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Introduction
In 3GPP NR Ad-Hoc 1901 meeting, the following agreements were made for potential techniques for NR positioning [1].
	Agreement:
· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques

Agreement:
Enhancements to performance obtainable based on existing NR DL reference signals (e.g., based on extensions to current reference signals or with new reference signals) are necessary to meet accuracy requirements at least in some scenarios

Agreement:
NR DL PRS design for FR1 and FR2 supports:
Configurable NR DL PRS signal bandwidth
· FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
Configurable NR DL PRS signal numerology (SCS)
· FFS configurability of CP for NR DL PRS
Configurable NR DL PRS frequency and time allocation
Use of DL beam sweeping / alignment
· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signaling details
Dedicated NR DL PRS resources - time-frequency grid at resource block level 
· PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
· e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
· There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
· FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded
· FFS interference randomization techniques across PRS signals
FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control
· FFS which physical channel/signals can share resources with NR DL PRS
· FFS interference randomization techniques for PRS transmission with other signals

Agreement:
For NR DL PRS resource design:
One antenna port is supported.
· FFS: configurable number of antenna ports (more than one) in addition to support of a single port
Agreement:
A PRS resource should have a PRS resource ID and a PRS sequence should have a PRS sequence ID 
Agreement:
NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is FFS.
· In any OFDM symbol, PRS resource occupies consecutive PRBs
· FFS if multiple symbols can be non-consecutive
· FFS on PRS Resource Set
FFS: whether support of PRS frequency hopping is needed
Agreement:
NR supports RSTD measurements for NR DL PRS
· FFS: RSTD b/w different configured PRS resources, beams, TRPs, cells, etc.
NR supports RSRP measurement for NR DL PRS
FFS if NR supports RSTD measurement quality metric for NR DL PRS
FFS other measurements



In this contribution, we reveal our views on the potential techniques for NR positioning especially for DL (Downlink) only based RAT-dependent techniques based on the agreements. We firstly discuss several DL only based positioning methods such as OTDOA (Observed Time Difference Of Arrival), AoD (Angle of Departure) based technique, ECID (Enhanced Cell-ID), and then describe the usefulness of the phase difference based techniques. Also, PRS design issue, measurement and reporting for DL only based positioning are discussed.

Discussion on DL only based Techniques 
OTDOA
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 a location of the target UE. Theoretically, the positioning accuracy by OTDOA is improved as the frequency bandwidth resources and/or the number of RSTD measurements increase in case that the PRS transmission time between gNBs/TPs is completely synchronized. In NR system, wide signal bandwidth is supported both in the below and above 6 GHz, and enough ToA/RSTD measurements could be probably obtained from many TPs such as small cells and hence, the OTDOA technique has a potential to provide considerably accurate positioning performance in NR system. 
However, even though the OTDOA technique has a great potential, there are still several practical limitations that need to be addressed. In this section, we discuss the UE complexity issue, network synchronization error resulting in an accuracy degradation, and also discuss how to overcome bandwidth limitations for high accuracy positioning.

UE detection complexity
One of the critical issues which could be addressed by RAN1 is the high complexity problem of the UE since it is closely related to the battery lifetime and limited processing capability of UE(s). The main complexity for using the OTDOA technique is the amount of the cross-correlation computations to obtain measurements such as ToA/RSTD. More specifically, in consideration of the TX/RX beam sweeping behaviour in NR system, the required number of the cross-correlation computations even for a single gNB/TP would be increased since the multiple PRSs would be transmitted with multiple TX beams from the gNB/TP. Also, the ToA/RSTD measurements would be different according to the RX beam sweeping, which implies that multiple cross-correlation computations might be unavoidable to determine a ToA/RSTD for reporting even for a single gNB/TP which was possible in LTE system. In addition, for the high accuracy positioning performance, it is unavoidable to make use of large PRS signal bandwidth and many ToA/RSTD measurements from gNBs /TPs.
Therefore, it is truly demanded that NR should study on the computational complexity reduction for the wide bandwidth PRS signals transmitted from a lot of gNB(s)/TP(s), and this complexity issue is in scope of the current NR positioning study item.
Observation 1: 
· For NR OTDOA based positioning, NR positioning should consider the complexity reduction for the cross-correlation computation for the following reasons.
· Number of ToA/RSTD measurements would be quite large even for a single gNB/TP in NR due to the TX/RX beam sweeping operation.
· Wideband based PRS is highly demanded for high accuracy positioning which is also requires high complexity.

