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Introduction
In RAN#80, the new SID was approved on NR positioning [1] with the following objectives from RAN1’s perspective [2]:
· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc. (in RAN1 #94bis)
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc. (in RAN1 #94bis)
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
· Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (Umi-street canyon and Uma scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.
· Define evaluation methodologies considering the above evaluation scenarios including:
· System parameters including operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning
· User dropping procedures
· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements
· The evaluation scenarios/methodologies developed for above regulatory aspects can be a baseline for other positioning evaluations at least by taking TR 37.857 into account.
· 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.

In this contribution, we will discuss the potential solutions of positioning technologies with the focus on NR-based RAT dependent positioning solutions (Note: This contribution is a revised version of R1-1810532).

OTDOA
OTDOA was introduced in 3GPP [1] in Rel-9 for LTE, where a UE measures the DL reference signals from nearby cells to obtain the RSTD measurements and reports the measurements to a location server in the network, where the UE position is determined based on multilateration or other algorithms.
In principle, any DL RS (e.g., PSS, SSS, CSI-RS) can be used to obtain the RSTD measurements. However, these DL RS are designed with the purpose of supporting data communication and for which the UE only needs to detect the DL-RS from as few as a single cell. As a matter of fact, the purpose of careful cell planning is to ensure the UE can be served by at least one but as few as possible the small number of cells for resource optimization and interference minimization. In general, the UE is not able to detect the DL-RS for data communication from enough number of neighbor cells for OTDOA positioning.  Thus, PRS was specially introduced for supporting LTE OTDOA.
General considerations in NR PRS design
For NR systems, it is expected that OTDOA will also be supported with specially designed PRS. As in LTE, a number of key issues need to be considered in the design of the NR PRS sequences:
· PRS sequence: In LTE length-31 Gold-sequence is used for the generation of the PRS sequences. Given that LTE PRS was introduced as early as in Rel-9, it is worthy to have a discussion in this SI on whether NR needs to adopt a different random sequence for the generation of the NR PRS with the careful evaluation and consideration of the recent progress of the random sequence theory and practice, as well as the challenging deployment scenarios and positioning requirements faced by the NR positioning systems;
· Frequency range, bandwidth, and subcarrier spacing: In comparison with LTE, NR has to support much wider carrier frequency ranges (both FR1 and FR2) and much wider bandwidth, especially in FR2. In addition, NR positioning needs to support difference subcarrier spacings for PRS transmission;
· Multi-beam PRS transmission: Unlike LTE, supporting multi-beam PRS transmission becomes essential for the design on the NR PRS sequences and the configurations. The PRS transmission pattern and muting pattern have to take into the consideration of the multi-beam transmission and scanning of the PRS signals.
· Flexibility: NR PRS needs to be designed to support various potential regulatory and commercial user cases. Thus, NR must support the PRS design with very flexible configuration, so that the network can configure the PRS to support the general and special positioning requirements.

In our companion paper [3], we provide a detailed discussion of the NR PRS for supporting OTDOA positioning, where the following proposals were made for the NR PRS design: 
	[bookmark: _Toc528649267][bookmark: _Toc528649515]Proposal 1. For the evaluation of NR positioning, different PRS subcarrier spacings Δf_PRS=15⋅2^μ kHz (μ=0,1,2,3,4) should be considered.
[bookmark: _Toc528649268][bookmark: _Toc528649516]Proposal 2. For the evaluation of NR positioning, a single antenna port is used for NR PRS transmission.
[bookmark: _Toc528649269][bookmark: _Toc528649517]Proposal 3. For the evaluation of NR positioning, different PRS RE density per PRS RB should be considered.
[bookmark: _Toc528649270][bookmark: _Toc528649518]Proposal 4. For the evaluation of NR positioning, the PRS sequences generated based on length-31 Gold sequences should be considered.
[bookmark: _Toc528649271][bookmark: _Toc528649519]Proposal 5.  The initialization of the random sequences for PRS generation should depend, at least, on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.
[bookmark: _Toc528649272][bookmark: _Toc528649520]Proposal 6. For the evaluation of NR positioning, the PRS sequences generated based on Kasami sequences can be considered.
[bookmark: _Toc528649273][bookmark: _Toc528649521]Proposal 7.  For the evaluation of NR positioning, NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers, and avoid the scenario that there are no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion.
[bookmark: _Toc528649274][bookmark: _Toc528649522]Proposal 8.  For the evaluation of NR positioning, NR PRS also needs to consider the design of multi-beam PRS transmission with the unified approach for both TDD and FDD systems and for both FR1 and FR2.
[bookmark: _Toc528649275][bookmark: _Toc528649523]Proposal 9.  For the evaluation of NR positioning for supporting multibeam transmission of the PRS signals, NR PRS mapping in time domain should consider: a) the concept of PRS block and PRS block set; b) the mapping of the OFDM symbols in a PRS block and the mapping pattern of the PRS blocks in aPRS block set (a PRS occasion); and c) the transmission period and transmission offset of the PRS block set (a PRS occasion).
[bookmark: _Toc528649276][bookmark: _Toc528649524]Proposal 10. For the evaluation of NR positioning for supporting the multibeam transmission of the PRS signals, The PRS muting patterns should be considered that take the multibeam transmission of the PRS signals into consideration.



