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1 Introduction
In RAN1#110 several agreements with regards to the evaluation of Positioning for Redcap devices were achieved, including the following:

	Agreement
For the purpose of the Rel-18 study 
· The target accuracy requirements for RedCap UEs for commercial use cases are defined as follows:
· Indoor and outdoor
· Horizontal position accuracy (< 3 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs 
· The target accuracy requirements for RedCap UEs for IIoT use cases are defined as follows:
· Horizontal position accuracy (<1 m) for 90% of UEs 
· Vertical position accuracy (< 3 m) for 90% of UEs  
· Note: the requirements may not be met in all scenarios and use cases

Agreement
CDF values for evaluations of Redcap UE Positioning scenarios are derived based on:
· The reported CDF points used as performance metrics in the evaluation include at least the 50%, 67%, 80%, 90% percentiles.
· For indoor scenarios 
· (Required): The UEs inside the convex hull of the horizontal BS deployment area.
· (Optional): All the UEs

Agreement
Endorse the templates in section 7 in R1-2207749 to collect RedCap UE positioning simulation results, with the following notes:
· The first table as endorsed in previous agreement
· Add a column to the second table for capturing whether the requirement is met or not met
· The TR editor can adjust the sections/sub-sections arrangement
· Adjust the titles of the tables to refer to RedCap UE positioning

Agreement
For the evaluation of redcap UEs in the RMa scenarios, companies should report their evaluations parameters with their results. 

Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS



In this paper, we present our views on positioning performance of existing procedures and measurements with RedCap UEs and potential enhancements.
2 NR Positioning Support Status – Redcap UEs
Although NR Rel-16/17 did not include specific enhancements for RedCap UEs, in this section we investigate whether the 3GPP standards have already covered the limitations related to UE capabilities. 
· Limited PRS processing bandwidth
· A UE may report a maximum PRS BW as small as 5 MHz in FR1. Therefore, the already specified capabilities are enough to cover the limited PRS processing bandwidth of Redcap devices. 

	Maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
· a)FR1 bands: {5, 10, 20, 40, 50, 80, 100}
· b) FR2 bands: {50, 100, 200, 400}
· Per Band capability reporting
· Notes: UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value



· Limited PRS processing capabilities
· A UE may already report very limited UE capabilities as shown below. For example, it can support as small as processing of a single PRS resource in each slot, and only process a few msec of PRS every hundreds of msec. 

	· Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
· T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms
· Max number of DL PRS resources that UE can process in a slot under it
· FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
· FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz
· Notes:
· UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
· UE DL PRS processing capability is defined for a single positioning frequency layer. 
· UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
· The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS



· Limited PRS resource configuration capabilities. A UE can already provide UE capabilities for the following max number of positioning frequency layers, PRS resource sets, resources and TRPs: 
· Max number of positioning frequency layers across all supported methods and all bands: {1, 2, 3, 4}
· Max number of PRS resource sets per TRP per frequency layer: {1, 2}
· Max number of positioning frequency layers supported per UE: {1, 2, 3, 4}
· Max number of TRPs across all positioning frequency layers per UE: down to 4

· Limited capabilities to support simultaneous processing of different positioning methods
· A UE can declare to the Location Server the following capabilities with regards to simultaneous processing of different methods within NR or across NR/LTE: 

	Scenario
	UE Capability

	DL-AOD & DL-TDOA
	Support of simultaneous processing for DL AoD and Multi-RTT measurements
· Per Band capability
· If it is not indicated, a UE is not expected to perform simultaneously the processing for deriving DL AoD and M-RTT measurements 

	DL-AoD & M-RTT
	Support of simultaneous processing for DL AoD and DL-TDOA measurements 
· Per Band capability
· If it is not indicated, a UE is not expected to perform simultaneously the processing for deriving DL AoD and DL TDoA measurements 

	NR PRS & LTE PRS
	Support of parallel processing of LTE PRS and NR PRS 
· Per UE capability



· Reduced number of RX branches
· 2 RX antennas are assumed in the NR RAN4 performance. Requirements are derived using simulation assumptions where companies provide results (R4-2113156). 2 Rx is assumed at the UEs.
· However, 1 Rx performance & requirements are not specified. 