For a single PRS transmission/reception, the computational complexity for the cross-correlation computation is proportional to the product of the PRS signal bandwidth and the search window size. From a practical point of view, it is unavoidable to make use of large bandwidth resource(s) and many ToA/RSTD measurements from many gNBs/TPs to attain a high accuracy positioning. Furthermore the size of the initially configured search window is inevitably large unless a priori information of the target UEs is known to LMF, but priori information is difficult to be obtained before the estimation of the UE.
Firstly, a common PRS sequence transmission from multiple gNBs/TPs in a single frequency network (SFN) 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 not possible to discriminate different gNBs/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.
As an example shown in Figure 1, 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 sequence at the same time. The size of the initially configured search window would be inevitably large unless a priori information of the target UEs is known to LMF, but the UEs is able to adjust 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. 
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[bookmark: _Ref534724376]Figure 1. An illustrative example for the search window adjustment using the common PRS sequence.

Based on this principle, two step PRS transmission could be readily considered for the OTDOA technique with low complexity, where the first step is to transmit the common PRS sequence from multiple gNBs/TPs and the second step is to transmit the independent PRS sequence transmission from each TP. In particular, it would be reasonable to use the limited time and/or frequency resources for the common PRS transmission in the first step since its main objective is to adjust the search window for the low cross-correlation computation complexity while receiving the independent PRS sequences transmitted from all of gNBs/TPs through wideband for high accuracy performance. Furthermore, multiple common PRS sequences can be used by multiple groups where each group consists of multiple gNBs/TPs.
Proposal 1: 
· NR should consider the simultaneous transmission of the common PRS sequence from multiple gNBs/TPs for the OTDOA positioning technique especially for the computational complexity perspective.

Secondly, as another SFN based approach, a common PRS sequence applied with intentional time-domain delays could be used to detect TOA(s) from multiple gNBs/TPs through single cross-correlation computation. If multiple gNBs/TPs transmit a single common PRS sequence with different delays and those delay information can be known to the UE(s), the UE(s) can detect the ToA(s) for the PRS transmitted from each gNB/TP. For using different time-domain delay between different gNBs/TPs, cyclic shifted version of a common sequence could be considered. Similarly, we can make use of a set of cyclic-shifted orthogonal sequences to detect multiple ToAs for multiple gNBs/TPs with a single cross-correlation computation since each time-domain impulse response for the cyclic-shifted orthogonal sequence in the frequency-domain can be seen as a time-delayed version of the sequence without applying cyclic shift
Proposal 2:
· NR should consider the simultaneous transmission of the common PRS sequence from multiple gNBs/TPs with different intentional cyclic time-domain delays.

In addition, a joint utilization of both the low sampling rate and high sampling rate based OTDOA might be helpful for the complexity reduction, since the PRS measurement values obtained through the low sampling rate could be employed as a priori information 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.

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 for the high accuracy positioning performance.
Proposal 3: 
· The positioning accuracy performance by OTDOA technique should be studied based on the assumption of network synchronization error. 

Consideration on the limited bandwidth resource
NR positioning should support both the minimum bandwidth target such as 5 MHz and wide bandwidth target also, which may imply that NR OTDOA technique need to provide the improved positioning accuracy performance even in the limited bandwidth resource. For this purpose, the development of technical solutions is demanded to improve the positioning accuracy by overcoming the bandwidth resource limitation. Intuitively, positioning accuracy could be improved by attaining a lot of RSTD/ToA measurements, but there are also practical limitations such as the hearability problem from the distant neighbour cells and the increased time resource consumption. If it is too difficult to be addressed by the DL only positioning scheme, a supplementary resource allocation could be considered so that another RAT-dependent scheme can be jointly applied for some UEs who requires high accuracy positioning.
Proposal 4:
· For NR positioning, need to study the development of solutions to provide high accuracy positioning by overcoming the limited frequency resources for the narrow bandwidth system.

AoD based positioning
Multiple beam Measurement
In 3GPP NR Ad-Hoc 1901 meeting, it was agreed to support AoD (Angle of Departure) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2, which is described for more detail in Section 1. Intuitively, CSI-RS configured for L1-RSRP measurement and/or SS/PBCH block could be considered to make use of the TX beam information. AoD information of a RS resource and/or RS resource set corresponding to the maximum RSRP needs to be available to LMF in order to support the UE positioning based on AoD information of TX beam(s). For this purpose, gNB needs to send the AoD information of RS resource(s) to LMF, and the UE(s) needs to report RS resource information corresponding to the maximum RSRP to LMF.
Proposal 5:
· To support AoD based DL-only positioning technique with at least beam sweeping, need to study signalling mechanism on beam information between gNB, LMF, and UE. 
· For example, the gNB sends the AoD information of RS resource(s) to LMF, and the UE reports RS resource index corresponding to the maximum RSRP to LMF.