NR PRS design with P-PRS and S-PRS
In LTE, the PRS signals from a cell are transmitted with a configured transmission pattern, i.e., with a configured transmission time period, a transmission time duration, and a transmission offset (Figure 1). In the transmission time duration, the PRS signals are mapped to the defined PRS REs in PRS OFDM symbols in the configured PRS subframes. The PRS signals are transmitted with the same power for each PRS RE, which equals normally the total configured BS transmission power divided by the total number of PRS REs within the PRS transmission bandwidth. In order to improve the hearability of the PRS signals or minimize the interferences from other data or reference signals, there is in general no transmission of other data signals or other reference signals on the PRS transmission duration.
[image: ]
[bookmark: _Ref525409489]Figure 1. Illustration of LTE PRS transmission
There can be a further enhancement on the legacy PRS transmission pattern for the following reasons:
· In the OFDM symbols for PRS transmission, there is no transmission of other signals for data communication. Thus, the RF resources allocated during the PRS transmission time duration are all counted as the overhead in the context of the data communication service;
· Reducing the PRS overhead requires configuring long PRS transmission time period and short PRS transmission time duration, while the longer period of PRS transmission brings longer positioning delays and shorter PRS transmission time duration results in lower detection probability of PRS signals and lower positioning performance. In a real system deployment, it is difficult to solve this dilemma. Due to the concern of the system overhead, PRS transmission is normally configured with relatively long periodicity and shorter duration, which inevitably results in the compromised positioning performance;
· With the non-continuous, periodic transmission of the PRS signals, it is very difficult, if not impossible, to adopt more advanced signal processing techniques (such as long-term cross-correlation or carrier phase positioning) to achieve high-performance positioning for some challenging environment, such as the indoor environment. 

