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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 meetings, the following agreements were made by RAN1 WG with respect to RAT-dependent solutions.
	RAN1#94bis Agreement:
The RAT dependent solutions considered for study include
· Downlink based solutions
· Downlink and uplink based solutions
· Uplink based solutions


In this contribution, we focus on techniques for NR UL based positioning solutions, while our views on other NR Positioning aspects are provided in companion contributions [2]-[5].
Sources of Information on Signal Location Parameters
In our companion contribution [3], we have discussed three sources of information on signal location parameters for RAT-dependent positioning:
Received Signal Waveform (Raw data) [3]
· Contains full information about all signal location parameters: timing, angles, phase, power, etc.
· Received waveforms can be recorded by gNBs and reported to location server for further processing
First Arrival Path of Channel Impulse Response (Post-processing data) [3]
· Contains information about distance (timing) and LOS direction (angles) b/w transmitter and receiver.
Multipath Components of Channel Impulse Response (Post-processing enriched data) [3]
· Carry additional information about reflectors that under certain conditions can be used to improve positioning performance
Similar as we argued in our companion contribution on DL Positioning [3], the UL Positioning can benefit from the same set of sources of location information such as the first arrival path and received signal waveform.

Proposal 1: 
NR UL positioning supports reporting of the received signal waveform(s)
Further study mechanisms to support reporting of received signal waveform(s)
NR UL positioning supports measurements of the first arrival path signal location parameters
RAN1 to further study benefits of utilizing multi-path channel impulse response components for NR positioning (e.g. timing or angular information derived from multipath components, etc.)

Candidate Techniques for UL Positioning
The following candidate techniques were identified by RAN1 WG for study of NR UL positioning:
	RAN1#95 Agreement:
The following candidate techniques are considered for study of UL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Angle-based techniques
· Uplink angle(s) of departure 
· Uplink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques


Before we discuss specific NR UL positioning techniques in more details, we would like to make general observations which are valid for all identified UL positioning techniques.

 
Comparing to DL positioning, support of UL positioning is more challenging / problematic due to several technical reasons:
UL positioning techniques suffer from the reduced link budget (up to 20dB) due to transmit power difference
UL positioning techniques are less scalable in terms of user positioning capacity
UL positioning techniques require more tight/dynamic inter-cell/network coordination
UL timing based positioning is sensitive to network synchronization errors (similar to DL)
UL spatial processing capabilities at gNB are more powerful comparing to UE
In case of UL positioning in FR2,
RX beam training is likely to be required for each UE at multiple neighboring cell to improve link budget
UE reporting of the best DL TX beam for neighboring cells will require transmission of DL positioning reference signals from neighboring cells

Timing Based Techniques
Timing of Arrival Path(s)
Timing estimation of channel impulse response components (i.e. the timing of the first arrival path (FAP) or multi-path components) can be used for UL time difference of arrival positioning (U-TDOA). The support of U-TDOA positioning require proper network/gNB synchronization, tight inter-cell coordination for UL reception and link budget enhancements.
Phase Difference
The phase difference approach is also applicable for UL positioning. Similar to DL, it requires resolution of the following technical issues: 1) ambiguity problem that can limit the estimation range and increase receiver complexity, 2) sensitivity to multipath effects given that all multipath components contribute to the overall phase of the tone. Finally, the need to perform differential processing can penalize the post-processing SNR. The main benefit of this approach is that it does not require tight network synchronization.
Angle Based Techniques
The UL angle based techniques are motivated by the advances in massive MIMO processing. The angle based techniques require support of timing estimation, since only LOS component gives accurate angular information that can be directly used for positioning. Support of angle based techniques require knowledge of antenna system configuration and its orientation and thus can be applied at gNB side but it is not straightforward at UE side. In UL positioning, the angle of arrival can be more accurately measured due to more powerful antenna arrays and spatial processing capabilities at gNB side.
Angles of Arrival
The UL angle of arrival can be used for positioning jointly with information about gNB antenna orientation. The angle of arrival measurements require full knowledge about gNB antenna system including spacing between antenna elements and antenna element radiation pattern. The support of UL angle of arrival positioning does not require accurate synchronization at gNB side and therefore support of UL angle of arrival measurements should be considered in R16.
Angles of Departure
The use of UL angle of departure is not straightforward. The UE antenna orientation and antenna system configuration details need to be known but may not be generally available. If UE applies TX beam sweeping and directional beams are associated with geographical directions, the reference received signal power measurements can be potentially used to determine the best UL TX beam(s) if UE antenna orientation is known. There may be different definitions of the best UL TX beam that need to be analyzed by RAN1 WG. Similar to DL [3], at least the following two criteria can be further considered for NR UL positioning based on UL angle of departure determination:
Maximum RSRP criteria among UL TX beams;
Maximum RSRP of the LOS/FAP component among UL TX beams.
However, considering limitations and discussed above aspects, UL AoD measurements unlikely to provide significant performance benefits for NR Positioning.
Received Reference Signal Power Based Techniques
The received reference signal power alone does not give an accurate information on UE location due to complex stochastic dependency of the distance vs attenuation of propagation channel, including TX/RX antenna gains, directivity and antenna orientation considerations. On the other hand, the received reference signal power measurements are relatively straightforward and can be combined with the angle or timing based UL positioning techniques e.g. based on processing of SRS signals.
Summary on UL Based Techniques
Based on analysis in subsections above, which are also supported by evaluation results in Section 5 of this document as well as in [5], we have following proposals on candidate NR UL positioning techniques:

Proposal 2: 
Prioritize work on the following UL positioning techniques:
Timing-based technique that utilize information on timing of arrival path(s)
RSTD measurements based on estimate of reference signal arrival time (FAP) is defined
Angle-based technique that utilize UL angle(s) of arrival measurements

UL Positioning Framework
Candidate Reference Signals
The following candidate reference signals were identified for further study on NR UL positioning:
	RAN1#95 Agreement:
The following candidate reference signals were identified for UL positioning evaluation and are to be further studied:
· NR PRACH
· NR SRS
· NR UL DMRS
· NR UL PTRS
· New UL positioning reference signals (UL PRS)


In sub-sections below, we analyze each candidate UL reference signal for NR positioning in more details. We start discussion from NR UL Positioning Reference Signals and formulate desirable signal properties first.
NR UL Positioning Reference Signals (PRS)
The following signal properties are desirable for NR UL Positioning Reference Signals, if those are designed from scratch
Configurable transmission bandwidth and flexible allocation in time-frequency resources
Configurable transmission periodicity and flexible transmission duration (amount of symbols for transmission)
Support of TX and RX beam-forming / beam-sweeping during UL transmission
Support of up to two TX antenna ports, w/ single port as a baseline
Sequence generation is dependent on virtual ID, configurable to UE
Flexible transmit power allocation (up to maximum TX power settings)
Sufficient degree of randomization and orthogonalization for UL PRS transmission from multiple UEs in a network
Support of dedicated transmission with no multiplexing with other NR physical channels/signals from UE and system perspective
· Intra-cell: TX power sharing considerations
· Inter cell: Interference considerations
Support of periodic / semi-persistent / on-demand (aperiodic) PRS transmission resources
Good auto and cross correlation properties in the presence of time and frequency offsets
In the next sections, we discuss whether existing UL reference signals satisfy desirable properties of UL PRS.
NR PRACH
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.
There are two PRACH structures defined based on 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 transmission
is characterized by predefined and limited signal BW that is restrictive for NR UL positioning performance
is designed to provide relatively large link budget comparing to other UL physical channels/signals
supports UL TX and RX beamforming at least for serving cell (assuming transmission of multiple SSBs/CSI-RS and association with PRACH resources is configured)
PRACH can be used to provide coarse UL timing (due to BW restrictions) unless super-resolution timing algorithms are applied

NR 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, semi-persistent or on-demand (aperiodic).
Sequence generation is a function of nSRSID, slot and symbol number. The SRS supports group or sequence hopping as well as frequency hopping.


NR SRS is a strong candidate reference signal for NR UL Positioning and can be used as a starting point
Supports flexible transmission bandwidth
Flexible periodicity of transmission including support of periodic, semi-persistent and on-demand (aperiodic) resource sets
Sequence generation is dependent on virtual SRS sequence ID
Supports multi-port transmission and UL TX beam sweeping
Additional NR – SRS modifications/configurations may be defined for NR UL Positioning

NR UL DMRS
NR UL DMRS is designed for demodulation of PUSCH or PUCCH physical channel transmissions. In our view, UL DMRS signals should not be considered as a baseline candidate signals for NR UL positioning since these signals have the same characteristics as PUCCH/PUSCH transmissions (i.e. transmission bandwidth, spatial precoding, power sharing relationship, etc.). The use of UL DMRS can be considered as a complimentary option that may be useful if two way ranging protocol is enabled [4].


