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Introduction
In 3GPP #94bis meeting, the following agreement was made for the potential RAT dependent techniques for NR positioning [1].
	Agreement:
The RAT dependent solutions considered for study include
· Downlink based solutions
· Downlink and uplink based solutions
· Uplink based solutions


In this contribution, we reveal our views on the potential techniques for NR positioning especially for RAT-dependent schemes. We firstly discuss how to update/advance the classical methods such as OTDOA (Observed Time Difference Of Arrival), ECID (Enhanced Cell-ID), and UTDOA (Uplink Time Difference Of Arrival) for NR system, and then discuss the usefulness of utilizing phase difference information to improve positioning performance.

Discussion on Evolution Techniques 
OTDOA
UE detection complexity
OTDOA is a downlink positioning technique in which the target UE measures ToA (Time of Arrival) of the positioning reference signals (PRS) transmitted from the reference cell and neighbour cells, and reports the reference signal time differences (RSTDs), which are used to find location of the UE. Theoretically, the positioning accuracy by OTDOA can be improved as the frequency bandwidth resources and/or the number of RSTD measurements increase if the transmission time between TPs/gNBs is completely synchronized. In NR system, wide signal bandwidth is supported both in below 6 GHz and above 6 GHz and hence, OTDOA method has a potential to provide considerably accurate positioning performance in NR system. However, even though the available frequency resource is enough, there are still several technical limitations, and one of the critical issues which can be addressed by RAN1 is high complexity problem at the UE for cross-correlation computation for the wide-band PRS signals since the complexity for cross-correlation computation depends on at least . The complexity issue is also included in the current NR positioning SI scope. Thus, for providing high positioning accuracy with wide bandwidth we would need to study on the computational complexity reduction required to measure RSTDs for the wide bandwidth PRS signals transmitted from a lot of gNB(s)/TP(s). 
Proposal 1: 
· For wide bandwidth based OTDOA operation, NR should consider the limited UE complexity.

As an approach, sharing a common PRS sequence between different gNBs/TPs could be considered. More specifically, if multiple gNBs/TPs share a common PRS sequence and they transmit the PRS at the same time, then the target UE is able to measure ToAs from those TPs through a single cross-correlation operation for the corresponding single PRS sequence. If the target UE is able to discriminate each ToA and its corresponding TP, it would be the best. However, even if it is difficult to distinguish multiple TPs from the received common PRS, the UE would be able to roughly derive ToA/RSTD measurements for those TPs. These rough measurement values could be usefully utilized to reduce the computational complexity perspective for the target UE and/or LMF (location management function [2]).
As an example, the target UEs could be able to adjust the size of initially configured search window for cross-correlation operation by measuring ToA(s) from the transmitted common PRS at the same time. The size of the initially configured search window is unavoidably large unless a priori information of the target UEs is known to gNB and/or location server, but the UEs can reduce the size of search window based on the TOA(s)/RSTD(s) measurement values with the common PRS. Then the UEs can make use of the adjusted search window to compute cross-correlation for the PRS transmitted with an independent sequence. From the perspective of the computational complexity performance of UE(s), the impact of the suggested way would not be negligible, since the burden of the cross-correlation computation in NR system could be quite high compared to LTE. Firstly, the number of measurements to be obtained such as ToA(s)/RSTD(s) of NR would be greater than those of LTE system since the multiple PRS would be transmitted with multiple TX beams even in a single TP/gNB, and furthermore the ToA/RSTD value would be different according to RX beam sweeping. Secondly, it is highly probable that NR system supports the wide bandwidth for PRS transmission for high accuracy positioning performance.
Proposal 2: 
· NR should consider a common PRS transmission from multiple TPs/gNBs for OTDOA positioning method especially for the computational complexity perspective.

