3GPP TSG RAN WG1 Meeting #102-e 	R1-2005253
E-meeting, August 17th – 28th, 2020

Agenda Item:	8.5.3
Source:	Huawei, HiSilicon
Title:	Positioning enhancement in Rel-17
[bookmark: _GoBack]Document for:	Discussion and Decision 


Introduction
The SID [2] includes the following objective regarding enhancement for general commercial uses case and IIoT use case
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
In this contribution, we will present our view on Rel-17 positioning enhancement.

Scope of enhancement
We suggest to consider the following general enhancements.
Enhancement to DL PRS
PRS RE mapping patterns
In Rel-16, we have the PRS RE mapping with staggering [1] that is shown in Table 1.
[bookmark: _Ref30063016]Table 1 Agreed PRS patterns in Rel-16
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	{0,6,3,9,1,7,4,10,2,8,5,11}



In our view, to reduce latency for the IIoT scenario, 1-symbol PRS pattern should be supported and 2-symbol PRS pattern should be enhanced to include other comb values. Note also that the propagation delay is limited in the indoor scenario. As such, there is less demand for reducing ambiguity from the comb structure and, therefore, full staggering is no longer needed.
PRS multiplexing with other signals/channels
We have agreed in Rel-16 [1] [3] on the following behavior regarding PRS multiplexing with other DL reference signals and channels: 
	Agreement:
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH
· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols
· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)
Agreement:
In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, at least in FR2, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE. Behaviour in FR1 is up to RAN4 to decide.
Include this agreement in an LS to RAN4.
Agreements:
FR1: 
· UE behavior on scheduling restriction in FR1 shall be the same as agreed for FR2.
FR2:
· UE behavior on scheduling restriction in FR2 is according to the following RAN1 agreements:
· “In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE.”
· Impact of the above rule on the scheduling restriction on PRS based measurement requirements and the priority between data and measurement in RAN4 spec are FFS.
· If any problem is identified by RAN4 then how to resolve it is FFS.



It is very challenging to meet the tight latency requirement for both positioning and other communication services if such a restriction is still applied. Possible enhancement to relax such a restriction is crucial for the IIoT scenario.
PRS aggregation
Rel-16 only supports up to 272 RB for a PRS resource, which is maximum 100MHz for the bandwidth in FR1. Similar to CA to increase the data rate, PRS aggregation can increase the effective PRS bandwidth, which further improves the TOA measurement accuracy, without breaking the maximum 100MHz/400MHz single carrier bandwidth specified by RAN4 for FR1 and FR2, respectively.
In summary, we propose the following enhancement for PRS.
Proposal 1: The enhancement of PRS should include studying
· Partial staggering and non-staggering PRS RE mapping
· Simultaneous reception of PRS along with other signals/channels.
PRS aggregation

Enhancement to SRS
SRS RE mapping pattern
SRS RE mapping with staggering for Rel-16 is given in Table 2. Similar to PRS, we think 1-symbol SRS and 2-symbol SRS resource mapping should be enhanced to support all comb sizes.
[bookmark: _Ref30063178]Table 2 Agreed SRS pattern in Rel-16
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	{0}
	{0, 1}
	{0, 1, 0, 1}
	N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3},
	{0,2,1,3, 0,2,1,3}
	{0,2,1,3, 0,2,1,3, 0,2,1,3}