For solving issues identified above, here we propose the NR PRS including two groups of PRS signals: a primary PRS signal (Primary PRS, P-PRS) and a secondary PRS signal (Secondary PRS, S-PRS):
· P-PRS is similar to the legacy PRS and transmitted at a high EPRE during the configured period and time. P-PRS serves the following purposes:
· Provide reasonable NR positioning performance for the scenarios with excellent RF conditions for detecting P-PRS signals from neighboring cells. For example, if a UE is located at a location where the UE is able to detect P-PRS signals from multiple neighboring cells, the UE position may be determined;
· Serve as the accurate time and frequency source for the UE. With the detection of P-PRS signals from one or some cells, the UE will be precisely time and frequency synchronized to the cells. High-precision time and frequency synchronization is a necessary condition for the UE to subsequently perform long-term integration on the S-PRS signal in order to detect the much weaker S-PRS signal to be described in the following.
The S-PRS signal can be seen as an auxiliary positioning reference signal, which is specifically designed to improve positioning performance when the UE may have problems to detect the P-PRS signals from neighboring cells. S-PRS can be flexibly configured into the following different transmission methods:
· The S-PRS signal is configured to be ON/OFF. It can be turned on for the supporting the special need for  positioning, e.g., for indoor positioning, and/or for one or a group of UEs, e.g., for  UE subscribed to high accuracy positioning services;
· In the frequency domain, the S-PRS signal configuration is independent of the P-PRS signal configuration allocation. The bandwidth of the S-PRS may be greater than, less than, or equal to the bandwidth of the P-PRS signal. And the resource mapping manner of the S-PRS sequence to the REs in PRS RBs can be the same as, or different from the P-PRS;
· In the time domain, the S-PRS signal is placed in the downlink time slot where the P-PRS signal is not transmitted. Depending on the configuration of the S-PRS, the S-PRS signal may be transmitted on the OFDM symbols/RBs/REs without the transmission of other downlink data and signals, or the OFDM symbols/RBs/REs together in the transmission of other downlink data and signals;
· In the PRS sequence generation, the S-PRS can use the same method as the P-PRS sequence, e.g., both the P-PRS and the S-PRS are generated based on GOLD sequence, or the S-PRS can use different random sequences. Using the same sequence generation approach has the advantage of simpler design and implement. Having different random sequences has the potential for better positioning performance.
The S-PRS serves mainly the following purposes:
· Support better positioning performance. With the S-PRS signals, the UE may obtain more accurate RSTD measurements from more nearby cells through longer coherence or non-coherent integration, especially for the indoor environment;
· Balancing the PRS resources in actual OTDOA systems for supporting both regular and precise OTDOA positioning. 
· When the transmission of the S-PRS is continuously transmitted together with the signal mixing of the data communication service, and the EPRE of the S-PRS is much lower than the EPRE of the data communication service, the S-PRS signal is transmitted substantially without occupying system resources. 
· The EPRS of S-PRS can be the same as that of P-SRS when the system has resources to support the S-PRS not being mixed with DL transmission of other signals, or when the system specifically wants to improve the detectability and positioning performance of the S-PRS.
· Due to the alternating transmission of P-PRS and S-PRS signals, the PRS signal transmitted by the base station is actually continuous. Thus, it is possible for the UE to achieve continuous positioning and tracking by continuously measuring and tracking PRS signals from a plurality of neighboring cells.
Figures 2 and 3 show two configuration examples of P-PRS and S-PRS.
· Example 1 (Figure 2): In the time domain, S-PRS and P-PRS signals are transmitted continuously at different times; in the frequency domain, S-PRS is transmitted over a large bandwidth together with other DL signals for data communication; in the transmission power, S-PRS is transmitted with an EPRE much lower than that for other DL signals to avoid the interfering with data communication;
· Example 2 (Figure 3): In the time domain, S-PRS and P-PRS signals are transmitted continuously or periodically at different times; in the frequency domain, S-PRS can be transmitted in a narrower bandwidth, at the resources not used for other DL signals for data communication; in the transmission power, the EPRE of S-PRS can be the same as or even higher than that of the P-PRS. 
[image: ]
Figure 2. NR PRS Transmission Pattern (Example 1)


[image: ]
Figure 3. NR PRS Transmission Pattern (Example 2)


SNR of P-PRS and S-PRS
The Cramer-Rao lower bound (CRLB) is the lower bound that describes the maximum achievable accuracy of any unbiased estimator for a given signal-to-noise ratio (SNR). It is well known that under the assumption of AWGN channel, the CRLB of the TOA estimation  from the DL OFDM reference signal, e.g. PRS, can be expressed as follows:



where is the subcarrier spacing,  is the total number of OFDM symbols with the DL reference signals, N is the total number of subcarriers within the bandwidth, and  if there is no DL reference signal in the resource element (k,l), and  if there is DL reference signal in the resource element (k,l).

If we assume the transmission periodicity of P-PRS is  slots with the transmission duration of  OFDM symbols and the reuse factor of 6 as LTE PRS, i.e., one PRS RE for every 6 REs. The CRLB for the TOA estimation  based on P-PRS and S-PRS can be expressed approximately: 





Then, to reach the same CRLB using either P-PRS or S-PRS, we have


For example, if the M=160 slots and   symbols, to have the same target CRLB, the can be 22dB lower than the. Or, equivalently, the RF resource allocated for the transmission of the P- PRS can be reduced to half, if  with 22dB lower SNR is transmitted together with the P-PRS, for reaching the same target CRLB.