Different UE capability and service requirement
NR OTDOA should support both the narrow bandwidth target such as 5 MHz as captured in Section 1 and wide bandwidth target also, which implies that NR OTDOA technique should support the various types of UE capability and also support the improved positioning performance regardless of UE capability ideally. For this purpose, technical solution development is quite important to improve the positioning accuracy by overcoming several practical limitations of the UE capability such as processing ability, battery lifetime, and so forth.
Intuitively, we can simply consider the low-end UEs that are only capable of processing the narrow bandwidth PRS. As an intuitive approach to support the better positioning accuracy for these UEs, we can consider an introduction of separate PRS configuration dedicated for the narrow-band only UEs. Also, a common PRS configuration could be considered, but several features useful for the low-end devices need to be reflected in the common PRS design. For the UEs that are capable of processing wide bandwidth PRS, it would be crucial for providing not only the high accuracy positioning but also low computational complexity for preserving battery lifetime. In addition, we also need to take account of different requirements of the positioning accuracy levels with the UE capability. For example, even if the high-end UEs can make use of the wide bandwidth PRS, OTDOA positioning with the wide bandwidth PRS may lead to the unnecessary increase of the complexity burden if only low level positioning accuracy performance is enough to satisfy the requirements such as E911.
As a technical approach, we suggest a study on potential advantages of a joint utilization of both the low sampling rate and high sampling rate based OTDOA method. For example, the PRS measurement values obtained through the low sampling rate could be employed as a priori information useful for both the target UE and gNB/LMF before the high sampling rate based OTDOA operation to reduce the computational complexity and/or improve RSTD measurement/reporting accuracy, and so forth.
Proposal 3: 
· For NR OTDOA based positioning, need to study on finding the appropriate solutions for the improvement of the positioning accuracy in consideration of the UE capability such as processing capability and/or battery lifetime. 
Proposal 4: 
· For the UEs that are capable of accessing wide bandwidth PRS, need to study on the potential advantages of the joint utilization method of different sampling rate based OTDOA. As a starting point, RSTD measurement/reporting mechanism could be explored for the complexity reduction and accuracy improvement from the joint utilization of the low and high sampling rate based OTDOA.

Network synchronization error
It should be noted that, as a well-known problem for OTDOA positioning, even if the large frequency resource and a lot of RSTD measurements could be provided, the positioning accuracy performance by OTDOA is quite limited if the PRS transmission time between different gNBs/TPs are not synchronized enough. Therefore, the time synchronization issue also needs to be addressed.
Proposal 5: 
· The positioning accuracy performance by OTDOA should be studied based on the assumption of network synchronization error. 

PRS design
In addition, NR PRS design should take account of the narrow beam characteristic of NR system and the beam sweeping capability of either or both of gNB(s)/TP(s) and UE(s). In LTE system, it might be enough to allocate a single PRS ID configuration to each TP which transmits the PRS with a cell-specific common beam. In NR system, however, the measurement values obtained through PRS such as RSRP, RSTD and ToA could be different depending on the transmitted beam directions even in the same gNP/TP, and hence it might be reasonable that the target UE should be able to discriminate the PRSs transmitted from a single gNB/TP with different beam directions as well as the PRSs transmitted from different gNBs/TPs.
Proposal 6: 
· NR PRS design should take account of the narrow beam characteristic of NR system and the beam sweeping capability of either or both of gNB(s)/TP(s) and UE(s).
 
For this purpose, multiple PRS configurations for the UE associated with a single TP/gNB could be considered where a single PRS configuration can be mapped to each PRS transmission beam of the gNB/TP. Also, similar to LTE, NR PRS would be also transmitted in the form of a block structure which is defined as “PRS occasion” in LTE. In NR, however, PRS occasion should be designed considering the TX/RX beam sweeping operation in time-domain. Regarding the design of NR PRS occasion, some design factors need to be carefully considered. For a systematic design of NR PRS occasion, the PRS occasion could be simply composed of the N times repeated structure of a “single PRS block” in consideration of N (times) RX beam sweeping of the UEs, which is depicted in Figure 1.
[image: ]
[bookmark: _Ref528837510]Figure 1. An illustrative example of NR PRS occasion which is shown as a repeated structure of a pattern denoted by PRS block.

