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1. Introduction 
In RAN#98 meeting a work item on Expanded and Improved NR Positioning was approved [1]. For positioning accuracy improvement, it was agreed to specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning as follow: 
	· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].


In this contribution, we discuss issues for supporting NR DL and UL carrier phase positioning.

2. Discussion
Carrier phase measurement and reporting
There were two agreements made in the previous meeting: the introduction of carrier phase (CP) and/or carrier phase difference (CPD) for UE-based and UE-assisted CPP, and the ability for a UE/TRP to report carrier phase measurements along with legacy positioning measurements (e.g. RSTD, RTOA, UE Rx-Tx time difference measurement, gNB Rx-Tx time difference measurement) to LMF. Regarding the reporting of CP and CPD, the contents of the measurement report will vary depending on the entity that performs the differencing. Depending on whether the differencing is included in the measurement or in the computation, the definitions may differ. For example, if differencing is considered an operation rather than a measurement, the measurement report for downlink UE-based positioning would be a carrier phase difference (CPD), while for UE-assisted positioning it could be the carrier phase itself. Therefore, both CP and CPD need to be supported. 
Furthermore, although the details of PRU have not yet been agreed upon, its inherent purpose is to improve the measurement accuracy of UE. Therefore, it is expected that the measurement results of PRU will be used for error elimination (i.e. differencing) of carrier phase measurements measured by UE. Depending on the needs of LMF, the CP of PRU, which has not eliminated Tx timing error, may be required, or CPD may be required. In this context, the method of not separately defining the reporting framework for carrier phase measurements of PRU is to use the same reporting framework as UE. To do this, both CP and CPD should be introduced.
Proposal 1: To enable UE-based and UE-assisted NR CPP, both CP and CPD should be introduced

Needless to say, frequency of phase measurement should be clearly defined since phase is a relative value depending on carrier frequency. We will first discuss the downlink aspect. According to the updated WID, since the carrier phase measurement in measurement gap (MG) will be considered in RAN4, it is necessary to give priority to the CPM performed in MG. The simplest way is to consider performing phase measurement for each PFL for the center frequency by receiving PRS within MG so that UE can measure carrier phase. Although this has the advantage of simplicity, it may not be desirable from a network operation perspective.
When considering error elimination for the phase measurement results of UE's DL PRS, it may be beneficial to perform double differencing. In general, a transmitter-receiver set consisting of two different transmitters and two different receivers is used for double differencing. However, for integer ambiguity resolution and higher accuracy, it is necessary to use multiple sets of transmitter-receiver pairs rather than relying on a single set to perform positioning. Moreover, in contrast to GPS/GNSS, terrestrial networks cannot always guarantee line-of-sight (LOS) environments, which implies that multiple sets of transmitter-receiver pairs are expected to be used for double differencing. From a network operation perspective, it may not be feasible to ensure quality on all channels at the same frequency for each UE to TRP pair, as the channel conditions may vary depending on the situation. Therefore, performing phase measurements at the same frequency for all pairs of UEs can be challenging in such a context. Therefore, it is possible to consider LMF instructing the phase measurement at a specific frequency per PFL or per UE level. Even if CPM is performed in positioning processing window (PPW), i.e., within UE's active downlink BWP, the active downlink BWP and bandwidth of PFL may not be aligned. For such cases, LMF could set a list of specific frequencies within multiple PFLs, and UE could choose from them. However, since the PRU will also be based on the UE's measurement and report procedure, the methods mentioned above can be considered. However, if the PRU is stationary and the LOS path between the PRU and the gNB does not change, such configurations may not be necessary. Therefore, further discussion may be needed regarding this matter.
Proposal 2: For determination of RF frequency of DL RSCP/RSCPD reporting of a target UE, following options can be considered 
· Option 1: Center frequency of a PFL 
· Option 2: LMF informs the RF frequency of DL RSCP/RSPD measurement per PFL or UE
· Option 3: LMF informs the RF frequency list of DL RSCP/RSPD measurement per PFL or per UE, and UE selects a RF frequency in the list for a reporting. 
· FFS: RF frequency of DL RSCP/RSCPD reporting of a PRU