[bookmark: _Ref525326168][bookmark: _Toc525482751][bookmark: _Toc528649277][bookmark: _Toc528649525]Proposal 11. For the evaluation of NR positioning in this SI, in addition to the proposals made for the NR PRS design in [3], the PRS design with a primary PRS signal (P-PRS) and a secondary PRS signal (S-PRS) can be considered, where
1) P-PRS is configured similar to legacy PRS, i.e., transmitted with configured periodicity, duration, offset and transmission power; 
2) S-PRS is configured independently of P-PRS;
a) S-PRS signal can be configured to be ON/OFF. 
b) The transmission bandwidth of the S-PRS may be greater than, less than, or equal to the bandwidth of the P-PRS signal. 
c) The resource mapping manner of the S-PRS sequence to the REs in PRS RBs can be the same as, or different from the P-PRS;
d) S-PRS signal is transmitted in the downlink time slots where the P-PRS signal is not transmitted. 
i) S-PRS signal may be transmitted on the OFDM symbols/RBs/REs without the transmission of other downlink data and signals, or
ii) the OFDM symbols/RBs/REs together in the transmission of other downlink data and signals;
e) S-PRS sequence generation method can be the same as, or different from P-PRS sequence;
f) S-PRS EPRE can be configured to be lower than, equal to, or larger than P-PRS EPRE;
g) For supporting multibeam PRS transmission, the association of the P-PRS beams and S-PRS beams can be configured:
i) The number of P-PRS beams and the number of S-PRS beams can be the same or different; 
ii) One P-PRS may be associated with one or more S-PRS, and one S-PRS may be associated with one or more P-PRS;
iii) The transmission direction and beam widths of the associated P-PRS and S-PRS beams can be the same or different;
iv) The associated P-PRS and S-PRS can be configured to have or not have Quasi-co-location (QCL) relationship, and if having QCL relationship, what are the QCL relationship (e.g., 'QCL-TypeA' : {Doppler shift, Doppler spread, average delay, delay spread} , 'QCL-TypeD': {Spatial Rx parameter}, etc.)
OTDOA with carrier phase measurements
3GPP TS 22.261 has defined the performance requirements for horizontal and vertical positioning service levels. Depending on the service level, the horizontal accuracy varies from 10m (95% availability) with 1s latency in level 1 to 0.3m (99.9 % availability) with 15ms latency in level 6. However, the current 3GPP RAT-dependent positioning approaches, including OTDOA, ECID, UTDOA, are difficult to support such the requirements even for level 1 according to the evaluation results shown in 3GPP TR 36.855 and  3GPP 37.857, let alone the requirements for level 6. Therefore, innovative positioning methods need to be considered for NR positioning systems.
In this contribution, we are going to discuss the OTDOA positioning with RAT-dependent carrier phase positioning based on NR signals, which has the potential to support sub-meter-level or even centimeter-level positioning accuracy UE. Figure 4 illustrates the basic idea of the UE positioning system with the carrier phase measurements based on NR signals. In the system, the network transmits continuous reference signals as carrier phase positioning reference signals (C-PRS) to support UE to obtain the carrier phase measurements from NR reference signals. C-PRS can be a pure carrier wave of sinusoidal signals at a pre-configured or pre-defined carrier frequency (C-PRS modulated with random sequences can also be considered, but not discussed here). The carrier frequencies of the neighboring cells for transmitting the C-PRS will be cell dependent. Since C-PRS are pure sinusoidal signals, and the bandwidth of C-PRS are very small, depending only by the impairment of BS RF transmitter. Thus, the subcarrier spacing ( between C-PRS signals from different cells can be very smaller, much smaller than the subcarrier spacing for data communication ( . In addition, the transmission of the transmission of the C-PRS can be carried out at the edge of the carrier or the guard-band of the carrier as shown in Figure 5(a) without causing inter-channel interferences to neighbouring carriers, as shown in Figure 5(b).
In comparison with GNSS, supporting carrier phase measurements in cellular systems may have distinguished advantages: a) unlike GNSS satellites, wireless cells are in general fixed on the ground; b) wireless signals are normally much stronger than GNSS signals, and c) wireless signals are available for a UE whenever a UE is in connected states. 