· PRS Resource Sharing by Different UE Types
· Since the wideband DL PRS sequence is configured with respect to point A by a RRC parameter dl-PRS-PointA, the same PRS resource can be shared by RedCap UE and non-RedCap UE, as illustrated in the next Figure.
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Observation 1: NR Rel-16/17 Work Items did not specifically include positioning enhancements associated to Redcap devices, but several of the features have already been defined for the purpose of being applicable to UEs with:
· Limited PRS Processing Bandwidth
· Limited PRS processing capabilities
· Limited PRS resource configuration capabilities
· Limited Simultaneous Positioning method capabilities

Observation 2: Performance requirements for the case of single Rx antennas have not been included in NR Rel-16/17 RAN4 specification. 

Proposal 1: Send LS to RAN4 to ask them to include positioning requirements derived using simulation assumptions wherein 1 Rx is assumed at the UE. 
3 Potential Enhancements
3.1 Frequency Hopping
The following agreement was reached with regards to the frequency hopping enhancement: 
	Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS



3.1.1 Receiver DL PRS Frequency Hopping	
In scenarios of small bandwidth, a typical solution to solve the problem of reduced timing resolution is to look into ways of performing frequency hopping and enable coherent processing across the hops.  
In LTE FeMTC Positioning, frequency hopping is supported for 1.4 MHz PRS BW, however no coherent processing is assumed, and therefore the gains of frequency hopping are relatively limited (mainly due to increased diversity). Specifically, PRS starts from the center of system BW and hops every PRS occasion. Up to 16 hops are supported, wherein a UE can hop 2 or 4 out of the 16 hops. 
			prsHoppingInfo-r14	CHOICE {
			nb2-r14				INTEGER (0.. maxAvailNarrowBands-Minus1-r14),
			nb4-r14				SEQUENCE (SIZE (3))
										OF INTEGER (0.. maxAvailNarrowBands-Minus1-r14)
	}														OPTIONAL				-- Cond PRS-FH
prsHoppingInfo
This field specifies the PRS frequency hopping configuration (TS 36.211 [16]). The choice nb2 indicates hopping between 2 narrowbands; the choice nb4 indicates hopping between 4 narrowbands. The first PRS positioning occasion of the first PRS occasion group that starts after the beginning of SFN=0 of the assistance data reference cell is located at the centre of the system bandwidth. 
The frequency band of each subsequent PRS occasion is indicated by nb2 or nb4, respectively, which defines the narrowband index as specified in TS 36.211 [16]. If this field is absent, no PRS frequency hopping is used.



Enabling receiver’s PRS frequency hopping would allow sharing the legacy PRS across eMBB and Redcap devices. Specifically, assume a TRP transmits a PRS with 100 MHz bandwidth, and it is being shared between an eMBB and a Redcap device. If such PRS already has some level of repetitions, either inter-slot (e.g., each PRS resource is configured to be transmitted over multiple slots within a period), or intra-slot repetition (e.g. comb-2/12-symbols has 6 repetitions of the basic comb-2/2-symbol pattern), then a Redcap device could perform fast RF Rx switching and perform positioning measurements with increased time-domain resolution. 
In other words, the already specified inter-slot repetition of a single PRS resource, or intra-slot repetition of a basic comb-based pattern could be reused for frequency hopping and fast switching amongst the hops. Note that current purposes of repetition of a DL PRS in NR Rel-16/17 are the following: Rx beam sweeping across repetitions, Combining gains for coverage extension, Intra-instance Muting.
Observation 3: Enabling receiver’s PRS hopping would allow sharing the legacy PRS across eMBB and Redcap devices. 
3.1.2 Phase Offset Impact in Frequency Hopping scenarios
One of the main issues that may need to be addressed is related to the phase offset/mismatch that may be introduced between the hops in the case of Tx or Rx frequency hopping. This is occurring at the device due to the RF retuning that may be occurring at the Tx or Rx chain. 