	8
	N/A
	N/A
	{0,4,2,6}
	{0,4,2,6,1,5,3,7}
	{0,4,2,6,1,5,3,7,0,4,2,6}


Handling of SRS cyclic shift
There has been some issues regarding the counter-effect from cyclic shift on the SRS staggering pattern which have been addressed in some contributions in Rel-16. Namely, the SRS staggering will effectively increase the ambiguity region when gNB searches SRS, while multiplexing SRS with different cyclic shifts will somehow reduce the ambiguity region.
Rel-16 cyclic shift design allocates the cross-correlation peaks [7] inefficiently as shown in Figure 1. The full-staggering pattern increases the ambiguity region to OFDM symbol duration, i.e. (-N, N). However, for the 12 cyclic shifts used in comb-4 structure, the separation between them is only N/48, where the main cross correlation peaks are within (-N/4, N/4).
[image: ]
[bookmark: _Ref40103277]Figure 1 SRS cross-correlation peaks
Due to limited time, these issues were not solved in Rel-16. Therefore, we suggest solving these issues to efficiently use staggering and cyclic shifts and set ambiguity region to the reasonable range in Rel-17.
SRS carrier aggregation
Similar to PRS aggregation, the existing carrier aggregation for SRS can also be used to increase the effective SRS bandwidth.
In summary, we propose the following enhancement for SRS.
Proposal 2: The enhancement of SRS should include studying
· Partial staggering and non-staggering SRS RE mapping
· Enhancement on cyclic shift pattern considering staggering
· Simultaneous SRS transmission across CCs

Enhancement to measurement
Multipath measurements
Multi-path assisted positioning was discussed in Rel-16 positioning study item [4] and introduced by RAN2 by adopting LTE additional path reporting mechanism. Since only timing information was supported for multiple path in Rel-16, we suggest studying the potential benefit of reporting angle and power information associated with each path, so that a full utilization of multi-path measurement can be realized to improve the positioning accuracy.
To evaluate the potential benefit of multi-path assisted positioning, we suggest to consider explicit wall reflection in the channel model [5] similar to the feature of explicit ground reflection. The procedures of explicit wall reflection is shown in the Appendix.
NLOS/LOS identification
NLOS/LOS identification was discussed in Rel-16 positioning study item where the measurements corresponding to NLOS could be precluded to improve positioning accuracy if the multipath information in the NLOS channel is not useful [4]. 
The utilization of signal properties and measurements could be helpful to identify NLOS/LOS. The location algorithm could be further optimized and positioning accuracy could be improved if each measurement can be labeled with LOS or NLOS.
The following cases are evaluated for FR1 and FR2 in InF-DH. We will evaluate 2D and 3D localization with the positioning techniques UL-TDOA+UL-AOA, and Multi-RTT. In case the number of LOS BSs are not sufficient to yield a positioning fix, some NLOS BSs are added. The evaluation results are shown in Table 3. Other parameters can be found in the Appendix A. 
[bookmark: _Ref46916556][bookmark: _Ref46916535]Table 3 Parameters of each case in InF-DH
	Parameter
	Case 1
(FR1)
	Case 2
(FR1)
	Case 3
(FR1)
	Case 4
(FR1)
	Case 5
(FR1)
	Case 6
(FR1)

	
	Case 7
(FR2)
	Case 8
(FR2)
	Case 9
(FR2)
	Case 10
(FR2)
	Case 11
(FR2)
	Case 12
(FR2)

	Positioning technique
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO

	Clutter parameters
	Baseline
{40%, 2m, 2m}
	Option 
{40%, 3m, 5m}

	UE/gNB height
	Fixed UE/gNB height  
	UE height within [0.5, 3];
gNB height {4, 8}.

	Algorithm
	No NLOS/LOS detection, and Ideal NLOS/LOS detection



The positioning error of 50%, 67%, 80%, 90% and 95% for all cases are summarized in Table 4.The detailed simulation results can be found in Figure 3~Figure 6 in the Appendix B.
[bookmark: _Ref47341580]Table 4 Positioning accuracy (in unit of meter)
	
	Case
	50%
	67%
	80%
	90%
	95%

	FR1
	1
	LOS
	0.0216
	0.0318
	0.0460
	0.0735
	0.1199

	
	
	NLOS+LOS
	0.0702
	0.1673
	0.3825
	1.0453
	2.8012

	
	2
	LOS
	0.0423
	0.0591
	0.0901
	0.1756
	0.7138

	
	
	NLOS+LOS
	0.0721
	0.2035
	0.6628
	1.9481
	4.4855

	
	3
	LOS
	0.0205
	0.0296
	0.0425
	0.0692
	0.1129

	
	
	NLOS+LOS
	0.0742
	0.1792
	0.4392
	1.3838
	3.3913

	
	4
	LOS
	0.0652
	0.0972
	0.2048
	4.9241
	14.9651

	
	