Hybrid DL positioning with ECID
ECID is a positioning technique based on the cell ID information and the measurements obtained from UE(s) and/or gNB such as RSRP, RSRQ, RX-TX time difference, etc. There might be some technical limitations to accurately estimate the location of the target UE by using ECID method only, but ECID could be effectively used with another DL positioning technique such as AoD based positioning and OTDOA for more accurate estimation of the target UE’s location. For example, LMF can attain the global/physical cell and/or cell-portion information of the target UE’s location by ECID technique. Then, this cell information of the target UE’s location could be used as a reference information to determine TX beam direction or TX beam sweeping range of the neighbour cell(s). As shown in Figure 2, if the gNB/cell information of the target UE’s location is known to the neighbour gNB 1, 3, and 4, then these gNB can make use of some specific TX beam(s) or determine the beam sweeping range to transmit PRS resource(s).
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[bookmark: _Ref984961]Figure 2. An illustrative example of multiple gNBs sending PRS to the target UEs that are located in gNB 2.

PDoA
PDoA method for NR positioning needs to be considered for higher measurement accuracy and/or RSTD (Reference Signal Timing Difference) signalling overhead reduction. OTDOA uses timing difference of arrival from multiple gNBs and reports back the RSTD value. The RSTD measurement is done based on the time domain correlation over the received reference signal. The RSTD resolution for reporting was enhanced from 1*Ts to 0.5*Ts in Release 14, which is around 16 ns with 15KHz sub-carrier spacing and 20MHz bandwidth.
PDoA measures the arrival timing difference based on the phase difference between the multiple subcarriers of the reference signal. The major advantage of the PDoA is that it has no constraint imposed by the time domain sampling frequency. Furthermore the required implementation is less complex than TDoA method as it requires neither oversampling nor interpolation process, which is typically required in TDoA measurement.
PDoA method may report back the RSTD by means of the measured phase difference instead of the timing value itself. Considering the limited signalling bits for RSTD reporting, PDoA provides much higher timing resolution than TDoA approach. For comparison purpose, assuming LTE PRS (6 subcarrier-distant RS in frequency domain) and 14 bits of RSTD reporting as in LTE, PDoA can provide the RSTD resolution calculated as 2π/(2π*6*15KHz)/2^14=0.67 ns if there is no phase ambiguity. This higher resolution significantly improves the positioning measurement accuracy. Detailed number and the locations of RS design suitable for PDoA estimation need further study.
Proposal 6: 
· Need to study on the potential advantages of the utilizing PDoA measurement method to improve the positioning accuracy.

Discussion on PRS design
NR PRS resource
[bookmark: _GoBack]In previous meeting, it was agreed to define PRS resource concept based on a single antenna port, and the several related issues are discussed in this section.
From the 6th agreement captured in Section 1, a single PRS resource can span multiple PRBs within N consecutive symbol(s) within a slot, and the specific value of “N” is FFS. From the first meeting of positioning SI, most of the companies have shared a similar view on the staggered RE pattern as PRS RE pattern design, since this staggered RE pattern shows better cross-correlation peak characteristic. In consideration of the staggered RE pattern of a PRS resource, configurable frequency RE density (REs/symbol/PRB) and the number of spanning OFDM symbols of a PRS resource needs to be jointly discussed. For example, if the frequency RE density of a PRS resource is 4, then this PRS resource needs to span 3 consecutive OFDM symbols, which can be seen in Figure 4 (a).

Proposal 7: 
· The number of occupied OFDM symbols of a PRS resource should be determined with consideration of frequency RE density (REs/symbol/PRB) of the PRS resource.