UL SRS, similar to DL PRS, can also be measured through a basic method where the gNB measures the phase of the SRS transmitted by the UE at the center frequency. However, it is important to note that the power of the SRS transmitted by the UE is much lower compared to that of the gNB, and the transmission priority of the positioning SRS is not very high. This implies that the channel environment may be less stable for UL SRS compared to DL PRS. Therefore, to ensure accurate phase measurements, it is recommended to use multiple sets of transmitter-receiver pairs, each set with different frequencies, and perform double differencing for error elimination. Additionally, to compensate for the non-stable channel environment, the LMF may need to consider multiple frequency lists per SRS resource (set) or UE, and instruct the gNB to perform phase measurements on a selected frequency from the list. However, it should be noted that the UL SRS measurement and reporting procedure differs from that of the DL PRS. In addition, from the perspective of the LMF, which performs double differencing for network operation, it may be considered to directly indicate the RF frequency for performing double differencing to the gNB. However, due to the characteristics of the PRU mentioned earlier in DL PRS, configurability for this RF frequency may be unnecessary, so further discussions may be needed on this matter.
Proposal 3: For determination of RF frequency of UL RSCP reporting for a target UE, following options can be considered
· Option 1: Center frequency of a SRS resource  
· Option 2: LMF informs the RF frequency of UL RSCP measurement per UE or SRS resource (set)
· FFS: RF frequency of UL RSCP reporting for a PRU

According to the agreement in the previous RAN1 meeting, CPM can be reported together with the existing positioning measurements (e.g. RSTD, RTOA, and Rx-Tx time difference) to resolve inter ambiguity problem. Accuracy of the estimated time-based positioning measurement can be improved by utilizing multiple samples.
One can argue that the accuracy of phase measurements is hard to be improved by averaging multiple observations due to the mobility of UE that results in significant phase variation. Since the time duration for multiple observation is within sub-frame level, assuming 10ms, and the position change due to UE mobility assuming 60km/h is around 17cm. In terms of phase, it would be cause tremendous difference since it is almost two times of period when carrier frequency is 3.5 Ghz (). From that, it is our understanding that averaging multiple observations for phase measurements can cause performance degradation when mobility of UE is high. Moreover, it should be noted that the key idea of (double) differencing is to eliminate common error between two different measurements by directly subtracting of measurements, rather than estimating the error and subtracting which enables estimation error is not present. To fully utilize the benefit of double differencing, common error should be guaranteed between measurements. In that perspective, averaging multiple observations for phase measurements can impact on the performance of error elimination when double differencing is applied. 
Hence, when CPM is reported together with existing positioning measurements, reporting a time domain positioning measurement based on multiple samples (or instances) shall be allowed, while CPM is measured based on one sample (or instance).
Since the number of time instances for each positioning measurements within a joint measurement reporting could be different, how to report time stamp in a positioning measurement report shall be discussed. In case of joint measurement reporting, it would be general idea that one of the time instances used for a time-based positioning measurement could be used as the time instance for CPM. Moreover, for double differencing of CPM, location server would require timing information on UE measures phase value. 
Proposal 4: When the RSCP/RSCPD measurements is reported together with the time-based positioning measurements, M(≥1) samples (or instances) is used for the time-based positioning measurement while one sample (or instance) is used for the RSCP/RSCPD measurements.
· Time stamp can be reported per each pair of the RSCP/RSCPD and time-based positioning measurements, and it indicates time information for RSCP/RSCPD measurements.

Instead of using multiple samples for a single phase measurement, reporting multiple CPMs for sequential time instances could be considered. By using multiple CPMs for sequential time instances, not only the positioning accuracy improvement but also the tracking UE position would be possible. For example, multiple RSCP/RSCPD measurements can be associated with one time-based positioning measurement. The evaluation results in section 3 shows that utilizing multiple phase measurements for sequential time instances can improve CPP performance, especially when small BW size is used for reference signal transmission/reception. To avoid positioning accuracy degradation due to the phase error between CPMs, lower phase error differences between CPMs would be preferred. Hence, concept of PEG or phase continuity window for guaranteeing zero or small phase error variation needs to be considered. 
Proposal 5: When the RSCP/RSCPD measurements is reported together with the time-based positioning measurements, one time-based positioning measurements can be associated with multiple RSCP/RSCPD measurements with different time instances
· FFS: PEG or phase continuity condition for multiple RSCP/RSCPD measurements associates with the time-based positioning measurement