In the figures below, we show the performance of frequency hopping and coherently stitching between the hops for a TDD scenario with 30 KHz and 24 PRB PRS processing in each hop where, an unknown and uncompensated phase offset (θ) exists between the hops randomly chosen between the hops.
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With regards to FR2 Redcap devices, we first show the impact of phase shift in PRS band stitching. We assume that phase difference between two consecutive hops θi+1  -θi  follows a uniform distribution between [-θ,θ]  and 4 PRS hops, 100 MHz each, are processed coherently at the receiver. For comparison, we propose two baseline cases. 
1. Single hop (100MHz) without repetition. (1/4 of resource overhead with 4 PRS hops)
2. Single hop (100 MHz) with 4 repeptions, non-coherent combining ( Same resource overhead )
As can be seen from the following Figure, PRS frequency hopping could improve the accuracy until the phase difference is larger than 8 deg with 2 Rx chains, in the InF-SH channel compared with single hops with repetition. Among two baselines, Single hop with repetitions show slightly better accuracy.  
[image: ]
Figure 4: Positioning Accuracy of RedCap UE (TDD Evaluation Assumptions) with 2 Rx chains for InF-SH FR2 with 4 Hops (120 KHz SCS) and phase offset chosen uniformly in [-θ,θ] with (θ = {0, 1, 2, 4, 8, 16,32} degrees) between two consecutive hops
In Figure 5, we show the comparison between the PRS frequency hopping without overlapping tones across the hops and the PRS frequency hopping with overlapping tones across the hops, assuming the same resource overhead. We assume 4 PRS hops, 100MHz each, and the overlapping BW is 25 MHz.  Therefore, the total BW is 325 MHz with overlapping tones. With the same phase shift error range, the PRS band stitching with phase offset estimation is inferior to the stitching without phase offset estimation due to the lower total BW. With overlapping tones, receiver can estimate phase offset by using overlapping tones across the hops, thus reduce the phase offset and improve positioning accuracy. For example, the positioning accuracy of PRS hopping with overlapping tones (θ=4) is better than the one without overlap (θ=8).  
[image: ]
Figure 5: Positioning Accuracy of RedCap UE (TDD Evaluation Assumptions) with 1 Rx chain for InF-SH FR2 with 4 Hops (120 KHz SCS) , with and without overlapping tones
Proposal 2: For the purpose of enhancing the performance of NR Positioning for Redcap devices, enhancements for enabling receive DL-PRS frequency hopping for both FR1 and FR2 should be introduced considering DL-PRS hopping with overlapping tones and intra-slot DL-PRS fast switching. 
3.1.3 Phase Offset Compensation in scenarios of Rx Frequency Hopping
One way to compensate for such phase offset is to use overlapping tones across the hops, assuming the hops are close-by in time and the device is not in a high mobility scenario. To demonstrate that, we show results below with 1 PRB overlap between the hops, for the case of DL-TDOA with 4 hops, each 20 MHz and we compare it against the best performance of 80 MHz coherent processing, and a UE that is only doing non-coherent processing. We simulate this for the UMI, 4 GHz scenario with 200m ISD. We observe that, even with 1 PRB of overlap, the UE is able to estimate well enough the phase error (which was randomly chosen in each hop in the U[-180,180] degrees) and still achieve a performance very close to the 80 MHz performance. 
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The phase offset estimation algorithm that we used is the following: Let L overlapping tones be and are the 2 frequency domain channels. The device could compute g and estimate the phase offset as 
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Observation 4: The phase discontinuity introduced due to PRS frequency hopping results a in performance degradation which could be mitigated by using frequency hopping with overlapping tones.  
6.4 Transmitter DL PRS Frequency hopping
In the receiver PRS hopping, enabling receiver’s PRS hopping would allow PRS sharing the legacy PRS across eMBB and Redcap devices. For Redcap only system, legacy DL-PRS with repetitions cannot efficiently utilize all RF resources since receiver can measure a subset of RBs within each repetition. Therefore, we propose that transmitter could also transmit PRS with a frequency hopping pattern to save the system resource. The hopping pattern should be known to both transmitter and receiver. 
One additional advantage of transmitter PRS hopping is that it may increase EPRE of combined PRS. Assume a transmitter applies the same Tx power in each transmission occasion, the total Tx power of N hops is N times compared with single transmission. In other word, the Tx power of transmitter PRS hopping with N hops can be N times the Tx power of single shot PRS transmission, assume the total bandwidths are the same.  This could benefit more for the large area positioning and UL where the link budget is limited.  
In Figure. 9 we show the positioning accuracy with increased Tx power. Similar to the previous simulation assumption, 4 PRS hops, 100 MHz each, are processed coherently at the receiver. We increase the Tx power by 6dB to approximate the Tx power gain. As can be seen, the accuracy can be improved with Tx boost.
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Figure 9: Positioning Accuracy of RedCap UE (TDD Evaluation Assumptions) for FR2 InF-SH DL-TDOA with 4 Hops (120 KHz SCS) , with and without Tx hopping.
Observation 5: Enabling transmitter’s PRS hopping could improve the Tx power, and further improve the positioning accuracy.
Proposal 3: For the purpose of enhancing the performance of NR Positioning for Redcap devices, enhancements for enabling Transmit DL-PRS / SRS frequency hopping for both FR1 and FR2 should be introduced considering DL-PRS / SRS Tx hopping with overlapping tones and intra-slot DL-PRS / SRS fast switching. 
6.4 SSB, TRS & SRS-MIMO for Positioning Measurements
Redcap devices may not have strict positioning requirements, and in many scenarios, may correspond to IoT devices with very reduced features and the need of only crude positioning. In this case, these devices might not implement the additional features of DL-PRS and SRS for Positioning, and instead, prefer to support a simplified version wherein any positioning measurement is derived using SSBs, TRS, or SRS for MIMO. For this purpose, we think that it is useful to study whether such enhancements are useful to be included in NR Rel-18: 
Proposal 4: For the purpose of Redcap positioning enhancements, supporting Positioning measurements (RSTD, UE Rx-Tx, RSRPP) derived on SSB, TRS should be introduced. 
Proposal 5: For the purpose of Redcap positioning enhancements, supporting M-RTT / UL-TDOA / UL-AoA using SRS-MIMO should be introduced. 
6.5 Phase-Difference DL-AoD
The following agreement was made during NR Rel-17 WI: 

	Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.



A phase-difference based DL-AoD would correspond to the following method: The transmitting device sends multiple PRS resources, each PRS resource via each of the physical antennas. As each PRS from the antennas in the array arrives at the receiver’s single antenna, it is phase shifted from the previous PRS due to the different distance it has traveled from the transmitter as shown graphically in the figure below. In the simple scenario shown in the figure below, one can estimate the angle of departure by measuring the phase difference between the PRS resources using a simple formula.
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In such a method, there is no need to know what are the beam responses of the PRS resources. The receiver is only required to know the mapping of the PRS resources into the physical antennas, along with the antenna (e.g., ULA, UPA, single or multi-panel) configuration of the TRP and the relative distance of the antennas (the dH and dV parameters, as usually referred to in the 38.901 specification). It deserves to be noted that such a method is being employed already by competing technologies (e.g., Bluetooth ).

For the purpose of evaluating the gains of Phase-Difference based DL-AoD over the NR Rel-17 RSRPP-based DL-AoD, we perform an evaluation in the InF-SH scenario at 700 MHz with 20 MHz Redcap device. The results are shown in the following graphs. We observe that a performance of 1m at 80% in the InF-SH scenario, with 20 MHz, is achievable with Phase-Difference DL-AoD, whereas the legacy RSRPP-based DL-AoD, with 2 or 4 Tx beams achieve 5 and 2.2 m respectively.
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Observation 6: Phase-Difference-based AoD is a positioning method that demonstrates performance gains in scenarios with small number of Tx beams at the transmitter side (e.g. FDD scenarios)
· A performance of 1m at 80% in the InF-SH scenario, with 20 MHz, is achievable with Phase-Difference DL-AoD, whereas the legacy RSRPP-based DL-AoD, with 2 or 4 Tx beams achieve 5 and 2.2 m respectively

Proposal 6: For the purpose of Redcap positioning enhancements, study further Phase-Difference AoD. 
4 Conclusions
Overall, we make the following observations and proposals:
Observation 1: NR Rel-16/17 Work Items did not specifically include positioning enhancements associated to Redcap devices, but several of the features have already been defined for the purpose of being applicable to UEs with:
· Limited PRS Processing Bandwidth
· Limited PRS processing capabilities
· Limited PRS resource configuration capabilities
· Limited Simultaneous Positioning method capabilities

Observation 2: Performance requirements for the case of single Rx antennas have not been included in NR Rel-16/17 RAN4 specification. 