Then, the PRS block could be designed without considering the RX beam sweeping of the UE(s). More specifically, the following aspects need to be considered to design the PRS block.
· A PRS block should be designed with the required TX beam sweeping for the PRS transmission of the gNB(s)/TP(s) that simultaneously transmit PRS within the PRS block.
· In consideration of overall TPs/gNBs that simultaneously transmit PRS in a PRS block, all frequency subcarrier REs within a PRS block should be fully used, i.e., full reuse of frequency resources.
· A PRS transmitted through a single TX beam from a gNB/TP should occupy overall frequency REs in the RBs configured with the PRS.
For the multiple PRS configurations associated with a single TP/gNB, PRS could be configured that a single PRS resource for a single TX PRS beam of the TP/gNB similar to CSI-RS/SRS configuration in NR. As an intuitive example, let us consider three TPs which simultaneously transmit PRS within a PRS block and TX beam sweeping periodicity of those TPs is two. For this case, two PRS resources can be respectively configured for two TX beams of a TP, and the time-frequency RE pattern satisfying the design constraints described above is depicted in the left-side of Figure 2 (denoted by (a)).
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[bookmark: _Ref528781471]Figure 2. An illustrative example of PRS block structure.
As a baseline of PRS occasion design from the above simple example, we can consider that the number of PRS TX (sweeping) beams in a PRS block is the same between the TPs/gNBs and let us assume that the number of TPs/gNBs which transmit PRS simultaneously in the same PRS occasion is “K”. Then, the frequency RE density satisfying the PRS design consideration points mentioned above can be simply determined as 12/K, and the time duration of the PRS block is determined by  where M denotes the number of TX (sweeping) beams.
Proposal 7: 
· NR PRS occasion is a repeated structure of a PRS block which is composed of multiple PRS resource(s) considering the TX beam sweeping periodicity for PRS transmission of the gNBs/TPs that simultaneously transmit PRS within the PRS block.

[bookmark: _GoBack]Also, we need to further study the detailed design principle to support flexible configuration of PRS and also need to study the way of PRS resource configuration such as cell-specific or UE-group specific way, since the time duration of a PRS occasion could be unnecessarily increased according to the RX beam sweeping operation of the certain UEs, even though the hearability for the PRS TX beam(s) could not be enough for PRS detection regardless of RX beam direction for the certain UE(s). Furthermore, we need to study how to effectively utilize the multiple panels of the gNB/TP for PRS transmission with a careful consideration of the hearability according to the TX/RX beam direction and the distance between target UEs and TPs/gNBs.

ECID
Multiple beam Measurement
ECID is a positioning technique based on cell ID information and the measurements obtained from UE(s) and/or gNB such as RSRP, RSRQ, RX-TX time difference, etc. For downlink ECID in NR system, LMF would be possible to take advantages of the information for TX beam directions and their strength with the information of physical cell ID and cell portion ID for more accurate estimation of the target UE’s location. Intuitively, CSI-RS configured for L1-RSRP measurement and/or SS/PBCH block could be considered to make use of the beam information. For example, if angle of departure information of CSI-RS resource and/or SS/PBCH block resource corresponding to the maximum RSRP could be available for LMF, the location of the target UE could be more effectively estimated.
Proposal 8: 
· Need to study on the potential advantages of the utilization of the multiple beam measurement information to improve the positioning accuracy of NR ECID.

UTDOA
Uplink signal transmission and UL Beam Sweeping
UTDOA is an uplink positioning method. For the estimate of a target UE location, this technique employs the time difference of arrival (TDOA) at multiple location measurement units (e.g., gNBs/TRPs) for a transmitted uplink reference signals such as SRS (sounding reference signals). In contrast with LTE system, transmission beam(s) of a NR UE would not be omnidirectional at least for FR2, and the number of UE TX beams available for the simultaneous transmission would be limited. Thus, the target UE(s) would be required to transmit signals for UTDOA positioning while changing the transmission beam according to symbol(s) so that the multiple location measurement units can measure time of arrival (TOA). As a baseline, therefore, it is desirable to fully make use of the current NR SRS since the NR SRS is elaborately designed with consideration of the beam sweeping operation. Then, we will may find some required features if the current NR SRS is not enough to support UTDOA operation effectively.
Proposal 9: 
· Need to study on the potential advantages of the current NR SRS for NR UTDOA positioning.

Discussion on Advanced Technique
Two way ranging 
The positioning accuracy of technique of measuring timing difference from multiple fixed nodes such as OTDOA or UTDOA can be affected by synchronization error between the multiple fixed nodes. A positioning technique that is not affected by network synchronization needs to be further studied. As an example, two way ranging between gNB and a UE can be considered. Device A (initiation device) transmits initiation signal and device B (responding device) transmits response signal, then device A can calculate round trip time or distance between device A and B based on response signal. Device A can be gNB so gNB can initiate two way ranging process but reverse operation (UE initiation) can be considered as well. In this two way ranging, the position of a UE can be estimated through distance measurement with single gNB and angle (AoD / AoA) detection, or multi-lateration based on ranging between the UE and multiple gNBs. On the two way ranging process, device B may have a restriction on the determination of transmission time of the response signal. For example, the OFDM symbol boundary is already determined by the synchronization procedure. Therefore, it is necessary to transmit information about the gap between initiation signal arrival time and response signal transmission time. This can be sent as a separate message, or a reference signal with some delay or a phase rotation in frequency domain. In addition, resource coordination, reference signal design, and procedure for two way ranging can be further studied.
Proposal 10: 
· Need to study on two way ranging in NR positioning  