To eliminate initial phase error in Rx, it is necessary to use a pair of RSCP measurements with the same initial phase error. However, it is important to note that the initial phase error can vary over time. Therefore, it is essential to consider using the same TEG or PEG to ensure accurate measurements.
Likewise, to eliminate initial phase error in Tx, it is worth fixing the PRS resource or PEG for a TRP when UE measures DL PRSs. This approach can result in more accurate and precise measurements. Therefore, paying attention to these details is crucial in obtaining the most accurate measurement results possible.
Observation 1: Differences in the initial phase error of the transmitter/receiver from phase measurements between different antennas/panels would degrade the positioning accuracy of CPP.
Observation 2: Initial phase error between carrier phase measurements of different timing may different from each other if phase continuity is not guaranteed. 
Proposal 6: For a RSCPD, pair of RSCP should be selected in a same slot or within a same phase continuity window. 
Proposal 7: A single PRS resource or PRS resources with same PEG can be used as a reference PRS resource(s) for RSCPD measurements of a positioning measurement report.

The purpose of reporting carrier phase measurement along with legacy positioning measurement by UE/TRP is to reduce the search space for integer ambiguity resolution. However, since PRU is a node with a fixed location, integer ambiguity resolution may not be necessary for it. With that, at least PRU with fixed location may not require to report the legacy positioning measurements to LMF. And even for UE, regardless of the positioning method used, a UE may have rough position information based on previous measurement results. Such UEs may not require reporting legacy positioning measurement together with carrier phase measurement, as the search space for integer ambiguity is not necessarily large. Reporting both measurements could be a waste of UE processing power.
Proposal 8: Support enabling a UE/TRP to report carrier phase measurements without the legacy positioning measurements to LMF

Utilization of PRU
For double differential technique, simultaneous measurements from timing and DL-PRS resource perspectives, should be guaranteed. Enhancements of UE behavior, LPP, NRPPA, and/or RAN signaling are inevitable to enable it. What we need to focus on is what methods are realistically feasible.
To perform simultaneous measurements, the most straightforward approach would be to instruct both nodes involved in the measurement to always perform measurements on the designated resources at specific timings. However, this method is not practical in reality. In particular, it is not practical to force UE to perform measurements on specific resources at specific timings for positioning purposes. Furthermore, even if measurements are forced, meaningful measurement results may not occur due to changes in UE's channel environment, among other factors. 
Therefore, as an alternative, we can consider forcing one of the two nodes to perform measurements at a specific resource and timing, while the other node adjusts accordingly. PRUs are stationary nodes designed for positioning, making them suitable for forced measurements. On the other hand, UEs can have mobility and may not always be able to measure the designated PRS resources. Thus, UEs need to be opportunistic in matching their measurements to those of the PRU. To enable both the UE and PRU to measure the same PRS resource, it would be appropriate for the PRU to always perform measurements on the predetermined PRS resources. However, even if the PRU measures the designated resources at the designated timings, it cannot measure all resources at all times, so its limitations must be taken into account. In order to enable UE to measure the same PRS resource as PRU, PRU should perform measurement on the configured PRS resources at all times. However, PRU cannot measure all resources at all times due to its limitations. On the other hand, UE should receive a list of PRS resources that PRU measures at the configured time, and be recommended to measure those PRS resources. To enable UE and PRU to measure at the same timing, PRU should perform measurement on the configured PRS resources at the configured timing at all times. Similarly, UE should receive a list of timings that PRU performs measurement on and be recommended to measure PRS resources at those timings.
In contrast, dynamically updating the resources assigned to the UE for positioning can be challenging. Therefore, it may be natural to introduce a behavior where the target UE periodically measures the assigned resources at the designated timings and dynamically instructs the new node (PRU) on the resources and timing to use for its measurements. It would be necessary to discuss all cases in detail, but at the very least, it is necessary to prioritize considering the case where the PRU performs measurements at the designated timing for the designated resources, and the UE receives recommendations to measure the same resources at the same timing.
Proposal 9: To support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU, at least following information should be introduced: 
· For a target UE 
· List of PRS resources recommended to monitor 
· List of recommended measurement timing 
· For a PRU
· List of PRS resources that PRU shall monitor 
· List of measurement timing that PRU shall perform DL PRS measurements