	NLOS+LOS
	0.0694
	0.1155
	0.3930
	9.9935
	18.0347

	
	5
	LOS
	0.0294(H)
	0.0462(H)
	0.0769(H)
	0.2114(H)
	1.1944(H)

	
	
	
	0.0133(V)
	0.0214(V)
	0.0346(V)
	0.0792(V)
	0.3718(V)

	
	
	NLOS+LOS
	0.3405(H)
	1.0103(H)
	2.3157(H)
	5.1203(H)
	7.9726(H)

	
	
	
	0.0905(V)
	0.2923(V)
	0.7287(V)
	1.3239(V)
	1.8648 (V)

	
	6
	LOS
	0.0847(H)
	0.1881(H)
	0.6520(H)
	6.7939(H)
	14.9551(H)

	
	
	
	0.1288(V)
	0.3008(V)
	0.6499(V)
	1.1739(V)
	1.7147(V)

	
	
	NLOS+LOS
	0.1721(H)
	1.3411(H)
	7.4143(H)
	15.4966(H)
	23.8238(H)

	
	
	
	0.2176(V)
	0.6510(V)
	1.1742(V)
	1.7622(V)
	2.1000(V)

	FR2
	7
	LOS
	0..0155
	0.0221
	0.0323
	0.0653
	0.1301

	
	
	NLOS+LOS
	0.0732
	0.1728
	0.3750
	0.9277
	2.1001

	
	8
	LOS
	0.0046
	0.0067
	0.0105
	0.0241
	0.2173

	
	
	NLOS+LOS
	0.0317
	0.1905
	1.0572
	4.1555
	10.5087

	
	9
	LOS
	0.01605
	0.0235
	0.0357
	0.0737
	0.1705

	
	
	NLOS+LOS
	0.0943
	0.2314
	0.4973
	1.3007
	2.6211

	
	10
	LOS
	0.0052
	0.0079
	0.0138
	0.0681
	5.2327

	
	
	NLOS+LOS
	0.3364
	0.9128
	2.4777
	5.7209
	10.7382

	
	11
	LOS
	0.0129 (H)
	0.0211 (H)
	0.0445 (H)
	0.1793 (H)
	1.5073 (H)

	
	
	
	0.0066 (V)
	0.0118 (V)
	0.0219 (V)
	0.0587 (V)
	0.3638 (V)

	
	
	NLOS+LOS
	0.1297 (H)
	0.4173 (H)
	1.1042 (H)
	2.6878 (H)
	5.1519 (H)

	
	
	
	0.0361 (V)
	0.1075 (V)
	0.2471 (V)
	0.5573 (V)
	0.9884 (V)

	
	12
	LOS
	0.0075 (H)
	0.0245 (H)
	0.7315 (H)
	10.0103 (H)
	20.8279 (H)

	
	
	
	0.0124 (V)
	0.0412 (V)
	0.4290 (V)
	1.4823 (V)
	2.0097 (V)

	
	
	NLOS+LOS
	0.5012 (H)
	2.2343 (H)
	6.6096 (H)
	15.6304 (H)
	24.2192 (H)

	
	
	
	0.3436 (V)
	0.9021 (V)
	1.5 (V)
	1.9555 (V)
	2.1766 (V)



Observation 1:  LOS/NLOS detection is an important factor affecting positioning accuracy. When the ideal LOS/NLOS detection is applied, the positioning accuracy could be greatly improved.
Observation 2:  For InF-DH with fixed UE/gNB height, the accuracy of less than 0.2m@90% can be achieved with UL-TDOA+UL-AOA and Multi-RTT with LOS/NLOS detection.
Observation 3:  For modified InF-DH with variable UE/gNB height, the accuracy of less than 0.5m@90% can be achieved with UL-TDOA+UL-AOA with LOS/NLOS detection.
CSI measurements
Positioning in NLOS environment is extremely challenging. The current solution is provided by E-CID using RRM measurement based on RSRP/RSRQ finger-printing. A more refined measurement based on small scale parameters such as channel impulse response (CIR) or channel frequency response (CFR) can improve the positioning accuracy.
Rx/Tx diversity
The scale of distributed antennas for UE should be further considered for positioning accuracy as high as up to 0.2m. For example, the size of an automated guided vehicle (AGV) or a robotic arm with multiple tags should not be ignored when the positioning accuracy requirement is 0.2m. Furthermore, the relative location between different tags mounted on the AGV or the robotic arm can be further exploited to increase the positioning accuracy. In Rel-16, the measurement from Rx diversity is totally up to the UE implementation [6]: 
	Conclusion:
How to determine the RSTD measurement and UE Rx-Tx time difference measurements that are reported when receiver diversity is used by the UE is up to UE implementation and is not specified by measurement definition.



