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Introduction
At the RAN#81 WG meeting, the final version of study item on NR Positioning was approved [1]. One of the study item objectives is to evaluate potential solutions for NR Positioning [1].
	Objective:
Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.


During the previous RAN1 WG meeting, the following agreements were made by RAN1 WG with respect to UL RAT-dependent positioning solutions.
	RAN1 AdHoc-1901 Agreements:
1. NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
2. UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
1. NR should support UL-AoA based positioning techniques in FR1 and FR2
3. UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported


In this contribution, we focus on open design aspects for NR UL based positioning solutions, while our views on other NR Positioning aspects are provided in companion contributions [6]-[11].
Sources of Information on Signal Location Parameters
In our companion contribution [11], we have discussed benefits of using received signal waveform report by UE for NR DL positioning. In general, this approach can be also applicable at gNB side. gNBs may record received signal at predetermined time intervals and share this data jointly with transmitted waveform for further processing by network. If this approach is applied, the more accurate measurements of signal location parameters may be feasible to achieve. Therefore, similar as we argued in our companion DL centric contribution [7], the UL positioning can benefit from the received signal waveform report by gNBs.

Proposal 1: 
NR supports reporting of the received signal waveform(s) by gNBs

Candidate Techniques for UL Positioning
The following agreement was made by RAN1 WG in terms of candidate NR UL positioning techniques:
	RAN1 AdHoc-1901 Agreements:
1. NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
4. UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
1. NR should support UL-AoA based positioning techniques in FR1 and FR2
5. UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported


Based on analysis in our contribution from the previous meeting [5] supported by system level evaluation results in [3], we believe that candidate techniques identified by RAN1 WG so far are sufficient for NR UL only positioning solutions at least in R16 timeframe.

Proposal 2: 
Do not introduce additional techniques for NR UL based positioning in R16

UL Positioning Framework
UL Candidate Positioning Reference Signals
At the previous RAN1 WG meeting, the UL SRS was agreed as a starting point for design and analysis of UL positioning reference signals (UL PRS).
	RAN1 AdHoc-1901 Agreements:
NR UL SRS is used as a starting point for design and analysis of UL PRS
· Further study if and which enhancements are needed
· FFS: NR UL PRS relationship with UL BWP and component carrier


In our view, UL SRS is a good starting point for UL RAT dependent positioning analysis. In addition to UL SRS, the PRACH should be also considered for UL positioning.

NR PRACH
The NR PRACH has link budget advantage and can be transmitted according to DL reception timing. The 2-step PRACH can trigger and facilitate positioning for RRC-IDLE UEs and reduce latency of the overall positioning procedure for UL-TDOA/UL-AoA as well as provide early (preliminary) location fix to network. In addition, two way ranging protocol can be implemented based on PRACH signaling (e.g. 2 or 4-step PRACH framework) [8].
According to R15, NR PRACH is designed for 4-step random channel access procedure and used to request UL grant, re-establish UL synchronization or acquire cell synchronization during handover. gNB also uses PRACH for initial timing estimation, which is further applied for UL TA commands. The PRACH enhancements to support 2-step procedure are planned as a part of NR R16 and can be applicable for NR Positioning [8].
There are two PRACH structures defined: short (LRA = 139) and long (LRA = 839) sequences that are used in FR1 with SCS {1.25, 5} kHz and FR1/FR2 with SCS {15, 30, 60, 120} kHz respectively. The available signal BW of long sequence PRACH in FR1 is 1.08 MHz and 4.32 MHz. The available BW of short sequence PRACH in FR1 is 2.085 MHz and 4.17MHz for SCS 15 and 30 kHz respectively. In FR2, the 4.17 MHz BW is scaled into 2(60kHz SCS) and 4 (120kHz SCS) times respectively.
NR PRACH supports multiple transmission formats with different transmission duration. The PRACH signal can accommodate multiple symbols (up to 12 symbols for short PRACH) and even slots (up to 3.4 ms for long PRACH). PRACH signal is constructed from Zadoff-Chu sequences and has good cross correlation properties. The cyclic shift is applied to increase amount of RACH sequences.
In terms of PRACH resource allocation, it can be configured with different periodicity, however its transmission bandwidth is limited.


