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Introduction
A new work item on “NR positioning support” was approved in RAN#83 and the following agreements were made in RAN1#97 [1].
Agreement:
SRS transmissions for positioning are realized with staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· FFS: construction of the pattern inside the SRS resource structure

Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15


Agreement:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset  range of {0,1,…,13}.

Agreement:
For positioning, with regard to UL Beam management/alignment towards serving and neighbouring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options

Agreement:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15).
In this contribution, we discuss the UL reference signals design for NR positioning as well as the design principles for DL&UL based positioning schemes.
NR UL PRS design
General design principles
In this section, we provide our views on the general design principles for UL only based positioning. UTDOA is a typical uplink based solutions. As a network based positioning technique, the basic concept of UTDOA is to measure the arrival time difference of the reference signals transmitted from a UE at a reference node, e.g., serving node, and other neighboring nodes. With this measurement, UE position can be obtained by multilateration. In LTE, the measured reference signal is SRS and the unit to measure the arrival time difference can be Location Measurement Units (LMUs), which are attached to each eNodeB. The configuration of SRS is very flexible in NR with following features.
· The number of SRS symbol can be configured spanning 1, 2 or 4 consecutive OFDM symbols;
· Both intra-slot and inter-slot frequency hopping within a BWP is supported and SRS can switch between BWPs and CCs;
· SRS configuration is UE specific;
· Periodic, semi-persistent, and aperiodic SRS transmission are supported;
· Multiple SRS resource set and SRS resources are supported.
Given the flexibility provided by SRS configuration in NR, it has been agreed that SRS should be used as a starting point. In addition to SRS, other reference signals such as PRACH can also be considered for arrival time measurement and the benefit of using PRACH is that the positioning can happen at the very beginning stage of the communication, which might be needed for some use cases requiring very short latency. It is also beneficial to choose the same reference signal and perform joint measurement for both timing advance and AoA measurement when necessary to reduce complexity, latency and storage size.
Proposal 1: Both SRS and PRACH should be supported for UL positioning and following principles should be considered for further enhancements
· NR reference signal design and configuration already provide high level of flexibility so that further enhancements to support positioning functionality should be minimized. 
· Same reference signal should be chosen for joint measurement of both timing advance and angle when possible to reduce complexity, latency and storage size.
For angle based positioning techniques, beam information can be used to estimation both AoA and AoD at the network side using the existing beam management framework defined in NR. The beam measurement and reporting mechanism can also be reused for positioning. However, one issue in beam management is that the beam direction cannot be linked to geographic direction in a straightforward manner. For example, the first beam is not necessarily to be the beam pointing to a certain direction, e.g., north direction. In this regard, a benchmark beam pointing to a reference geographic direction needs to be defined.
Proposal 2: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning except a reference beam pointing to a pre-defined geographic direction needs to be defined.
Potential Enhancements for UL positioning
1 
2 
2.1 
2.2 
UL PRS pattern
It has been agreed to support staggered SRS transmissions for UL SRS positioning. In Rel-15 NR, it is already possible to configure different offset values for different SRS resources within one SRS resource set. With such configuration possibility, the stagger SRS pattern can be supported if we can assume the same antenna port for different SRS resources, which minimizes the specification efforts. 
Proposal 3: Support configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.
BWP configuration
A UE can be configured with up to 4 BWPs but only one BWP can be activated at one time. Even though UE might be capable of operating outside the BWP, it is not required to do so. As aforementioned, one of the main benefits for positioning using SRS is that SRS is an existing and well defined reference signal in NR thus the specification effort is minimal. SRS can be used for positioning without disturbing the data/control information transmission by the UE. In this regard, the simplest solution is to configure the SRS in the active BWP for arrival time difference measurement. Another benefit of such solution is that different UEs may have different BWPs with different frequency location so that the interference from other UEs can be mitigated or randomized. However, similar to OTDOA, the time difference measurement accuracy may depend on many factors such as available bandwidth, subcarrier spacing and carrier frequency. The BWPs configured to a single UE may have different numerology, bandwidth, etc. With larger subcarrier spacing and shorter symbol duration, the timing measurement step gets smaller and it will generally lead to improved positioning accuracy. It might be necessary to configure a wider bandwidth or subcarrier spacing to meet the positioning accuracy target. In this regard, a BWP different from current active BWP, e.g., the BWP with the largest bandwidth or subcarrier spacing, can be configured to the UE for arrival timing measurement to achieve more accurate positioning. Such BWP can either be from the existing BWPs or a new dedicated BWP.
Proposal 4: For the BWP configuration of NR UL PRS, e.g. SRS, both solutions as follows should be supported
· Alt1: SRS is configured within the active UL BWP;
· Alt2: SRS is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.
Number of SRS symbols and comb pattern
The main reason to use SRS as a starting point for UL PRS is it has minimal disruption to UL data transmission since it needs to be transmitted for channel sounding anyway. Increasing the set of allowable number of SRS symbols per resource may enhance the hearability but also introduce higher signalling overhead. Moreover, the hearability improvement can also be achieved by configuring multiple SRS resources assuming the same antenna port or increasing the UE transmission power.  
Proposal 5: Further values including 3,6,14 for the number of SRS symbols per resource and further values for comb pattern beyond 2, 4, 8 should not be considered.