The previous discussion focused on simultaneous measurement in the case of static positions of UE. However, we also need to consider the mobility of the UE. In addition to that, it was observed that higher gain from double differencing can be achieved as the target UE is placed to the PRU closer. Combining them together, it can be concluded that different PRU may measure different set of PRS resources with different timing. To enable it, flexible switching mechanism of list of PRS resource and timing for measurements would be required. 
Proposal 10: Support LMF to inform a UE multiple list of PRS resources and timing for simultaneous measurements 
· For UE assisted positioning, assistance data can be used by LMF to recommend/indicate the UE to determine PRU index amongst the list. 
· For UE based positioning, LMF can transmit information associated with PRU location to the UE

Multipath mitigation
If carrier phase measurements reporting without the legacy positioning measurement is supported, whether and how to use LOS/NLOS indication shall be discussed. The legacy positioning measurement helps with integer ambiguity resolution, but it does not aid in determining LOS/NLOS or improve phase measurement itself. Therefore, carrier phase measurement is fundamentally unaffected by the presence or absence of legacy positioning measurement. The simplest approach would be to use the same LOS/NLOS indication as before.
Proposal 11: Reuse Rel-17 LOS/NLOS indication for a carrier phase measurements reporting without the legacy positioning measurement.


Integer ambiguity resolution
The reason why legacy positioning measurement can help reduce the search space for integer ambiguity resolution is because it can estimate a rough position through legacy positioning. Therefore, all legacy positioning, including RTT, should be reported with CPM. Before performing differencing, it is appropriate to report the CP that contains the phase error before differencing together with UE Rx-Tx time difference measurement. For CPD where the difference between received signals is reported, it is appropriate to report it together with RSTD measurement.
Proposal 12: Support enabling a UE/TRP to report CPM together with the legacy positioning measurements, including DL RSTD, UL RTOA, and UE/TRP Rx-Tx time difference.

PEG(phase error group)
The key idea of double differencing is to eliminate errors through direct differentiation without estimation. To enable this, common errors must be guaranteed in different measurements, so a set of two different transmitters and two different receivers is required. That being said, even if the transmitters are different, it is possible to perform differencing if they have a common error or similar errors within a certain margin. This is also true from the receiver's perspective. This means that introducing PEG from the LMF perspective can provide flexibility in setting the pairs of measurements for differencing, and therefore, it should be considered for adoption. From the perspective of the transmitter and receiver, Tx PEG can be considered when the phase error, including initial Tx error, is the same or within a certain margin. Similarly, Rx PEG can be considered when the phase error, including initial Rx error, is the same or within a certain margin.
Proposal 13: Support Tx and Rx PEG(Phase Error Group) for CPP, where
· Tx PEG: positioning RS with same phase error or error difference smaller than certain margin
· Rx PEG: positioning measurement with same phase error or error difference smaller than certain margin

The concept of PEG can be appropriately considered based on TEG. The difference is that it is in the phase domain, not the time domain, and the granularity may differ depending on the accuracy targeted by CPP. Therefore, it may be difficult to derive PEG from TEG or directly apply TEG to PEG. In addition to that, it should be noted that existing non-zero Tc values (e.g. 1 Tc) is larger than one wavelength. Hence only TEG with zero margin can be applicable for CPP.
Proposal 14: PEG with zero margin can be assumed when TEG with 0 Tc margin is configured.




3. Evaluation results for CPP support with small BW size
Simulation results on the CPP performance from multiple companies have shown drastic performance degradation for the smaller BW signals even in the ideal conditions. At the same time, baseline performance even for the relatively large BWs of 50-100 MHz can be improved further.
As it can be seen from the CDF analysis, the major performance limiting problem is the integer ambiguity resolution. The following observation was mad in the previous contributions [3,4]:

· The CPP accuracy curve defined by two regions – horizontal part, determined by integer ambiguity resolution (IAR) success and vertical part, determined by the carrier-phase accuracy

· The carrier-phase region corresponds to the correct IAR case and its accuracy has weak dependence from signal BW – amount of subcarriers to average for getting a single phase is large.

·  The main limit of the CPP accuracy is the IAR performance. The probability of successful resolution strongly depends on the BW, due to dependence of the initial distance/distance differences estimates and better resolution on the multipath components.

