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1 Introduction

A new study item on “Study on NR positioning support” was approved in RAN#80 [1] and the following agreements were made in RAN1#94b [2], RAN1#95 [3] and RAN1#Ad-Hoc 1901 [4].

Agreement:
The RAT dependent solutions considered for study include

· Downlink based solutions

· Downlink and uplink based solutions

· Uplink based solutions

Agreement:
The following candidate techniques are considered for study of DL positioning:

· Timing based techniques 

· Timing of arrival path(s)

· Phase difference based techniques

· Note: feasibility needs to be further assessed

· Angle-based techniques

· Downlink angle(s) of departure 

· Downlink angle(s) of arrival 

· Carrier-phase based techniques

· Note: feasibility needs to be further assessed

· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)
Agreement:
The following candidate reference signals were identified for DL positioning evaluation and are to be further studied

· NR CSI-RS (including TRS configuration)
· NR Synchronization Signals (SSBs)
· New DL positioning reference signals (DL PRS)
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 discuss the potential solutions for NR DL positioning.
2 NR positioning techniques
NR positioning technologies can be categorized into RAN-embedded (Cell-ID, E-Cell ID, OTDOA, UTDOA, etc.), RAN-external (GNSS, Bluetooth, WLAN, Terrestrial Beacon Systems (TBS), sensors, etc.) and hybrid solutions where RAT-independent positioning techniques can be used to facilitate and/or improve the performance of RAT-dependent positioning techniques. Considering the proliferation of embedded functionality for positioning to smartphones/mobile devices, in addition to RAT-dependent techniques, the hybrid positioning techniques should also be prioritized.
OTDOA is a typical downlink based positioning solution and similar to GNSS in principle, where observed time difference of arrival between a reference cell, e.g., serving cell, and neighboring cells is derived and such time difference of arrival is used to locate the UE. The reference signals used to measure the arrival time difference in LTE is a cell-specific reference signal, i.e., PRS. In NR, there are some existing reference signals such as SS and CSI-RS/TRS, which might be considered as positioning reference signals. However, one of the major concerns for these reference signals is hearability. For SS, it is transmitted from multiple cells using the same time-frequency resources and thus each SS suffers from interferences of neighbor cells so that the hearability might not be enough to support positioning, where at least three cells are needed. In appendix, we have shown the CDF of long-term SINR for UMi and UMa scenarios and it seems -45dB is required to guarantee that 95% of the UEs can hear the fifth strongest gNB and it could be quite challenging. For NR CSI-RS/TRS, different pattern/density can be configured by multiple cells so that interference from other cells might be mitigated. 

In LTE, only one PRS pattern is defined. However, in NR, multiple PRS patterns/densities might need to be supported depending on multiple factors. The main reason is that the positioning accuracy depends on at least available bandwidth for positioning. In NR positioning, a wide range of accuracy requirements from relatively loose one in E911 to much more stringent accuracy requirements for certain commercial positioning applications are identified. The pattern/density of positioning reference signals need to be studied by taking such diversity of requirements into account. In FR1, the available bandwidth for positioning might not always be large especially considering the IoT devices with limited operating bandwidth. In such a case, in order to achieve the target positioning accuracy, the density of PRS can be configurable. On the contrary, available bandwidth for positioning in FR2 is normally quite large and thus lower density PRS, e.g., CSI-RS/TRS can be considered as a starting point. Positioning accuracy may also depend on numerology since RSTD measurement granularity depends on subcarrier spacing. Moreover, highly densified deployment is supported in NR, which may potentially improve positioning accuracy since the UE can hear PRS from more cells. However, in order to improve hearability, orthogonality between PRS from different cells is needed and thus the frequency density of PRS needs to be reduced to guarantee the orthogonal PRS transmission in such scenario. 

Proposal 1:  Multiple density/pattern should be supported for positioning reference signal and it can be configured based on available bandwidth, cell density, numerology, carrier frequency, etc.
Another aspect of OTDOA reference signal configuration is whether it is UE specific or cell specific. In NR, always-on cell-specific reference signal is removed to reduce power consumption and signaling overhead. For positioning, it is desired that a reference signal can be heard by multiple UEs at the same time. However, it does not mean the configuration of PRS has to be cell specific because the sharing can be achieved by configuring the same PRS to individual UEs in a UE specific way. In LTE, RB based granularity is considered for PRS. In NR, configurable bandwidth for PRS has been agreed and considering the much wider bandwidth, RB based granularity seems not necessary and a coarser granularity can be considered to reduce the configuration signaling overhead, e.g., RBG size can be considered for granularity. In NR, up to 4 BWPs can be configured to a UE but only one BWP can be activated at one time for a UE. The BWP configuration is UE specific and for PRS configuration the simplest solution is to configure it within the active BWP. However, since different UEs’ BWPs might be separated from each other and PRS sharing may not be achieved, leading to high signaling overhead. In this regard, it is more efficient to have a common BWP shared by as many UEs as possible and it is important to guarantee that this common BWP can be configured to every UE. Since each UE needs to listen to SSB for synchronization and acquisition of system information, the BWP containing SSB can be considered for PRS configuration. 