Other enhancements
Physical layer procedures may need to be further enhanced to guarantee the measurement of UL PRS. In our companion contribution [3], we have discussed power control, timing advance and beam sweeping and alignment with the following proposals.  
Proposal 6: In order to improve the hearability of UL PRS, both open loop and closed loop power control can be considered
· For open loop power control, UE can transmit based on the weakest link of surrounding TRPs/gNBs as long as it is lower than the maximum allowed transmit power per carrier;
· For closed loop power control, UE can receive multiple TPCs from multiple TRPs/gNBs and adjust its transmission power based on the received TPCs, e.g., maximum power, average power.
· A fall-back mechanism where UE always transmits with maximum power should also be supported, where the UE transmit with its maximum transmission power.
Proposal 7:  The propagation delay difference between the serving cell and the neighbor cells can be handled in the following ways.
· Adjustment of measurement window;
· Adjustment of TA value based on multiple propagation delays and such adjustment should be indicated by the network.
DL&UL positioning
General design principles
In this section, we provide our views on the general design principles for DL&UL based positioning.
Cell ID (CID) positioning is one of the network based positioning technologies where the estimation of the UE position is based on ID of the serving cell. The latency of CID can be very low and it requires minimal specification support. However, the positioning accuracy depends on the geographic area covered by the serving cell, e.g., a UE position can be estimated as the serving cell location, and it could be very low. With highly densified cell deployment, its positioning accuracy can be improved but still remains in the same level of cell size. CID can be enhanced by considering Round Trip Time (RTT) and/or received signal strength to provide distance information and Angle of Arrival (AoA) of the signals from the UE to provide directional information and such technology is E-CID, which is a UE assisted but network based positioning techniques. It has been agreed that E-CID downlink measurements should be based on at least RRM measurements defined in NR Rel. 15.
It has also been agreed that multi-cell RTT will be supported in NR where the RTT measurement is not only for the serving cell but also for the neighboring cells. RTT can be obtained from analyzing timing advance measurement. A timing advance mechanism has already been defined in NR. For neighboring cells, RTT can be obtained from gNB RX-TX time difference measurements and UE RX-TX time difference measurements. For such measurements, the existing reference signals in NR Rel. 15 can be considered, e.g., CSI-RS/TRS, SRS and PRACH. With very flexible configuration of the existing reference signals, it is expected that NR positioning requirements can be met with minimal spec change.  In addition, new DL PRS will be defined and is also expected to be used for DL measurements for both E-CID and multi-cell RTT. It has been agreed that the reference signals agreed for DL-only and UL-only positioning techniques can be reused for DL+UL RTT positioning with multiple TPs/gNBs.  
Angle measurement is performed at the network side based on UE transmission in UL with the knowledge of gNB antenna configuration. The accuracy of angle measurement depends on environment as well as factors such as number of antenna elements, antenna spacing and carrier frequency. In a rich scattering environment, the angle measurement accuracy could be low but in a sparse channel environment, the accuracy might be quite high. It is beneficial to choose the same reference signal and perform joint measurement for both timing and angle measurement to reduce complexity and latency and storage size. 
Proposal 8: For DL&UL positioning technologies, only the following reference signals should be supported for DL and UL measurements, respectively
· UL: SRS and PRACH;
· DL: CSI-RS/TRS and new PRS.