In the existing carrier phase positioning systems, such as GPS, IAR success rate is improved with employing several carrier frequencies, using multiple transmitters and receivers and constant tracking over multiple time instants.
For the 5G NR implementation of the carrier-phase positioning, the usage of several carriers may be undesirable and excessive. 
At the same time, using multiple TRPs for the positioning is natural to the considered Indoor Factory (InF) scenario, and up to 18 TRPs with different LOS/NLOS states and geometrical positions considered to be available for positioning.
Although constant tracking is not possible for the packet-based 5G system, we can use multiple consequent observations series for the same purpose. Investigation of the multiple observations processing and its benefits is the subject of present contribution.

To check the feasibility and limitations of the CPP in the multiple-observation, single carrier mode, simulations were made for the TDoA-based setup in the InF-SH scenario. 
The basic assumptions are:
· Distance-differences (DDs) between UE and APs are measured in the baseband with the MUSIC algorithms for every pair of stations, fractional carrier-phase differences are estimated in FD via subcarrier-phase approximation algorithm.
· It is assumed that all APs are synchronized using the PRUs with the smart LOS placement. Carrier phases between APs are calibrated with the same accuracy as phase difference estimation.
· Modified TDoA Chan algorithm with selection of the several AP subsets and weighting-based on residuals is used for initial position estimation.
· Cost function of the brute search for IAR is based both on the TDoA residuals and on the min mutual distances between point clouds.

Detailed assumptions are summarized in the Appendix A.
CPP results were obtained for the 20 MHz, 40 MHz, 50 MHz and 100 MHz DL PRS signals for the baseline carrier frequency 3.5GHz. Corresponding results are shown in Figure 1. Full set of results are included in Table 2, 3 and 4 in the Appendix B. 
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[bookmark: _Ref131802936]Figure 1 CPP performance for different BWs
The results shows that CPP performance can be improved by utilizing multiple observations, and the larger improvement gain can be achieved as smaller BW size is used for the measurements. Note that 10 samples over 100ms period of time are used for tracking and IAR correction (e.g. outlier detection) for CPP accuracy improvement.
Observation 3: IAR can be resolved in more than 90% cases for the baseline InF scenario for 100 MHz BW.
Observation 4: For 20-50 MHz signals, reliable IAR can be done with multiple observations.

At the same time, scenarios of interest for RedCap users may consider smaller BW and minimized periods of transmissions/receptions for the power saving purposes. Thus, the CPP performance for the limited observations time and limited BW should be assessed. 
Consider the 4ms period between PRSs and baseline 4 or 10 PRSs total, with different values of speed and carrier frequencies. Results are summarized in Figure 2. Full set of results are included in Table 5 in the Appendix B. When UE has low mobility and period of time for multiple measurements is short enough, almost static RSTD value can be expected over several time instances while the RSCP/RSCPD values would change due to the high carrier frequency. The evaluation results show that tracking and/or IAR correction method by utilizing multiple observations with carrier phase changes over the time duration is beneficial from CPP accuracy improvement. Hence, it is recommended to consider reporting multiple RSCP/RSCPD measurements measured at sequential time instances.
It should be noted that the search space for the IAR defined by the initial distance/distance differences accuracy expressed in the wavelengths. For the lower BW, loss of the accuracy can be somewhat compensated by the increase of the wavelength, so the ratio is kept the same. Changing carrier frequency from 3.5GHz to 2.1 GHz may ease the requirements on the initial accuracy by 66%.
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[bookmark: _Ref131811286]Figure 2. CPP performance for low-BW users
Observation 5: With limited BW and limited duration, the reliable IAR can be achieved with multiple PRSs over short periods only on the case of some users/environment mobility and preferable with lower carrier frequencies.