NR UL DMRS inherits attributes of the PUSCH/PUCCH transmissions in serving cell (bandwidth, antenna ports, power allocation) and thus it is not optimized from the neighboring cell reception/measurement perspective and thus from the overall NR UL Positioning performance
NR UL DMRS cannot be used as a baseline for NR UL Positioning and may be considered only as a complementary solution

NR UL PT-RS
NR UL PTRS can be considered as an extension of UL DMRS signals. PT-RS signals are mapped across symbols in time to allow for phase tracking. The presence and density of PT-RS transmission in time and frequency depends on the PUSCH allocation size and MCS index. The low density of PT-RS signals in frequency is a clear drawback of using these signals for positioning. Therefore the use of UL PT-RS for NR UL Positioning is rather problematic similar to NR UL DMRS and thus it is not a preferred design option for NR UL Positioning support.


NR UL PT-RS are not optimized / suitable for NR UL Positioning performance

Summary on Candidate Reference Signals for NR UL Positioning
Our analysis shows that the most appropriate candidate reference signals for NR UL Positioning are PRACH and SRS. The PRACH can be used for relatively coarse positioning while SRS can be used as a starting point for enhanced NR UL Positioning including multi-cell processing for the purpose of UL positioning. Therefore we have following proposals:

Proposal 3: 
NR SRS framework is used as a primary candidate for NR UL Positioning
FFS on specific modifications to UL SRS framework for positioning purpose
NR PRACH framework is used for NR UL Positioning
FFS on specific modifications to UL PRACH framework for positioning purpose

NR UL PRS Resource Allocation
In this section, we discuss UL PRS Resource attributes. Note that these attributes can be a part of positioning specific SRS configuration or new UL PRS signal design.
The UL PRS resource may be described by the following parameters:
Time Allocation:
· Configurable number of consecutive symbols per single PRS resource (e.g. NPRS_SYMB = 1, 2,… 8,…)
· Start symbol within slot (e.g. lPRS_START_SYMB = 1, 2,… 14)
· Start slot nPRS and period of PRS resource transmission TPRS
Frequency Allocation:
· Configurable number of REs within symbols 1, 2, 4, 6 within PRB
· Frequency shift
· Resource element position(s) inside PRB for each symbol of PRS resource
Number of ports:
· Number of antenna ports per PRS resource: 1 or 2
Resource ID
· In order to identify allocated PRS resource in terms of transmission, measurements and reporting
The PRS resource can be repeated multiple times (e.g. at N PRS occasions) to enable UL TX beam sweeping functionality. In addition, it can be configurable and indicated whether TX beam sweeping is enabled across PRS resource occasions (within a pool or across multiple resource pool instances). Therefore each PRS resource can be additionally characterized by:
Number of repeated PRS resource occasions:
· Number of consecutive repetitions of PRS resources: 1, 2, …, 8, …
TX Beam Sweeping Indication
· Indicates whether UE can assume that DL TX beam sweeping is on/off. If it is “on” UE assumes that each PRS occasion can be transmitted using different antenna ports or spatial antennal filters. Otherwise if it is “off” UE can assume that transmissions across PRS occasions use the same spatial filter/antenna port.

One of the challenges for UL Positioning in FR2 is the need of RX beam training to select optimal beam and reduce coverage issue when neighboring cells are considered for positioning. The selection of UL RX beam in neighboring cells is not a trivial problem. First of all different UEs may require different beam settings and thus it is problematic to perform simultaneous positioning measurements for multiple UEs. In order to enable RX beam management for positioning UE can potentially report the best DL TX beam for neighboring cells relying on beam correspondence, however this approach cannot be considered as UL only positioning as it will require a DL training phase first. Alternatively, the UL PRS physical structure should enable UL TX beam-sweeping at UE side and UL RX beam sweeping at gNB side (see Figure 1).



[bookmark: _Ref534363372]Figure 1: UL PRS Occasions for TX Beam Sweeping and RX Beam Training

Proposal 4: 
NR UL PRS Resource is defined as a set of REs across configurable number of consecutive symbols and PRBs
NR UL PRS Resource allocation/configuration supports UL TX beamforming and beam-sweeping as well as possibility of UL RX beam-training by gNBs
NR UL PRS Resource supports PRS transmission from up to two TX ports
NR UL PRS Resource supports configurable number of consecutive OFDM symbols, representing single PRS Resource occasion and characterized by unique resource ID
NR UL PRS TX beam-sweeping is supported and can be enabled or disabled across different PRS Resource occasions

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
gNB UL PRS Processing for NR UL Positioning
In case of UL positioning on NR UL PRS signals, we assume that gNB can perform and report the following information:
Received signal waveform
Timing measurements, e.g. reference signal time difference (RSTD) across PRS resources
Angle of arrival measurements
Reference Signal Received Power, e.g. UL PRS-RSRP
Measurements characterizing UL PRS signal quality, e.g. UL PRS-SINR, UL PRS-RSRQ
UL PRS Resource IDs

Proposal 5: 
For NR UL positioning based on NR UL PRS signals, gNB supports
Timing measurements, e.g. FAP timing
Angle of arrival measurements, e.g. based on FAP processing
Reference signal received power measurements, e.g. UL PRS-RSRP
Measurements characterizing UL PRS signal quality, e.g. UL PRS-SINR, UL PRS-RSRQ

In addition, one of the interesting direction that can be further explored is to assess whether gNB can determine/characterize the link state for particular UL PRS transmission, i.e. whether it is LOS or NLOS link.