Utilization of phase difference information 
In general, measuring the location of a UE is relevant to measuring received timing between multiple fixed nodes and the UE. For this measurement, the time domain correlation of the known sequence such as PRS to the received signal can be performed and the peak point can be taken to measure the timing delay. However, this method has a disadvantage in that timing delay measurement performance can be limited by sampling frequency or signal bandwidth and wideband known signal needs to be used to achieve higher positioning accuracy. Measuring the phase difference between multiple tone(s) in the frequency domain when a known signal is received can be used for the continuous domain measurement of the delay. This method is known as phase difference of arrival (PDoA). For reference, PDoA is used for NPRACH signal detection [3] or RFID based ranging [4]. Theoretically, PDoA can accurately measure the propagation delay even if only two tones are used, and estimate accurate timing without limitation of sampling frequency. Especially when SNR is high, more precise timing estimation can be performed because PDoA is not influenced by sampling frequency. Fig. 1 depicts preliminary evaluation results of the ranging error performance comparison between ToA and PDoA in AWGN. The performance of ToA is saturated in high SNR due to sampling frequency but PDoA does not. Note that interpolation between sampling times in ToA can mitigate performance degradation in high SNR, but in this case, the implementation complexity of PDoA may be significantly lower than those of ToA. PDoA can also be effective in resource utilization because it uses less frequency resources than conventional wideband signal based method. However, the phase difference is prone to 2π phase ambiguity, which may cause ambiguity in the timing estimation. To avoid the 2π phase ambiguity, flexible and muilti-tone reference signal configuration can be further studied. In addition, since the performance of PDoA may be degraded in frequency selective channel, reference signal design and detection algorithm can be further studied. 
Proposal 11: 
· Need to study on the potential advantages through the utilization of phase difference information in NR positioning.

[image: cid:image001.png@01D3646D.08511220]
Fig. 1 Performance comparison of dual tone PDOA and ToA in AWGN. (ToA assumes 20MHz BW LTE PRS and time domain correlation is taken with 30.72MHz sampling rate. PDoA assumes the use of two tones with 300 kHz spacing. Tx-Rx distance is randomly chosen 0~500 meter.) 


Conclusion
In this contribution, we reveal our views on NR positioning, and summarize our proposals as follows:

Evolution Techniques (OTDOA, ECID, UTDOA)
Proposal 1: 
· For wide bandwidth based OTDOA operation, NR should consider the limited UE complexity.
Proposal 2: 
· NR should consider a common PRS transmission from multiple TPs/gNBs for OTDOA positioning method especially for the computational complexity perspective.
Proposal 3: 
· For NR OTDOA based positioning, need to study on finding the appropriate solutions for the improvement of the positioning accuracy in consideration of the UE capability such as processing capability and/or battery lifetime. 
Proposal 4: 
· For the UEs that are capable of accessing wide bandwidth PRS, need to study on the potential advantages of the joint utilization method of different sampling rate based OTDOA. As a starting point, RSTD measurement/reporting mechanism could be explored for the complexity reduction and accuracy improvement from the joint utilization of the low and high sampling rate based OTDOA.
Proposal 5: 
· The positioning accuracy performance by OTDOA should be studied based on the assumption of network synchronization error. 
Proposal 6: 
· NR PRS design should take account of the narrow beam characteristic of NR system and the beam sweeping capability of either or both of gNB(s)/TP(s) and UE(s).
Proposal 7: 
· NR PRS occasion is a repeated structure of a PRS block which is composed of multiple PRS resource(s) considering the TX beam sweeping periodicity for PRS transmission of the gNBs/TPs that simultaneously transmit PRS within the PRS block.
Proposal 8: 
· Need to study on the potential advantages of the utilization of the multiple beam measurement information to improve the positioning accuracy of NR ECID.
Proposal 9: 
· Need to study on the potential advantages of the current NR SRS for NR UTDOA positioning.

Advanced Technique
Proposal 10: 
· Need to study on two way ranging in NR positioning  
Proposal 11: 
· Need to study on the potential advantages through the utilization of phase difference information in NR positioning.
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