4. Conclusion
In this contribution, we discussed on potential enhancements on OFDM based carrier phase measurement in NR. From the discussion, we obtained following proposals and observations: 
Proposal 1: To enable UE-based and UE-assisted NR CPP, both CP and CPD should be introduced
Proposal 2: For determination of RF frequency of DL RSCP/RSCPD reporting of a target UE, following options can be considered 
· Option 1: Center frequency of a PFL 
· Option 2: LMF informs the RF frequency of DL RSCP/RSPD measurement per PFL or UE
· Option 3: LMF informs the RF frequency list of DL RSCP/RSPD measurement per PFL or per UE, and UE selects a RF frequency in the list for a reporting. 
· FFS: RF frequency of DL RSCP/RSCPD reporting of a PRU
Proposal 3: For determination of RF frequency of UL RSCP reporting for a target UE, following options can be considered
· Option 1: Center frequency of a SRS resource  
· Option 2: LMF informs the RF frequency of UL RSCP measurement per UE or SRS resource (set)
· FFS: RF frequency of UL RSCP reporting for a PRU
Proposal 4: When the RSCP/RSCPD measurements is reported together with the time-based positioning measurements, M(≥1) samples (or instances) is used for the time-based positioning measurement while one sample (or instance) is used for the RSCP/RSCPD measurements.
· Time stamp can be reported per each pair of the RSCP/RSCPD and time-based positioning measurements, and it indicates time information for RSCP/RSCPD measurements.
Proposal 5: When the RSCP/RSCPD measurements is reported together with the time-based positioning measurements, one time-based positioning measurements can be associated with multiple RSCP/RSCPD measurements with different time instances
· FFS: PEG or phase continuity condition for multiple RSCP/RSCPD measurements associates with the time-based positioning measurement
Proposal 6: For a RSCPD, pair of RSCP should be selected in a same slot or within a same phase continuity window. 
Proposal 7: A single PRS resource or PRS resources with same PEG can be used as a reference PRS resource(s) for RSCPD measurements of a positioning measurement report.
Proposal 8: Support enabling a UE/TRP to report carrier phase measurements without the legacy positioning measurements to LMF
Proposal 9: To support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU, at least following information should be introduced: 
· For a target UE 
· List of PRS resources recommended to monitor 
· List of recommended measurement timing 
· For a PRU
· List of PRS resources that PRU shall monitor 
· List of measurement timing that PRU shall perform DL PRS measurements
Proposal 10: Support LMF to inform a UE multiple list of PRS resources and timing for simultaneous measurements 
· For UE assisted positioning, assistance data can be used by LMF to recommend/indicate the UE to determine PRU index amongst the list. 
· For UE based positioning, LMF can transmit information associated with PRU location to the UE
Proposal 11: Reuse Rel-17 LOS/NLOS indication for a carrier phase measurements reporting without the legacy positioning measurement.
Proposal 12: Support enabling a UE/TRP to report CPM together with the legacy positioning measurements, including DL RSTD, UL RTOA, and UE/TRP Rx-Tx time difference.

Proposal 13: Support Tx and Rx PEG(Phase Error Group) for CPP, where
· Tx PEG: positioning RS with same phase error or error difference smaller than certain margin
· Rx PEG: positioning measurement with same phase error or error difference smaller than certain margin
Proposal 14: PEG with zero margin can be assumed when TEG with 0 Tc margin is configured.

Observation 1: Differences in the initial phase error of the transmitter/receiver from phase measurements between different antennas/panels would degrade the positioning accuracy of CPP.
Observation 2: Initial phase error between carrier phase measurements of different timing may different from each other if phase continuity is not guaranteed. 
Observation 3: IAR can be successfully resolved in more than 90% cases for the baseline InF scenario for 100 MHz BW.
Observation 4: For 20-50 MHz signals, reliable IAR can be done with multiple observations.
Observation 5: With limited BW and limited duration, the reliable IAR can be achieved with multiple PRSs over short periods only on the case of some users/environment mobility and preferable with lower carrier frequencies.
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6. Appendix 
Appendix A
[bookmark: _Ref127278943]Table 1 Simulation assumptions
	Parameter
	[Case ID], [Scenario]

	Channel model
	TS 38.901
InF-SH, 3 km/h speed

	Single carrier frequency, or multiple carrier frequencies, GHz
	3.5 GHz

	Bandwidth, MHz
	100,50,20 MHz

	Subcarrier spacing, kHz
	30 kHz

	RS signal description
	DL PRS 2-2

	Positioning method
	TDoA / MUSIC

	Carrier phase estimation techniques
(time-domain, freq-domain, references)
	Frequency domain