[image: ]
[bookmark: _Ref525409496][bookmark: _Ref525409472]Figure 4. Illustration of UE carrier phase positioning

[image: ]
[bookmark: _Ref525409841]Figure 5. The subcarriers for transmission and the spectrum of the C-PRS 
To support carrier phase measurements, UE needs to implement carrier phase lock loop (PLL) in order to precisely synchronize the receiver local oscillator to the incoming carrier. The fundamentals of traditional PLL are very well-known thanks to the widespread use of PLLs in communications and navigation receivers. The purpose of the PPL is to generate an estimate of the phase of the received C-PRS. It does this by internally generating a replica of the measured signal at the antenna and synchronizing the phase of this replica with that of the measured signal. The phase of the internal replica is the output of the PLL. A traditional PLL is composed of three basic constituent blocks: a phase detector, which is in charge of providing output measurements that, on average, are proportional to the carrier error to be compensated; a loop filter, which is nothing but a very narrow low-pass filter that smoothes the variability caused by thermal noise at the phase detector output; and finally, a numerically-controlled oscillator (NCO), in digital implementations, or a voltage-controlled oscillator (VCO), in analog ones, for generating the local carrier replica based on the corrections imposed by the loop filter output. To ensure the performance for carrier phase measurements, more advanced tracking loop architectures can be used to provide more robust solutions for carrier phase measurements. 
Once the PLL is locked to the incoming C-PRS signal, the carrier phase observation  at time k from the C-PRS of Cell i can be expressed as follows:

where  is the distance from the UE to cell i;  is the wavelength of the C-PRS,  is an unknown integer to be solved during positioning calculation; and  the measurement errors. 
After the UE makes the carrier phase measurements by monitoring the C-PRS from the neighboring cells, the UE will report them to the location server together with other positioning measurements (e.g., RSTD), where the carrier phase measurements will be used for high-accuracy positioning. 
[image: ]

Figure 6. Carrier phase measurements and integer ambiguity 

The benefits of supporting NR-based carrier phase positioning include:
· Change of distance (and relative velocity) between the vehicle and the base station may be determined with cm-accuracy without the need to solve the integer ambiguity
· The distance between the vehicle and the base station can be estimated with cm-accuracy if the integer ambiguity is solved
· UE location and velocity can be estimated with cm-accuracy once the UE PLL locks simultaneously three or more cells
· Carrier phase measurements can be used for improving code phase measurements even before integer ambiguity is solved. 
There are also challenges for supporting NR-based carrier phase positioning:
· The cell needs to transmit C-PRS which may have an impact on resource usage efficiency
· One option is to transmit sinusoidal signals at the edge of a carrier or even in guard band. Pure sinusoidal signals should have very small or even no inter-carrier interference
· UE needs to implement carrier phase lock loop for tracking C-PRS in order to provide the carrier phase measurements
· The location server is required to implement to the proper algorithm to solve the integer ambiguity in carrier phase measurements

[bookmark: _Toc525482752][bookmark: _Toc528649278][bookmark: _Toc528649526]Proposal 12. For the evaluation of NR positioning in this SI, the carrier phase positioning based on the carrier phase measurements from the NR signals should be considered.

UTDOA
Uplink Time Difference of Arrival (UTDOA) is a network-based positioning technology introduced by 3GPP in LTE Release 11. In UTDOA, the Location Measurement Unit (LMU) measures the uplink signals, i.e., the Sounding Reference Signal (SRS), from the UE to obtain the uplink relative time of arrival (UR-TOA) measurements. The UL RTOA will be used in location server to calculate the UE location. An LMU may be an embedded unit in a base station, or a standalone unit sharing the same antenna with a base station or having its own antenna. 
In NR, SRS is also designed for the data communication. In comparison with LTE SRS, NR SRS supports more flexible configurations, and thus, NR SRS can also be used for supporting UTDOA positioning. 

[image: ]
[bookmark: _Ref525415272]Figure 7. Illustration of UTDOA positioning
UL hearability is the key issue associated with the UTDOA positioning due to mainly the power limitation of the UE, which is highly related with the evaluation scenarios and the UE location. For example, if a UE (e.g., UE1 in Figure 7) is located close to a cell, the SRS transmitted from the UE may not be detectable from other cells. Another issue associated with UTDOA is when two UEs from the same or different cells are assigned with the same RF resources for the SRS transmission. Then, a cell may not be able to detect the SRS from the UE located far away from the cell, if there is a strong interference from a UE located near the cell due to the strong interferences. The performance of the UTDOA positioning may also be impacted by many factors, such as the SRS transmission carrier frequency, transmission bandwidth, and subcarrier spacing, the transmission periodicity, transmission power, etc.
For an urban environment with small cells, however, UTDOA positioning may have its special advantaged where UE power limitation may not be the main issue due to the density of the neighboring TPs. In addition, from the UE point of view, there is no need to implement the special design in order to support UTDOA since UTDOA is based on the SRS signals, that NR UE already supports. 