For angle based positioning techniques, beam information can be used to estimation both AoA and AoD at the network side using the existing beam management framework defined in NR. The beam measurement and reporting mechanism can also be reused for positioning. However, one issue in beam management is that the beam direction cannot be linked to geographic direction in a straightforward manner. For example, the first beam is not necessarily to be the beam pointing to a certain direction, e.g., north direction. In this regard, a benchmark beam pointing to a reference geographic direction needs to be defined. From gNB perspective, there are two ways to acquire AoD information: 1) it can be known since the beam pattern and direction are determined by the precoding matrix known to the gNB so that gNB can derive AoD from such information; 2) it can also be obtained from UE beam measurement and feedback.
Proposal 9: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning with following enhancements
· A reference beam pointing to a pre-defined geographic direction needs to be defined;
· gNB derivation of AoD should be supported.
Information exchange between gNBs
For gNB measurement, UL PRS, e.g., SRS, is configured by the serving gNB but should be measured not only by the serving gNB but also the neighboring gNBs. The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
Proposal 10: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS..
Conclusions 
In this contribution, we discussed the UL reference signals design for NR positioning as well as the design principles for DL&UL based positioning schemes. Our observations and proposals are summarized below.
UL
Proposal 1: Both SRS and PRACH should be supported for UL positioning and following principles should be considered for further enhancements
· NR reference signal design and configuration already provide high level of flexibility so that further enhancements to support positioning functionality should be minimized. 
· Same reference signal should be chosen for joint measurement of both timing advance and angle when possible to reduce complexity, latency and storage size.
Proposal 2: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning except a reference beam pointing to a pre-defined geographic direction needs to be defined.
Proposal 3: Support configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.
Proposal 4: For the BWP configuration of NR UL PRS, e.g. SRS, both solutions as follows should be supported
· Alt1: SRS is configured within the active UL BWP;
· Alt2: SRS is configured in a dedicated BWP with the largest bandwidth.
Proposal 5: Further values including 3,6,14 for the number of SRS symbols per resource and further values for comb pattern should not be considered.
Proposal 6: In order to improve the hearability of UL PRS, both open loop and closed loop power control can be considered
· For open loop power control, UE can transmit based on the weakest link of surrounding TRPs/gNBs as long as it is lower than the maximum allowed transmit power per carrier;
· For closed loop power control, UE can receive multiple TPCs from multiple TRPs/gNBs and adjust its transmission power based on the received TPCs, e.g., maximum power, average power.
· A fall-back mechanism where UE always transmits with maximum power should also be supported, where the UE transmit with its maximum transmission power.
Proposal 7:  The propagation delay difference between the serving cell and the neighbor cells can be handled in the following ways.
· Adjustment of measurement window;
· Adjustment of TA value based on multiple propagation delays and such adjustment should be indicated by the network.
DL&UL
Proposal 8: For DL&UL positioning technologies, only the following reference signals should be supported for DL and UL measurements, respectively
· UL: SRS and PRACH;
· DL: CSI-RS/TRS and new PRS.
Proposal 9: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning with following enhancements
· A reference beam pointing to a pre-defined geographic direction needs to be defined;
· gNB derivation of AoD should be supported.
Proposal 10: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
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