For Rel-17 IIoT positioning, the Rx diversity and Tx diversity should be further studied.
E-CID enhancement
NR E-CID does not support RTT measurements for the serving cell in Rel-16. AoA was introduced in RAN3 in the latest RAN3 meeting. NR E-CID is mainly a DL positioning technique based on RSRP finger-printing. Therefore, NR E-CID in Rel-16 may have a worse accuracy than LTE E-CID. 
Angle measurement enhancement
In case that gNB antenna scale is small, e.g. ULA for the indoor case, normally it is assumed that the horizontal AoA can be estimated if the ULA is placed in the horizontal plane. However, the estimation may suffer from bias if UE and gNB are not in the same horizontal plane.
[image: ]
[bookmark: _Ref47001679]Figure 2 Illustration of AoA estimation based on ULA
As shown in Figure 2, the real AoA  is the angle in the horizontal plane, and the angle estimation based on phase difference between antenna elements will only provide the estimate of the angle between UE and the antenna array ().
One can find the relation between , , and  (ZOA) as follows

If UE and gNB antennas are almost on the same horizontal plane, which means that , one can easily find the following relation


However, if they are far from being on the same horizontal plane, the impact from a smaller  will not be neglected, and with an unknown , the real AoA  cannot be estimated.
Multi-RTT enhancement 
Rel-16 only supports UE Rx – Tx time difference and gNB Rx – Tx time difference based on SRS for positioning and does not support the time difference based on SRS for other purposes. In our view, in the IIoT scenario where the coverage is not a major issue and UE is expected to be positioned by nearby base stations, other SRSs not optimized for the purpose of positioning can also be used to reduce the overhead from UE/network and the UE power consumption for RTT.
DL-AoD enhancement
In Rel-16, DL-AoD angle calculation is by LMF itself. However, the respective NRPPa signal does not provide the full beam radiation pattern to help LMF calculate the angle based on RSRP report from UE. This will compromise DL-AoD positioning method, or will require additional OAM configuration of the beam pattern to the LMF. As already discussed in Rel-16, we suggest to either consider NG-RAN calculate the angle or adopt the detail beam information exposure to LMF from NG-RAN.
In summary, we have the following proposal regarding enhancement to measurements.
Proposal 3: The enhancement of measurement should include studying
· Multi-path measurements associated with angle/power measurements
· NLOS/LOS identification
· CSI measurements
· Rx/Tx diversity based reporting
· E-CID enhancement to incorporate RTT measurement based on the serving gNB(s)
· AoA measurement enhancement targeting ULA
· Use of SRS configured by SRS-Resource for multi-RTT
· DL-AoD accuracy enhancement

Enhancement to physical layer procedure
UE procedure for receiving PRS
Reserving a large portion of time-frequency resources for PRS from gNB perspective in IIoT scenario seems inefficient. Multiplexing PRS with other DL reference signals intended for the same UE or different UEs can reduce latency. An issue for enabling flexible PRS multiplexing with other signals/channels that needs to be solved is how to indicate to the UE that some resources are not available for PRS of the serving or neighbouring cells because a single RE should typically be used for one signal/channel. 
Rel-16 only supports periodic PRS whose transmission/reception schedule is pre-arranged. Normally, when UE receives the assistance data from the LMF, it has to wait for the next transmission occasion of the PRS which causes a possible queuing delay. Aperiodic PRS can solve this issue by scheduling PRS from the serving cell particularly for the UE in a timely manner to reduce the physical layer latency.
Proposal 4: The enhancement of UE procedure of receiving PRS should include studying
· Flexible PRS multiplexing with other signals/channels
· Aperiodic PRS only from the serving cells.