PRS resource concept was agreed while introduction of PRS resource set remains as a FFS. In consideration of PRS transmitted by multiple TX beam(s) from a gNB/TP, PRS resource set needs to be defined for a more efficient PRS resource configuration and measurement/reporting behaviour at UE side. For example, let us see Figure 3, where a gNB/TP transmits PRS resources in many directions by TX beam sweeping to the target UE#1 and UE#2. Intuitively, the PRS resource(s) transmitted in the gNB3 direction would not be meaningful to UE#1 since those are deviated from the LoS direction between gNB2 and UE#1. Thus, it would be reasonable that UE#1 performs the ToA(s) measurement for the PRS resource set #1 and considers only the PRS resources included in the PRS resource set #1 when calculating the RSTD with the PRS resource transmitted from another gNB/TP.
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[bookmark: _Ref993284]Figure 3. An illustrative example for PRS transmission of a gNB/TP with multiple TX beams, where each TX beam is mapped to a single PRS resource, and TX beams denoted by bold line are PRS resource set #1 and the TX beams denoted by dashed line are PRS resource set #2.
Proposal 8:
· NR defines PRS resource set that contains one or multiple PRS resource(s).

Regarding PRS signal bandwidth configuration, one of two possible ways such as BWP-specific and PRS resource-specific needs to be determined. If the measurement/reporting behaviour of the UE(s) is based on the BWP specific way, the UE(s) performs the PRS measurement only for the configured PRS resource within the configured BWP even if the PRS resource occupies the frequency bandwidth out of the configured BWP. In case of PRS resource-specific way, the UE(s) would perform the PRS measurement for the frequency bandwidth configured for the configured PRS resource irrespective of the configured BWP.

NR PRS design for multi-beam operation
In the previous meeting, it was agreed that NR DL PRS design for FR1 and FR2 supports use of DL beam sweeping/alignment, since the measurement values obtained through PRS such as RSRP, RSTD and ToA would be different depending on the transmitted beam directions of a single gNB/TP, and hence it might be reasonable that the target UE should be able to discriminate the PRSs transmitted with different TX beam directions from a single gNB/TP as well as the PRSs transmitted from different gNBs/TPs.
For this purpose, the UE(s) would be configured with multiple PRS resource(s) associated with a single gNB/TP where one or multiple PRS resource could be mapped to a single PRS transmission beam of the gNB/TP, and a PRS resource set containing one or multiple PRS resources need to be defined in order for multiple PRS configuration associate with a single TP. 
For the effective ToA measurement for both of the reference cell and neighbour cell, the target UE needs to simultaneously and repeatedly receive PRS resources transmitted from multiple gNBs/TPs, where this feature is well reflected in the LTE PRS configuration such as “PRS occasion and occasion group”. In NR PRS, this occasion concept might be needed. In contrast with the LTE PRS, however, PRS occasion in NR needs to be designed considering the time-domain beam sweeping behaviour of the gNB/TP and the UE(s). 
For this purpose, we first define a PRS block as a basic unit for the PRS transmission and reception for the measurement and/or reporting considering the TX beam sweeping of multiple gNBs/TPs for a single RX beam, and then we design the “NR PRS occasion” as a repeated structure of a “PRS block”. Conceptually, we suggest that the PRS block design with multiple PRS resource sets considering the following aspects. 
· In terms of a single gNB/TP, all of the PRS resources within a PRS resource set are transmitted within a single PRS block, i.e., PRS is transmitted with multiple TX beams. 
· In consideration of overall gNBs/TPs, overall frequency RE(s) and time RE(s) within a RPS block are fully occupied by the PRS resource sets such as Figure 4.
As an intuitive example, let us consider three TPs where the TX beam sweeping periodicity of those TPs is two. For this case, there are three PRS resource sets and each one contains two PRS resources that can be respectively configured for two TX beams of each TP. The time-frequency RE pattern of the PRS resources satisfying the design constraints described above is depicted in the left-side of Figure 4 (denoted by (a)), and the PRS block structure is depicted in the right-side of this figure.

[image: ]
(a) PRS resource and PRS resource set                               (b) PRS block
[bookmark: _Ref534984894]Figure 4. An illustrative example of PRS block structure

Then, the PRS occasion can be depicted as N times repeated structure of the PRS block shown in Figure 5. The network/LMF transmits the PRS block repeatedly, and then the UE may be able to RX beam sweeping according to its capability, or receive the PRS block for the improvement of hearability. 

[image: ]
[bookmark: _Ref534984824]Figure 5. An illustrative example of NR PRS occasion which is shown as a repeated structure of a single PRS block.

As a baseline approach for the PRS occasion design from this example, the number of PRS TX (sweeping) beams in a PRS block could be the same between different gNBs /TPs, and let us assume that the number of gNBs/TPs 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 can be determined by  symbols where M denotes the number of PRS TX (sweeping) beams.
Proposal 9: 
· NR PRS occasion is a repeated structure of a PRS block which is composed of multiple PRS resource set(s) taking into account of the beam sweeping periodicity for PRS transmission of the gNBs/TPs.