PRACH can be used for UL as well as DL & UL positioning techniques
Positioning based on PRACH processing can benefit from
Reduced latency and early coarse location fix that may be further refined by additional measurements
Advantage in link budget characteristics comparing to other UL physical channels/signals
Triggering of positioning by RRC-IDLE / RRC-INACTIVE UEs
Support of UL TX and RX beamforming at least for serving cell (assuming SSBs/CSI-RSs are associated with PRACH resources)
PRACH can be also used to provide fine UL timing, if super-resolution algorithms are applied for timing / angle estimation

Proposal 3: 
Support PRACH as positioning reference signal for timing (U-TDOA, RTT) and angle (UL-AoA) based UL as well as DL & UL positioning techniques

NR UL PRS (SRS)
NR UL SRS signal was agreed as a starting point for design and analysis of UL PRS. In this section, we continue discussion on FFS aspects raised during the discussion on UL-based positioning and provide our views.

	RAN1 AdHoc-1901 Agreements:
NR UL SRS is used as a starting point for design and analysis of UL PRS
· Further study if and which enhancements are needed
· FFS: NR UL PRS relationship with UL BWP and component carrier

FFS: At least the following aspects for NR UL PRS design
· Use of UL beam sweeping at FR2
· Beam sweeping includes possibility of quasi-omni transmission
· Use of UL beam alignment at FR2 through DL reception and beam correspondence
· UL Power control aspects
· UL timing advance aspects



Overview of UL SRS
NR SRS is designed for UL channel sounding and beam management. SRS Resources can be combined in SRS Resource Sets. Each SRS Resource can be configured with 1, 2, or 4 antenna ports, transmitted in 1, 2 or 4 consecutive symbols at the end of slot with a configurable signal bandwidth. NR SRS is represented by Zadoff-Chu sequences (if sequence length > 36) and has comb structure. The NR SRS Resource Set can be configured as periodic or on-demand (semi-persistent or aperiodic). Sequence generation is a function of nSRSID, slot and symbol number. The NR SRS supports group or sequence hopping as well as frequency hopping.


NR SRS is appropriate reference signal for NR UL Positioning
Supports flexible transmission bandwidth
Flexible periodicity of transmission including support of periodic and on-demand (semi-persistent and aperiodic) resource sets
Sequence generation is dependent on virtual SRS sequence ID
Supports multi-port transmission and UL TX beam sweeping
Additional SRS enhancements may be beneficial for NR UL Positioning
	Increase of NR UL SRS link budget (coverage)
RX beam management in serving and neighboring gNBs
Further analysis of the potential enhancements needed for UL SRS can be continued in WI phase.

On UL PRS relationship with UL BWPs
Similar to discussion for DL PRS allocation in [4], NR system should support wideband UL PRS transmission. Several design options can be considered here with respect to UL BWP relationship: 1) Introduce UL BWP dedicated for positioning and align its BW with UL PRS BW; 2) UL PRS configuration is independent from UL BWP configuration (i.e. can be confined within BWP, allocated outside BWP or partially overlap with BWP); 3) one of UL BWP configurations is aligned with UL PRS BW; 4) UE transmits UL PRS only in overlapped region (i.e. intersection of UL BWP and UL PRS). From positioning perspective, Option 4 is not attractive, given that it may preclude wideband UL PRS transmission. Option 3 is compatible with current framework but may impose unnecessary restriction UL BWP for communication. Options 1 and 2 provide almost the same functionality and may be different in terms of specification impact.
The active UL BWP configured for UE communication in UL should not prevent wideband UL PRS transmission. The specific solution in terms of relationship to UL BWP can be further discussed in WI phase. In our view 

Proposal 4: 
RAN1 is to continue discussion on relationship of UL PRS and UL BWPs in WI stage
List the following identified alternatives in the TR
Alt.1: Introduce UL BWP dedicated for positioning and align its BW with UL PRS BW;
Alt.2: UL PRS configuration is independent from UL BWP configuration (i.e. can be confined within BWP, allocated outside BWP or partially overlap with BWP);
Alt.3: One of UL BWP configurations is aligned with UL PRS BW;
Alt.4: UE transmits UL PRS only in overlapped region (i.e. intersection of UL BWP and UL PRS)
On Power Control for UL PRS
UL PRS design should take into account UL TX power control. Given that UL PRS signal should reach multiple neighboring cells, either DL reference signal resource for UL open loop PC should be indicated or UE should be allowed to transmit at maximum TX power on NR UL PRS resources. The specific solution for UL PC can be further discussed in WI phase. It should be noted that UL SRS configuration already defines pathlossReferenceRS and independent configuration of OL PC settings (P0 and alpha) that can be set to enable max TX power for SRS transmission.