UE procedure for transmitting SRS
In Rel-16, closed-loop power control is not supported for SRS for positioning which means that the power of SRS for positioning is not subject to any TPC command. This results in inflexibility and potential interference within the serving cell. As such, we believe that supporting closed loop power control should be studied in Rel-17. In some cases it may not be feasible to update the SRS power control adjustment state based on TPC command values in a DCI. For instance, the TPC message needs to be originated from the target neighbouring cell. In such cases, closed loop power control may be disabled in SRS configuration.
Proposal 5: The enhancement of UE procedure of transmitting SRS should include studying
· Closed-loop power control of SRS for positioning

Aspects regarding RRC_IDLE/INACTIVE state positioning
As RRC_IDLE/INACTIVE state positioning attracted much attention during the RAN email discussion, we provide our view regarding the potential enhancements to enable positioning in RRC_IDLE/INACTIVE state: 
· UL RS
· Usage of PRACH during RRC_IDLE/INACTIVE state
· Transmission of SRS during RRC_INACTIVE state
· Measurements
· Measurements of DL PRS during RRC_IDLE/INACTIVE state
· Report in RRC_INACTIVE state for the measurements based on DL PRS 
· Physical layer procedure
· UE procedure regarding transmission of UL signals/channels in IDLE/INACTIVE state
Based on our understanding, measurement of DL PRS during RRC_IDLE/INACTIVE state should be prioritized considering very minor RAN1/RAN2 specification impact. Measurement reporting in RRC_INACTIVE state should follow the mechanism in Rel-17 for small data transmission.
For transmission of UL signals/channels in INACTIVE state, the details should be studied.
Proposal 6: Support measurement of DL PRS during RRC_IDLE/INACTIVE state, and study the mechanism regarding transmission of UL signals/channels in INACTIVE state.

Network calibration
In the indoor environment, base station may not have good GNSS signal to have a common time source, posing major challenges for the TRP synchronization, especially for the TRPs not sharing a common BBU. OTA calibration between eNB has been extensively studied in LTE [8].
Thanks to the large bandwidth of NR signals, a more accurate TOA measurement can be obtained that targets [0.2 or 0.5]m positioning accuracy, which can in turn help TRP/LMF to compensate the clock drift that results in the TRP synchronization error.
Proposal 7: Study the mechanism of location based on network calibration, including
1. Time calibration (synchronization)

Architecture enhancement
The current architecture is LMF coordinated procedure, including capability transfer, assistance data transfer, location information transfer, and TRP measurement exchange. In order to support AP-PRS within the serving cell or IDLE/INACTIVE positioning, the existing architecture may need further enhancement.
For example, assistance data transfer is currently directly between UE and LMF, and serving NG-RAN has no idea on the PRS that UE is about to measure, nor does the serving NG-RAN know that the UE is receiving PRS unless UE is requesting measurement gap to the serving NG-RAN.
Another example is that location information transfer is transparent to the serving NG-RAN, and the serving NG-RAN cannot control the PRS measurement priority, measurement time, reported latency, UE processing load with communication services, etc.
In order to support the extreme low latency on the positioning, AP-PRS, and IDLE/INACTIVE state positioning, we propose to consider the following aspects regarding architecture enhancement.
Proposal 8: Study the following architecture enhancement
1. NG-RAN assisted PRS scheduling
1. NG-RAN assisted NR-RAT dependent positioning measurement procedure