[bookmark: _Toc525482753][bookmark: _Toc528649279][bookmark: _Toc528649527]Proposal 13. The SI should include the evaluation of NR positioning performance based on UTDOA techniques. 

NR-based hybrid solutions
There are many hybrid solutions for UE positioning. In this section, our discussion will focus on RAT-dependent hybrid solutions, i.e., the hybrid solutions based on the NR UL/DL reference signals.
Hybrid solutions based on NR DL signals
OTDOA and UTDOA are based on the timing difference measurements only, i.e., measurement directly associated with the range or range difference from the UE to the cells. OTDOA/UTDOA do not take advantages of other measurements from NR DL/UL signals that can also provide the information of the UE location, such as the orientation measurements (e.g., angle of departure/arrival (AOA/AOD)), the power strength of the received reference signals etc.
AOA/AOD measurements
Positioning with AOA/AOD measurements will become very important for NR, especially in high-frequency bands with massive MIMO, where beamforming improves significantly the AOA and AOD accuracy in comparison with LTE. For example, in FR2, the maximum number of beams supported is 64 for SSB. So, we can expect the azimuth accuracy that can be provided in NR system will be better than 1/64*360= 5.5degree, which when converted to the range is less than 10m if we assume the cell radius is 100m. 
[image: ]
Figure 8. Illustration of AOA/AOD positioning
Signal Strength Measurements
The measurements of the measured signal strength of the downlink reference signals strength, such as RSRP, can also be used for supporting NR positioning. The information may also be very useful for deriving the UE locations, especially for small cell and high-carrier frequency range. For example, in the UMa mode, the relation of the path loss and the 3D distance from the UE and TP is  when m, which implies that from the measurement of the RSRP, we may estimate the distance from the UE to the TP based on the path-loss model and antenna gains. If we assume the RSRP measurement error is within 3dB, which is the minimum performance for LTE, the distance estimation uncertainty is also about 10meter if we assume the cell radius of 100meter.  
Hybrid solution based on NR DL reference signals
Given that RSTD, AOA/AOD, RSRP measurements from NR DL reference signals all have the potential to provide useful positioning, one may consider combining these measurements together to estimate the UE location. Some of these measurements may be redundant. The redundant information may provide the opportunity to solve or mitigate with the multipath problem during UE positioning, especially for indoor scenarios, as shown in Figure 9. It can be expected that the hybrid solution based on all the measurements from the NR DL reference signals will outperform the positioning performance of OTDOA. 

[image: ]
[bookmark: _Ref525479800]Figure 9. Illustration of hybrid positioning based on NR downlink reference signals
Hybrid solution based on NR UL reference signals
Similar with the hybrid solution based on the measurements from the NR DL reference signals, one may have hybrid solution combining the measurements from the NR UL reference signals, namely UL RTDOA, AOA/AOD, the signal strength of SRS measured from NR UL reference signals together to estimate the UE location. It can be expected that the hybrid solution based on all the measurements from the NR UL reference signals will outperform the positioning performance of UTDOA. 
Hybrid solution based on NR DL/UL reference signals
Hybrid solutions based on NR DL reference signals and based on NR UL reference signals have their own merits. For example, the same NR DL reference signals can provide the supports to all UEs in the service area, the same measurements are expected regardless how many UEs have simultaneously received the DL reference signals for positioning. In another word, hybrid solutions based on NR DL reference signals has excellent scalability. On the other hand, the same amount of DL resources will be spent when there are only 1 or a few UEs requesting the positioning service. In addition, the orientation estimation from UE based on the received DL reference signals or from TP based on the transmission beam will in general not as good as the orientation estimation from TP based on the received UL reference signals from the UE. Therefore, one may also develop a hybrid solution based on the measurements from both DL/UL reference signals. 
[bookmark: _Toc525482754][bookmark: _Toc528649280][bookmark: _Toc528649528]Proposal 14. The SI should include the evaluation of NR positioning performance of hybrid positioning techniques based on the measurements from DL reference signals, or UL reference signals, or both DL/UL reference signals.
Conclusion
In this contribution, we discussed the potential solutions of positioning technologies with the focus on NR-based RAT dependent positioning solutions. The following proposals are made after the discussion (Note: Detailed discussion of Proposals 1 - 10 are presented in the companion paper [6]):