Flexible configuration for NR PRS
We need further consideration on the detailed design principle to support flexible configuration of PRS. Also, the way of PRS configuration needs to be considered 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 of the certain UEs, even if the hearability for the possible PRS TX beam(s) could not be enough for PRS detection regardless of RX beam direction for those UE(s). Lastly, we may 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 gNBs/TPs.

Discussion on Measurement and Reporting
The RSTD and RSRP measurements for NR DL PRS were agreed in the previous meeting, which is captured in section 1, but details are still FFS, i.e., RSTD between different configured PRS resources, beams, TRPs, and/or cells, etc.
In LTE system, there is a single RSTD measurement between two different gNBs/TPs, since each gNB/TP sends PRS (resource) with common beam and the target UE needs to detect ToA for a PRS transmitted from each gNB/TP. In NR, however, each gNB/TP would transmit multiple PRS resources in different directions through TX beam sweeping, and there exist multiple possible RSTD measurements between two gNBs/TPs, but the most meaningful/accurate RSTD value would be one among them.
The target UE should detect ToA for all of the configured PRS resources, but the target UE needs to select a single PRS resource among multiple resources transmitted from a single gNB/TP. In consideration of OTDOA based positioning, it would be reasonable to choose a PRS resource corresponding to the minimum propagation delay or ToA among the PRS resources contained in a PRS resource set transmitted from the same gNB/TP, which may well reflect the LoS path characteristic between the gNB/TP and the UE. After the UE selects N PRS resources corresponding to N gNBs/TPs, the UE can obtain RSTD measurements between N gNBs/TPs by computing time differences between N PRS resources. Simply, the UE can obtain the RSTD measurement between different PRS resource sets after the UE determines a ToA measurement for each PRS resource set. 

Proposal 10: 
· RSTD measurement can be obtained between PRS resource sets transmitted from different gNBs/TPs after the UE determines the minimum ToA/propagation time for each PRS resource set.

Conclusion
In this contribution, we reveal our views on NR positioning, and summarize our proposals as follows:
OTDOA
Observation 1: 
· For the OTDOA based positioning, NR positioning should consider the complexity reduction UE complexity for the cross-correlation computation for the following reasons.
· Number of ToA/RSTD measurements would be quite large even for a single gNB/TRP in NR due to the TX/RX beam sweeping operation.
· Wideband based PRS is highly demanded for high accuracy positioning which is also requires high complexity.
Proposal 1: 
· NR should consider the simultaneous transmission of the common PRS sequence from multiple gNBs/TPs for the OTDOA positioning technique especially for the computational complexity perspective.
Proposal 2:
· NR should consider the simultaneous transmission of the common PRS sequence from multiple gNBs/TPs with different intentional time-domain delays.
·  
Proposal 3: 
· The positioning accuracy performance by OTDOA technique should be studied based on the assumption of network synchronization error.

Proposal 4:
· For NR positioning, need to study for the development of solutions to provide high accuracy positioning by overcoming the limited frequency resources for the narrow bandwidth system.

AoD based positioning
Proposal 5:
· To support AoD based DL-only positioning technique with at least beam sweeping, need to study signalling mechanism on beam information between gNB, LMF, and UE. 
· For example, the gNB sends the AoD information of RS resource(s) to LMF, and the UE reports RS resource index corresponding to the maximum RSRP to LMF.

PDoA
Proposal 6: 
· Need to study on the potential advantages of the utilizing PDoA measurement method to improve the positioning accuracy.

PRS design
Proposal 7: 
· The number of occupied OFDM symbols of a PRS resource should be determined with consideration of frequency RE density (REs/symbol/PRB) of the PRS resource.
Proposal 8:
· NR defines PRS resource set that contains one or multiple PRS resource(s).
Proposal 9: 
· NR PRS occasion is a repeated structure of a PRS block which is composed of multiple PRS resource(s) considering the beam sweeping periodicity for PRS transmission of the gNBs/TPs.

Measurement and Reporting
Proposal 10: 
· RSTD measurement can be obtained between PRS resource sets transmitted from different gNBs/TPs after the UE determines the minimum ToA/propagation time for each PRS resource set.

Reference
[1] Chairman’s Notes 3GPP RAN1 NR Ad-Hoc meeting Jan., 2019.
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