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we present our views on the NR positioning enhancement. Based on the discussion, we have the following proposals:
Observation 1:  LOS/NLOS detection is an important factor affecting positioning accuracy. When the ideal LOS/NLOS detection is applied, the positioning accuracy could be greatly improved.
Observation 2:  For InF-DH with fixed UE/gNB height, the accuracy of less than 0.2m@90% can be achieved with UL-TDOA+UL-AOA and Multi-RTT with LOS/NLOS detection.
Observation 3:  For modified InF-DH with variable UE/gNB height, the accuracy of less than 0.5m@90% can be achieved with UL-TDOA+UL-AOA with LOS/NLOS detection.
Proposal 1: The enhancement of PRS should include studying
· Partial staggering and non-staggering PRS RE mapping
· Simultaneous reception of PRS along with other signals/channels.
PRS aggregation
Proposal 2: The enhancement of SRS should include studying
· Partial staggering and non-staggering SRS RE mapping
· Enhancement on cyclic shift pattern considering staggering
· Simultaneous SRS transmission across CCs 
Proposal 3: The enhancement of measurement should include studying
· Multi-path measurements associated with angle/power measurements
· NLOS/LOS identification
· CSI measurements
· Rx/Tx diversity based reporting
· E-CID enhancement to incorporate RTT measurement based on the serving gNB(s)
· AoA measurement enhancement targeting ULA
· Use of SRS configured by SRS-Resource for multi-RTT
· DL-AoD accuracy enhancement
Proposal 4: The enhancement of UE procedure of receiving PRS should include studying
· Flexible PRS multiplexing with other signals/channels
· Aperiodic PRS only from the serving cells.
Proposal 5: The enhancement of UE procedure of transmitting SRS should include studying
· Closed-loop power control of SRS for positioning
Proposal 6: Support measurement of DL PRS during RRC_IDLE/INACTIVE state, and study the mechanism regarding transmission of UL signals/channels in INACTIVE state.
Proposal 7: Study the mechanism of location based on network calibration, including
1. Time calibration (synchronization)
Proposal 8: Study the following architecture enhancement
1. NG-RAN assisted PRS scheduling
1. NG-RAN assisted NR-RAT dependent positioning measurement procedure
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Appendix A
	Parameter
	Case 1 (InF-DH, FR1)
	Case 2 (InF-DH, FR1)
	Case 3 (InF-DH, FR1)
	Case 4 (InF-DH, FR1)
	Case 5 (InF-DH, FR1)
	Case 6 (InF-DH, FR1)

	Channel model (baseline, otherwise state any modifications)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)

	Reference signal (type of sequence, number of ports, …) 
	ZC, single port
	Gold/ZC, single port
	ZC, single port
	Gold/ZC, single port
	ZC, single port
	Gold/ZC, single port

	Number of sites
	7
	7
	7
	7
	7
	7

	Number of symbols used per slot  per positioning estimate
	4

	Number of slots per positioning estimate
	1

	Power-boosting level
	6dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO

	Network synchronization assumptions
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based

	Additional notes, if any
	Fixed UE/gNB height.
	Fixed UE/gNB height.
	Fixed UE/gNB height.
	Fixed UE/gNB height.
	UE height within [0.5, 3]
gNB height {4, 8}
	UE height within [0.5, 3]
gNB height {4, 8}

	Parameter
	Case 7 (InF-DH, FR2)
	Case 8 (InF-DH, FR2)
	Case 9 (InF-DH, FR2)
	Case 10 (InF-DH, FR2)
	Case 11 (InF-DH, FR2)
	Case 12 (InF-DH, FR2)

	Channel model (baseline, otherwise state any modifications)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)

	Reference signal (type of sequence, number of ports, …) 
	ZC, single port
	Gold/ZC, single port
	ZC, single port
	Gold/ZC, single port
	ZC, single port
	Gold/ZC, single port

	Number of sites
	7
	7
	7
	7
	7
	7

	Number of symbols used per slot  per positioning estimate
	4

	Number of slots per positioning estimate
	1

	Power-boosting level
	6dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO

	Network synchronization assumptions
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping
Rx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based
Rx codebook-based

	Additional notes, if any
	Fixed UE/gNB height.
	Fixed UE/gNB height.
	Fixed UE/gNB height.
	Fixed UE/gNB height.
	UE height within [0.5, 3]
gNB height {4, 8}
	UE height within [0.5, 3]
gNB height {4, 8}



Appendix B
The detailed simulation results are as follows:
[image: ]
[bookmark: _Ref47683499]Figure 3 CDF results for FR1 InF-DH
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Figure 4 CDF results for FR1 InF-DH
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Figure 5 CDF results for FR2 InF-DH
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[bookmark: _Ref47683518]Figure 6 CDF results for FR2 InF-DH
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