Proposal 1: Send LS to RAN4 to ask them to include positioning requirements derived using simulation assumptions wherein 1 Rx is assumed at the UE. 
Observation 3: Enabling receiver’s PRS hopping would allow sharing the legacy PRS across eMBB and Redcap devices. 
Proposal 2: For the purpose of enhancing the performance of NR Positioning for Redcap devices, enhancements for enabling receive DL-PRS frequency hopping for both FR1 and FR2 should be introduced considering DL-PRS hopping with overlapping tones and intra-slot DL-PRS fast switching. 
Observation 4: The phase discontinuity introduced due to PRS frequency hopping results a in performance degradation which could be mitigated by using frequency hopping with overlapping tones.  
Observation 5: Enabling transmitter’s PRS hopping could improve the Tx power, and further improve the positioning accuracy.
Proposal 3: For the purpose of enhancing the performance of NR Positioning for Redcap devices, enhancements for enabling Transmit DL-PRS / SRS frequency hopping for both FR1 and FR2 should be introduced considering DL-PRS / SRS Tx hopping with overlapping tones and intra-slot DL-PRS / SRS fast switching. 
Observation 6: Phase-Difference-based AoD is a positioning method that demonstrates performance gains in scenarios with small number of Tx beams at the transmitter side (e.g. FDD scenarios)
· A performance of 1m at 80% in the InF-SH scenario, with 20 MHz, is achievable with Phase-Difference DL-AoD, whereas the legacy RSRPP-based DL-AoD, with 2 or 4 Tx beams achieve 5 and 2.2 m respectively

Proposal 4: For the purpose of Redcap positioning enhancements, supporting Positioning measurements (RSTD, UE Rx-Tx, RSRPP) derived on SSB, TRS should be introduced. 
Proposal 5: For the purpose of Redcap positioning enhancements, supporting M-RTT / UL-TDOA / UL-AoA using SRS-MIMO should be introduced. 
Proposal 6: For the purpose of Redcap positioning enhancements, study further Phase-Difference AoD. 
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Evaluation assumptions for system level analysis are provided in Table B.6.X.1-1
Table B.6.X.1-1: NR RedCap positioning - evaluation scenarios and parameters  
	Parameter
	Case 1 (UMI, FR1,700 MHz, 20 MHz, RTT)
	Case 2 (UMI, FR1,700 MHz, 5 MHz, RTT)
	Case 3 (InF-SH, FR1,700 MHz, 20 MHz, RTT)
	Case 4 (InF-SH, FR1, 700 MHz, 5 MHz, RTT)
	Case 5 (InF-SH, FR1, 700 MHz, 20 MHz, DL-AoD, 4 beams)

	Channel model (baseline, otherwise state any modifications)
	Umi
	Umi
	InF-SH
	InF-SH
	InF-SH

	Carrier frequency
	700 MHz
	700 MHz
	700 MHz
	700 MHz
	700 MHz

	Subcarrier spacing
	15 KHz
	15 KHz
	15 KHz
	15 KHz
	15 KHz

	Reference Signal Transmission Bandwidth
	20 MHz
	5 MHz
	20 MHz
	5 MHz
	20 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-12/12-symbols
	Comb-12/12-symbols
	Comb-12/12-symbols
	Comb-12/12-symbols
	Comb-12/12-symbols

	Reference signal
(type of sequence, number of ports, …)
	1 port
	1 port
	1 port
	1 port
	1 port

	Number of sites
	19
	19
	18
	18
	18

	Number of symbols used per occasion
	4
	4
	4
	4
	4

	number of occasions used per positioning estimate
	1
	1
	1
	1
	1

	Power-boosting level
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB

	Uplink power control (applied/not applied)
	Not applied
	Not applied
	Not applied
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting
	Ideal muting
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	IFFT-based Thresholding
	IFFT-based Thresholding
	IFFT-based Thresholding
	IFFT-based Thresholding
	IFFT-based Thresholding

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	RANSAC, RTT
	RANSAC, RTT
	RANSAC, RTT
	RANSAC, RTT
	RANSAC, RTT

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal
	Ideal
	Ideal

	UE/gNB RX and TX timing error
	Ideal
	Ideal
	Ideal
	Ideal
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	None
	None
	None
	None
	None

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

	UE antenna configuration
	(1, 1, 1, 1)
	(1, 1, 1, 1)
	(1, 1, 1, 1)
	(1, 1, 1, 1)
	(1, 1, 1, 1)

	Number of UE branches
	1Rx 1Tx
	1Rx 1Tx
	1Rx 1Tx
	1Rx 1Tx
	1Rx 1Tx

	Description of enhancement solutions, if any
	-
	-
	-
	-
	-

	gNB antenna configuration 
	(2,4,2)
	(2,4,2)
	(2,2,2)
	(2,2,2)
	(2,2,2)