UL SRS power control is already flexible enough and can be reused for UL PRS transmission. RAN1 may continue discussion on additional enhancements if needed during WI phase

On Timing Advance for UL PRS
The timing advance is set based on propagation delay between specific TX and RX. For UL positioning, the PRS signal should be processed by multiple gNBs/LMUs. Therefore in general there is no single reference point for UL transmission timing. On the other hand it should be pointed out that initial PRACH transmissions use DL reception timing. Therefore the potential gain of timing advance optimization for NR UL positioning needs further analysis. The specific solution can be further debated in WI phase and adopted if benefits are justified.


Additional analysis and justification is needed to change UE TA behavior. RAN1 may continue discussion on potential enhancement in terms of TA for UL PRS transmission during WI phase

On use of UL beam sweeping at FR2
In our view, the use of UL beam sweeping in FR2 can be enabled by configuration of UL PRS resources. According to our initial analysis, the quasi-omni transmission pattern if applied by UE does not result in noticeable degradation of positioning performance (assuming that same amount of energy is utilized for UL PRS transmission) [5]. Therefore, we believe that UE should not be forced to apply beam switching during UL PRS transmission. On the other hand gNBs should be aware about UE beam-switching behavior. The specific solution to address this aspect can be further discussed in WI phase.


UL SRS framework supports UL beam sweeping. RAN1 may continue discussion on UL beam sweeping enhancements for PRS transmission during WI phase

Use of UL beam alignment at FR2 through DL reception and beam correspondence
Our understanding that this design option assumes some (pre-) processing stage (DL reception of PRSs) to facilitate tuning of UE RX beams for each DL PRS transmission on a given resource. The determined RX beams are expected to be reused for UL PRS transmission.
In order to utilize gNB RX beamforming during UL PRS transmission by UEs there should be some association established b/w DL PRS and UL PRS resources, so that each UE can use selected RX beam for transmission and gNB can apply optimal beam for reception of UL transmissions. If there is no such association established the benefits of this approach are not obvious given that gNB RX beamforming gain may not be utilized. 
Considering that DL (pre-) processing stage is needed, we classify this as a DL and UL solution rather than UL only solution. In addition, similar to UL beam sweeping, UE should not be mandated to perform RX sweeping and apply beam correspondence. Instead, quasi-omni pattern can be used for transmission and reception.


Alignment of beams across multiple gNBs requires large amount of DL and UL PRS resources
Association of DL PRS and UL PRS resources is needed to determine beam for UL transmission (at UE) and UL reception (at gNB)
UL beam alignment can work only if UEs and gNBs support beam correspondence which may not be the case for all UEs.
Criteria of DL RX beam selection needs to be discussed by RAN1 WG
RAN1 may continue discussion on the use of UL beam alignment at FR2 through DL reception and beam correspondence

NR UL PRS Resource Allocation
Similar to DL, the UL PRS resource should be defined for UL PRS positioning jointly with UL PRS Resource Set.
Proposal 5: 
Define NR UL PRS Resource as a set of REs across configurable number of consecutive UL symbols and PRBs
NR UL PRS Resource configuration supports UL TX beam-sweeping by UE
NR UL PRS Resource supports UL PRS transmission from up to two TX ports
NR UL PRS Resource is identified by unique UL PRS Resource ID
NR UL PRS Resources are combined by NR UL PRS Resource Set

Transmission Schedule of NR UL PRS

UL PRS Transmission Schedule
The UL PRS transmission structure and schedule should be known and coordinated with the neighboring gNBs in advance so that they can try to detect and process the UL PRS signals. In many cases, it can be left up to network implementation issue or dedicated backhaul signaling can be introduced.