Proposal 2: For configurable DL PRS signal bandwidth, the following should be considered.

· UE specific configuration;

· RBG based granularity;

· DL PRS signal is configured to the active BWP or the BWP containing SSB.  
It has been agreed that configurable NR DL PRS signal numerology (SCS) should be supported. In NR, extended CP is only defined for 60 kHz. However, UE might need to measure PRS from neighbor cells and these neighbor cells could be quite far away from the UE at least in the UMa scenario. In this regard, longer CP might be needed at least for UMa in FR1 with 15 and 30 kHz.
Proposal 3: Extended CP can be considered for 15 and 30 kHz for DL PRS signal.

Even with careful site planning and muting mechanism, it seems unavoidable that in some worst cases, PRS signals might be transmitted on the same time/frequency resources from different gNBs and these PRSs might interfere with each other. However, these PRS sequence can be orthogonal in the code domain and thus the PRS signals can be differentiated from each other. In addition, the serving gNBs and neighbor gNBs can adjust their transmission power of the PRS signals collaboratively to reduce the interference and such power adjustment is an implementation issue. It has been agreed that there is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources to improve hearability so there is no need to support time/frequency sharing between NR DL PRS resources and other transmissions including data/control.
Proposal 4: There is no need to introduce additional interference randomization across PRS signals and sharing  between NR DL PRS resources and other transmissions including data/control should not be supported.
It has been agreed that one antenna DL PRS port should be supported. Increasing antenna port will introduce more signaling overhead and the timing relationship between multiple antenna ports might differ depending on different precoding and implementation assumptions. In this regard, the benefits of multiple antenna ports are not clear.

Proposal 5: Single antenna port is sufficient for PRS signal and multiple antenna ports should not be supported. 
PRS resource has been defined in the last meeting. PRS resource set should also be defined as a set containing multiple PRS resources. One resource set can be within one slot or cross multiple slots. The number of PRS resources within one resource set can scale with carrier frequency, numerology, bandwidth, etc. NR DL PRS resource can span multiple PRBs within N consecutive symbol(s). If N = 1, the PRS can be configured as consecutive or non-consecutive symbols and maximum flexibility can be achieved. Otherwise, non-consecutive symbols should be supported for one PRS resource so that PRS can be multiplexed in time domain. Since one antenna port has been agreed for PRS signal, it should be assumed that only one antenna port can be assumed for each PRS resource set.
Proposal 6: PRS resource set can be defined as a set containing multiple PRS resources and one resource set can be within one slot or cross multiple slots. Each PRS resource contains N=1 symbol and one antenna port should be assumed within each PRS resource set.
Furthermore, multiplexing of positioning reference signals with other reference signals and/or PDCCH needs to be considered. PRS might collide with other reference signals, e.g., SS, and the multiplexing of PRS and other reference signals needs to be studied. In addition, PRS used to be deployed in data part only in LTE but in NR data and control parts might share the same symbol in NR. In this regard, how to multiplex PRS with control channel in NR should be studied.
3 Conclusions 

In this contribution, we discussed the potential solutions for NR positioning technologies presented our views on the potential enhancements that need to be studied. Our observations and proposals are summarized below.

Proposal 1:  Multiple density/pattern should be supported for positioning reference signal and it can be configured based on available bandwidth, cell density, numerology, carrier frequency, etc.

Proposal 2: For configurable DL PRS signal bandwidth, the following should be considered.

· UE specific configuration;

· RBG based granularity;

· DL PRS signal is configured to the active BWP or the BWP containing SSB.  

Proposal 3: Extended CP can be considered for 15 and 30 kHz for DL PRS signal.

Proposal 4: There is no need to introduce additional interference randomization across PRS signals and sharing  between NR DL PRS resources and other transmissions including data/control should not be supported.
Proposal 5: Single antenna port is sufficient for PRS signal and multiple antenna ports should not be supported.
Proposal 6: PRS resource set can be defined as a set containing multiple PRS resources and one resource set can be within one slot or cross multiple slots. Each PRS resource contains N=1 symbol and one antenna port should be assumed within each PRS resource set.
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Appendix
The long-term SINR curves are plotted in the below figures for UMi and UMa scenarios defined in [2].
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Fig. 2 CDF of SINR for UMi (fc=2 GHz)
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Fig. 3 CDF of SINR for Uma (fc=2 GHz)
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