	UE noise figure  
	9 dB
	9 dB
	9 dB
	9 dB
	9 dB

	UE antenna height
	1.5m
	1.5m
	1.5m
	1.5m
	1.5m

	gNB antenna height
	10m
	10m
	8m
	8m
	8m

	Additional notes, if any
	-
	-
	-
	-
	4 PRS resources in each TRP



 
	Parameter
	Case 6 (InF-SH, FR1, 700 MHz, 20 MHz, DL-AoD, 2 beams)
	Case 7 (UMI, FR1,3.5 MHz, 20 MHz, RTT)
	Case 8 (InF-SH, FR2, 28 GHz, 100 MHz, RTT)

	Channel model (baseline, otherwise state any modifications)
	InF-SH
	Umi
	InF-SH

	Carrier frequency
	700 MHz
	3.5 GHz
	28 GHz

	Subcarrier spacing
	15 KHz
	30 KHz
	120 KHz

	Reference Signal Transmission Bandwidth
	20 MHz
	20 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-12/12-symbols
	Comb-12/12-symbols
	Comb-2/2 symbols

	Reference signal
(type of sequence, number of ports, …)
	1 port
	1 port
	1 port

	Number of sites
	18
	19
	18

	Number of symbols used per occasion
	4
	4
	2

	number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	0 dB
	0 dB
	0 dB

	Uplink power control (applied/not applied)
	Not applied
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	IFFT-based Thresholding
	IFFT-based Thresholding
	IFFT-based Thresholding

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	RANSAC, RTT
	RANSAC, RTT
	RANSAC, TDoA

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal

	UE/gNB RX and TX timing error
	Ideal
	Ideal
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	None
	None
	None

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

	UE antenna configuration
	(1, 1, 1, 1)
	(1, 1, 1, 1)
	(4, 2, 2, 1)

	Number of UE branches
	1Rx 1Tx
	1Rx 1Tx
	1Rx 1Tx

	Description of enhancement solutions, if any
	-
	-
	-

	gNB antenna configuration 
	(2,2,2)
	(2,16,2)
	(4, 8, 2)

	UE noise figure  
	9 dB
	9 dB
	13 dB

	UE antenna height
	1.5m
	1.5m
	1.5m

	gNB antenna height
	8m
	10m
	8m

	Additional notes, if any
	2 PRS resources in each TRP
	-
	1 PRS resource in each TRP
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	Cases
	
	50%
	67%
	80%
	90%
	Is Requirement met or not?

	Case 1 (UMI, FR1,700 MHz, 20 MHz, RTT)
	(Optional) All UEs
	2.5 m
	3 m
	4.5 m
	6 m
	No

	
	Convex UEs
	
	

	Case 2 (UMI, FR1,700 MHz, 5 MHz, RTT)
	(Optional) All UEs
	8 m
	11 m
	13 m
	16 m
	No

	
	Convex UEs
	
	

	Case 3 (InF-SH, FR1,700 MHz, 20 MHz, RTT)
	(Optional) All UEs
	
	No

	
	Convex UEs
	1 m
	1.5 m
	2 m
	3 m
	

	Case 4 (InF-SH, FR1, 700 MHz, 5 MHz, RTT)
	(Optional) All UEs
	
	No

	
	Convex UEs
	2 m
	7 m
	10 m
	20 m
	

	Case 5 (InF-SH, FR1, 700 MHz, 20 MHz, DL-AoD, 4 beams)
	(Optional) All UEs
	
	No

	
	Convex UEs
	1 m
	1.8 m
	2.2 m
	3.5 m
	

	Case 6 (InF-SH, FR1, 700 MHz, 20 MHz, DL-AoD, 2 beams)
	(Optional) All UEs
	
	No

	
	Convex UEs
	2.3 m
	4.2 m
	5 m
	6 m
	

	Case 7 (UMI, FR1,3.5 MHz, 20 MHz, RTT)
	(Optional) All UEs
	3.2 m
	7 m
	8 m
	15 m
	No

	
	Convex UEs
	
	

	Case 8 (InF-SH, FR2, 28 GHz, 100 MHz, RTT)
	(Optional) All UEs
	0.03m
	0.05m
	0.08m
	0.17m
	Yes

	
	Convex UEs
	
	
	
	
	


Table B.6.X.2-1: NR positioning for Redcap UEs (baseline) - horizontal location error results from [X]

Figures B.6.X.2-1 provides the results of the above cases: 
[image: ]
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Figure B.6.X.2-1: Results for Case 1-8 from [X]
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