Multiplexing of PRS Transmissions w/ Other Signals/Channels
For accurate NR UL positioning, UL PRS multiplexing with other physical signals/channels is not desirable from system perspective due inter-cell interference issues considerations and UE perspective due to power sharing considerations. Therefore it is desirable to enable mode of operation with dedicated UL PRS resources.

gNB Measurements and Reporting
The following measurements were agreed to be supported by serving and neighbor gNBs for NR UL Positioning.
	RAN1 AdHoc-1901 Agreements:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
· UL RTOA measurements
· UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
· UL RSRP (reference signal received power) measurements
· gNB RX-TX time difference measurements


Besides the agreed measurements, additional measurements should be introduced to characterize UL PRS signal quality UL PRS-SINR, UL PRS-RSRQ and quality of UL RTOA and UL AoA:

Proposal 6: 
For NR UL positioning based on NR UL PRS signals, gNB supports
Measurements characterizing UL PRS signal quality, e.g. UL PRS-SINR, UL PRS-RSRQ
Measurements characterizing quality of UL RTOA and UL AoA

NR UL Performance Analysis
In this section, we provide UL TDOA based performance results for NR positioning in FR1 and FR2. Additional system level analysis of NR UL Positioning performance is provided in our companion contribution [3].
U-TDOA Performance Analysis in FR1
In this subsection, we analyze U-TDOA performance in three scenarios Open Office/UMi/UMa using one symbol single port SRS transmission at maximum UE TX power. One UE transmits in entire deployment at a given time (i.e. R = infinity)
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Figure 1: U-TDOA performance in FR1 based on wideband UL SRS transmission in interference free environment


· In case of perfect network synchronization,
· U-TDOA performance analysis in FR1 shows that in scenarios with large ISD (e.g. UMa = 500m) the positioning performance is limited due to insufficient link budget of UL transmissions
· U-TDOA provides sufficiently accurate performance in dense deployment scenarios with small ISD (e.g. Indoor Office (20m) and UMi (200m) for outdoor UEs)

UL AoA Positioning in FR1
In this section, we analyze UL AoA performance in Indoor Open Office scenario given that probability of LOS links in this scenario is quite high. In the analysis, we assume that gNB estimates timing of the first arrival path and measures AoA for the first arrival path component based on Phase Difference estimation across 16 RX antenna ports. Only LOS links are considered for AoA estimation and UE positioning. In addition, the following evaluation assumptions were applied:
UL single TX port, one symbol wideband SRS transmission at maximum UE TX power.
One UE transmits in entire deployment (R = Inf.)
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Figure 2: UL-AoA performance in FR1 based on wideband UL SRS transmission in interference free environment


· UL AoA performance analysis for dense Indoor Open Office scenario in FR1 shows quite accurate positioning performance thanks to high probability of LOS links
· UL AoA performance is not sensitive to network synchronization error although it requires timing estimation of the first arrival path

UL TDOA Performance Analysis in FR2
In this section, we analyze U-TDOA performance based on UL SRS transmission in FR2 for UMi Street Canyon Scenario. For analysis, we assume that UE transmits wideband reference signal for positioning. In order to check sensitivity of UL positioning to different assumptions in terms of TX/RX beamforming and beam-sweeping, we have conducted analysis for the following options:
UL TX/RX Beamforming - Evaluation Options in FR2
· Quasi-Omni TX, Quasi-Omni RX
· 64 OFDM symbols, coherent channel combining at gNB side
· TX Sweep and RX Sweep
· 64 OFDM symbols, (4TX x 16 RX, Full Search), Independent timing estimation per TX-RX beam pair
· TX Sweep and Quasi-Omni RX
· 64 OFDM symbols, where 4 TX beams are switched every 16 symbols on UE side, coherent channel combining at gNB side is applied per TX beam
· Quasi Omni TX and RX Sweep
· 64 OFDM symbols, where 16 RX beams are switched every 4 symbols, coherent channel combining at gNB side is applied per RX beam
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[bookmark: _Ref534808419]Figure 3: U-TDOA performance in FR2 based on wideband UL SRS transmission in interference free environment
Based on initial analysis presented in Figure 3, we draw the following observations 


· U-TDOA performance in FR2 suffer from the UL link budget limitations even more than in FR1 and is quite challenging even in for the relatively dense UMi Street Canyon evaluation scenario
· U-TDOA performance in FR2 is expected to further degrade due to network synchronization error given that it requires estimation of timing of the first arrival path

Conclusions
In this contribution, we provided our views on NR UL positioning techniques and design enhancements. We observe that NR technology already supports multiple technical components that can be reused for UL positioning performance. Our evaluation results for UL positioning solutions confirm that UL positioning is more challenging comparing to DL positioning. In summary, we have following proposals for NR UL positioning:

Proposal 1: 
NR supports reporting of the received signal waveform(s) by gNBs
Proposal 2: 
Do not introduce additional techniques for NR UL based positioning in R16
Proposal 3: 
Support PRACH as positioning reference signal for timing (U-TDOA, RTT) and angle (UL-AoA) based UL as well as DL & UL positioning techniques
Proposal 4: 
RAN1 is to continue discussion on relationship of UL PRS and UL BWPs in WI stage
List the following identified alternatives in the TR
Alt.1: Introduce UL BWP dedicated for positioning and align its BW with UL PRS BW;
Alt.2: UL PRS configuration is independent from UL BWP configuration (i.e. can be confined within BWP, allocated outside BWP or partially overlap with BWP);
Alt.3: One of UL BWP configurations is aligned with UL PRS BW;
Alt.4: UE transmits UL PRS only in overlapped region (i.e. intersection of UL BWP and UL PRS)
Proposal 5: 
Define NR UL PRS Resource as a set of REs across configurable number of consecutive UL symbols and PRBs
NR UL PRS Resource configuration supports UL TX beam-sweeping by UE
NR UL PRS Resource supports UL PRS transmission from up to two TX ports
NR UL PRS Resource is identified by unique UL PRS Resource ID
NR UL PRS Resources are combined by NR UL PRS Resource Set
Proposal 6: 
For NR UL positioning based on NR UL PRS signals, gNB supports
Measurements characterizing UL PRS signal quality, e.g. UL PRS-SINR, UL PRS-RSRQ
Measurements characterizing quality of UL RTOA and UL AoA
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Appendix
In this section, we provide additional description of the evaluation assumptions for NR UL positioning studies that were conducted according to the agreed evaluation methodology for NR Positioning under perfect network synchronization assumptions.
Table 1. Simulation assumptions for UL based NR positioning:
	Parameters
	FR1/FR2 Specific Values

	Signal bandwidth
	System bandwidth, according to NR positioning evaluation methodology
FR1: 5 and 100 MHz 
FR2: 100 MHz

	PRS Signals 
	Evaluated candidate physical structures for PRS transmission

	UL PRS Physical Structure (Example)
	FR1:
· Single port
· Density (number of occupied subcarriers per symbol): 4
· 4 Symbols
· Boosting = 6dB
· IBE – Not applicable
FR2:
· Single port
· Density (number of occupied subcarriers per symbol): 1
· 1 Symbol
· Boosting = 0dB
· IBE – Not applicable

	TX/RX Settings 
	TX/RX Beamforming Assumptions in FR1 and FR2

	FR1
	Evaluation Scenarios: Open Office/UMa/UMi
No TX beam sweeping
TX: Single TX Port, Quasi-Omni Pattern
RX: Two X-pol RX Ports, Quasi-Omni Pattern

	FR2
	PRS structure w/ all REs used for transmission
· 64 symbols 
· 4 TX analogue pre-coder states (switching within RX beam)
· 16 RX analogue pre-coder states (four OFDM symbols per TX beam) 
· 2 RX BB chains with independent processing per port (1 panels & X-pol)
Evaluation Scenario: Scenario 2 – UMi

DL TX/RX Beamforming - Evaluation Options in FR2
· Quasi-Omni TX, Quasi-Omni RX
· 64 OFDM symbols, coherent channel combining at UE side
· TX Sweep and RX Sweep
· 64 OFDM symbols, (4 TX x 16 RX, Full Search), Independent timing estimation per TX-RX beam pair
· TX Sweep and Quasi-Omni RX
· 64 OFDM symbols, where 4 TX beams are switched every 16 symbols, coherent channel combining at gNB side is applied per TX beam
· Quasi-Omni TX and RX Sweep
· 64 OFDM symbols, where 16 RX beams are switched every 4 symbols, coherent channel combining at gNB side is applied per RX beam

	gNB beam forming
	UMi gNBs:
· FR2 – 16 TX analogue beams: [-56.25 : … : 56.25], beam width 7.5o, DFT vectors to scan in horizontal plane
Indoor gNBs:
· FR2 – 8 TX analogue beams: [-52.2 : … : 52.5], beam width 15o, DFT vectors to scan in horizontal plane

	RX Processing
	

	Measurement selection procedure
	Earliest timing measured across TX-RX beam pairs for given link

	First Arrival Path (FAP) Timing Estimation
	FAP timing estimation based on adaptive threshold for CIR processing
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