 45° and -45°.
One TXRU per polarization per panel is assumed.
	

	gNB antenna radiation pattern
	8dBi
	

	UE antenna configuration
	(M, N, P) = (2, 4, 2), dH=dV=0.5λ
The polarization angles are 0° and 90°.
The antenna elements of the same polarization of the same panel is virtualized into one TXRU.
	

	UE antenna radiation pattern
	5dBi
	

	gNB beam configuration
	3x5 2-D DFT beams
	3 for vertical
5 for horizontal

	Angle range for beam gains
	ZoD = 45:0.2:135;
AoD = -70:0.2:70;
	The prestored gains of the 15 beams in those directions

	UE beam configuration
	O=4 oversampled 2D DFT beams
	

	UE ZoD/AoD distribution
	ZoD: uniform [70, 110]
AoD: uniform [-30, 30]
	

	gNB panel orientation
	
	TR 38.901.

	UE panel orientation
	, d: uniform [-2,2]
: uniform [-2,2]

	UE panel facing gNB.
Random roration within 2 degrees.
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