Proposal 6: 
Further study techniques to detect whether link b/w given TX and RX is NLOS link (i.e. does not have LOS component)

UL Resource Allocation
For NR UL positioning, it is beneficial to support on demand UE positioning. In this mode of operation, UE is expected to request allocation of UL PRS Resources or request to trigger/activate UL positioning on pre-configured resources. This scenario can be supported on top of periodic UL PRS Resource allocation by using either semi-persistent or aperiodic UL PRS resource allocation mechanisms.
If PRS Resource allocation entity is aware about UE coordinate or recent measurements on PRS resources (e.g. based on the previous UE reporting) it may allocate dedicated PRS resources with dedicated transmission schedule to serve UEs located in dedicated areas.

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 [5].
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 2: U-TDOA performance in FR1 based on wideband UL SRS transmission in interference free environment

Observation 6: 
· 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 3: U-AoA performance in FR1 based on wideband UL SRS transmission in interference free environment

Observation 7: 
· UL AoA performance analysis for Indoor Open Office scenario in FR1 shows quite accurate positioning performance in dense deployment scenarios with small ISD (e.g. Indoor Office (20m))
· 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 4: U-TDOA performance in FR2 based on wideband UL SRS transmission in interference free environment
Based on initial analysis presented in Figure 4, we draw the following observations 

Observation 8: 
· 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

Summary on NR UL Positioning Techniques
In this section, we summarize our views on NR UL positioning discussion and measurements that can be considered for further analysis in NR positioning study item as an enhancements to LTE RAT-dependent solutions (please refer to Table 1).
[bookmark: _Ref525387048]Table 1: Candidate enhancements to RAT dependent NR UL positioning techniques
	Uplink Techniques

	Baseline: U-TDOA
· UL RSTD + RSRP/RSRQ
Candidate Enhancements:
· AoA information
· TRP received waveform report


 Conclusions
In this contribution, we provided initial views on NR UL positioning techniques and design enhancements. We observe that NR technology has multiple technical components beneficial for positioning performance. Our performance 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 UL positioning supports reporting of the received signal waveform(s)
Further study mechanisms to support reporting of received signal waveform(s)
NR UL positioning supports measurements of the first arrival path signal location parameters
RAN1 to further study benefits of utilizing multi-path channel impulse response components for NR positioning (e.g. timing or angular information derived from multipath components, etc.)
Proposal 2: 
Prioritize work on the following UL positioning techniques:
Timing-based technique that utilize information on timing of arrival path(s)
RSTD measurements based on estimate of reference signal arrival time (FAP) is defined
Angle-based technique that utilize UL angle(s) of arrival measurements
Proposal 3: 
NR SRS framework is used as a primary candidate for NR UL Positioning
FFS on specific modifications to UL SRS framework for positioning purpose
NR PRACH framework is used for NR UL Positioning
FFS on specific modifications to UL PRACH framework for positioning purpose
Proposal 4: 
NR UL PRS Resource is defined as a set of REs across configurable number of consecutive symbols and PRBs
NR UL PRS Resource allocation/configuration supports UL TX beamforming and beam-sweeping as well as possibility of UL RX beam-training by gNBs
NR UL PRS Resource supports PRS transmission from up to two TX ports
NR UL PRS Resource supports configurable number of consecutive OFDM symbols, representing single PRS Resource occasion and characterized by unique resource ID
NR UL PRS TX beam-sweeping is supported and can be enabled or disabled across different PRS Resource occasions
Proposal 5: 
For NR UL positioning based on NR UL PRS signals, gNB supports
Timing measurements, e.g. FAP timing
Angle of arrival measurements, e.g. based on FAP processing
Reference signal received power measurements, e.g. UL PRS-RSRP
Measurements characterizing UL PRS signal quality, e.g. UL PRS-SINR, UL PRS-RSRQ
Proposal 6: 
Further study techniques to detect whether link b/w given TX and RX is NLOS link (i.e. does not have LOS component)
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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 2. 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)
	Single port
Density (number of occupied subcarriers per symbol): 12
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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