Proposal 1. For the evaluation of NR positioning, different PRS subcarrier spacings Δf_PRS=15⋅2^μ kHz (μ=0,1,2,3,4) should be considered.
Proposal 2. For the evaluation of NR positioning, a single antenna port is used for NR PRS transmission.
Proposal 3. For the evaluation of NR positioning, different PRS RE density per PRS RB should be considered.
Proposal 4. For the evaluation of NR positioning, the PRS sequences generated based on length-31 Gold sequences should be considered.
Proposal 5.  The initialization of the random sequences for PRS generation should depend, at least, on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.
Proposal 6. For the evaluation of NR positioning, the PRS sequences generated based on Kasami sequences can be considered.
Proposal 7.  For the evaluation of NR positioning, NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers, and avoid the scenario that there are no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion.
Proposal 8.  For the evaluation of NR positioning, NR PRS also needs to consider the design of multi-beam PRS transmission with the unified approach for both TDD and FDD systems and for both FR1 and FR2.
Proposal 9.  For the evaluation of NR positioning for supporting multibeam transmission of the PRS signals, NR PRS mapping in time domain should consider: a) the concept of PRS block and PRS block set; b) the mapping of the OFDM symbols in a PRS block and the mapping pattern of the PRS blocks in aPRS block set (a PRS occasion); and c) the transmission period and transmission offset of the PRS block set (a PRS occasion).
Proposal 10. For the evaluation of NR positioning for supporting the multibeam transmission of the PRS signals, The PRS muting patterns should be considered that take the multibeam transmission of the PRS signals into consideration.
Proposal 11. For the evaluation of NR positioning in this SI, in addition to the proposals made for the NR PRS design in [3], the PRS design with a primary PRS signal (P-PRS) and a secondary PRS signal (S-PRS) can be considered, where
1) P-PRS is configured similar to legacy PRS, i.e., transmitted with configured periodicity, duration, offset and transmission power; 
2) S-PRS is configured independently of P-PRS;
a) S-PRS signal can be configured to be ON/OFF. 
b) The transmission bandwidth of the S-PRS may be greater than, less than, or equal to the bandwidth of the P-PRS signal. 
c) The resource mapping manner of the S-PRS sequence to the REs in PRS RBs can be the same as, or different from the P-PRS;
d) S-PRS signal is transmitted in the downlink time slots where the P-PRS signal is not transmitted. 
i) S-PRS signal may be transmitted on the OFDM symbols/RBs/REs without the transmission of other downlink data and signals, or
ii) the OFDM symbols/RBs/REs together in the transmission of other downlink data and signals;
e) S-PRS sequence generation method can be the same as, or different from P-PRS sequence;
f) S-PRS EPRE can be configured to be lower than, equal to, or larger than P-PRS EPRE;
g) For supporting multibeam PRS transmission, the association of the P-PRS beams and S-PRS beams can be configured:
i) The number of P-PRS beams and the number of S-PRS beams can be the same or different; 
ii) One P-PRS may be associated with one or more S-PRS, and one S-PRS may be associated with one or more P-PRS;
iii) The transmission direction and beam widths of the associated P-PRS and S-PRS beams can be the same or different;
iv) The associated P-PRS and S-PRS can be configured to have or not have Quasi-co-location (QCL) relationship, and if having QCL relationship, what are the QCL relationship (e.g., 'QCL-TypeA' : {Doppler shift, Doppler spread, average delay, delay spread} , 'QCL-TypeD': {Spatial Rx parameter}, etc.)
Proposal 12. For the evaluation of NR positioning in this SI, the carrier phase positioning based on the carrier phase measurements from the NR signals should be considered.
Proposal 13. The SI should include the evaluation of NR positioning performance based on UTDOA techniques.
Proposal 14. The SI should include the evaluation of NR positioning performance of hybrid positioning techniques based on the measurements from DL reference signals, or UL reference signals, or both DL/UL reference signals.
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