	Single-measurement instance CPP, or multiple measurement instances CPP
	Single

	UE position calculation algorithm (e.g. Least squares, Taylor series, …)
	Chan

	Network synchronization assumption (e.g., 0ns, 10ns, ..)
	0ns

	UE/TRP Initial phase offset
	Ideal

	CFO/Doppler
	None / 3 km/h

	Phase Center Offsets
	Ideal





Appendix B
Table 2. CPP accuracy for 20 MHz band, in InF-SH scenario, 3km/h
	Mode
	50%, 10-3m
	67%, 10-3m
	80%, 10-3m
	90%, 10-3m

	Baseband TDoA
	170
	270
	400
	630

	CPP TDoA, single observation
	5
	230
	440
	790

	4x10ms / 40ms
	1.6
	4.0
	72.2
	420

	4x20ms / 80ms
	1.5
	3.3
	13.1
	270

	4x30ms / 120ms
	1.5
	3.0
	7.6
	180

	4x40ms / 160ms
	1.4
	3.0
	7.6
	170

	10x10ms / 100ms
	1.3
	3.0
	6.1
	120

	10x20ms / 200ms
	1.2
	3.0
	5.1
	50

	10x30ms / 300ms
	1.3
	2.0
	5.1
	30

	10x40ms / 400ms
	1.2
	2.5
	5.0
	20



Table 3 CPP accuracy for 40 MHz band, in InF-SH scenario, 3km/h
	Mode
	50%, 10-3m
	67%, 10-3m
	80%, 10-3m
	90%, 10-3m

	Baseband TDoA
	73.5
	114
	174.3
	277.9

	CPP TDoA, single observation
	1.5
	3.4
	21.2
	284.0

	4x10ms / 40ms
	1.1
	2.3
	5.5
	96.6

	4x20ms / 80ms
	1.1
	2.2
	4.5
	16.8

	4x30ms / 120ms
	1.2
	2.2
	4.4
	14.6

	4x40ms / 160ms
	1.2
	2.1
	4.0
	14.5

	10x10ms / 100ms
	1.1
	2.0
	3.7
	11.9

	10x20ms / 200ms
	1.1
	2.0
	3.8
	9.1

	10x30ms / 300ms
	1.1
	2.1
	4.0
	9.8

	10x40ms / 400ms
	1.1
	2.1
	3.7
	9.5



Table 4 CPP accuracy for 50/100 MHz band, in InF-SH scenario, 3km/h
	Mode
	50%, 10-3m
	67%, 10-3m
	80%, 10-3m
	90%, 10-3m

	50 MHz, Baseband TDoA
	59.6
	90.7
	139.3
	230.7

	50 MHz, CPP TDoA, single
	1.3
	2.8
	9.7
	197.3

	50 MHz 4x10ms / 40ms
	1.1
	2.3
	5.0
	53.6

	50 MHz, 10x10ms / 100ms
	1.1
	2.0
	3.7
	10.1

	100 MHz, Baseband TDoA
	31.9
	50.4
	82.3
	145.0

	100 MHz, CPP TDoA, single
	1.1
	2.2
	5.6
	96.7

	100 MHz 4x10ms / 40ms
	1.0
	2.0
	4.1
	18.9

	100 MHz 10x10ms / 100ms
	0.9
	1.7
	3.1
	8.0



[bookmark: _Ref131811366]Table 5. CPP accuracy for 20 MHz band, InF-SH scenario
	Mode
	50%, 10-3m
	67%, 10-3m
	80%, 10-3m
	90%, 10-3m

	Baseband TDoA
	170
	270
	400
	630

	CPP, single observation, 3.5 GHz
	5
	230
	440
	790

	4x4ms, 3.5 GHz, 3 km/h
	2.2
	11.5
	269.6
	551.8

	4x4ms, 3.5 GHz, 30 km/h
	1.6
	3.7
	32.3
	386.8

	10x4ms, 3.5 GHz, 3 km/h
	1.5
	3.3
	13.3
	301.8

	10x4ms, 3.5 GHz, 30 km/h
	1.3
	2.6
	5.8
	148.1

	4x4ms, 2.1 GHz, 3 km/h
	3.2
	7.9
	122.4
	506.0

	4x4ms, 2.1 GHz, 30 km/h
	2.5
	4.7
	10.9
	127.3

	10x4ms, 2.1 GHz, 3 km/h
	2.4
	5.1
	13.8
	294.4

	10x4ms, 2.1 GHz, 30 km/h
	2.2
	3.9
	7.3
	21.1
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