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Introduction
A new study item on “NR Positioning Enhancements” was approved in RAN#86 and the objectives are as follows [1].
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.

In this contribution, we discuss the potential positioning enhancements for NR positioning.
PRS pattern enhancement
In this section, we present our views on the enhancement of PRS pattern. In Rel-16, the following combination of comb sizes and number of symbols are supported. 
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	Working assumption: {0,6,3,9,1,7,4,10,2,8,5,11}


Table-1 Supported comb size and number of symbols
This pattern can guarantee that the PRS can be distributed in the frequency domain as uniform as possible. However, such pattern can also cause collision of PRS from multiple cells if the starting symbols of PRS from multiple cells are different. 
For example, in Fig. 1 (a) comb-4 and 4 symbols are illustrated starting from the first symbol of a slot in cell 1. In cell 2, the same comb size and number of symbols are applied but the starting symbol is the second symbol of a slot. 
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(a)                                                                               (b)
Fig. 1 (a) Cell 1 PRS with initial offset 0 (b) Cell 2 PRS with initial offset 2
As we can see from the figure, collision will always happen between cell1 PRS and cell 2 PRS if the initial offset of PRS from cell 2 is 2 or 3. When collsion happens, PRS from different cells will interfere with each other and the positioning accuracy is degraded. However, such collision can be avoided using the diagonal pattern shown in the below figure.
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Fig. 2 Diagonal PRS pattern
For IIOT scenario, the density of cells can be quite high and in order to avoid collision as much as possible, diagonal PRS pattern should be supported as well. Two PRS patterns can be configured simultaneously and separated in time, frequency or space domain.
Proposal 1: New PRS pattern should be studied to avoid collision between multiple TRPs and two PRS patterns can be configured simultaneously and separated in time, frequency or space domain.
RRC IDLE/INACTIVE positioning
In RAN1 #102e meeting, the following agreements were made [2]:

	Agreement:
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)



The RRC_IDLE/INACTIVE state positioning attracted much attention during the email discussion in RAN meeting #86, and some high-level ideas has been proposed in the contribution papers of RAN1 #101e meeting. For IIoT devices, it is desirable for them stay in RRC_IDLE/INACTIVE state as long as possible to reduce the power consumption.  Since RAT-dependent positioning techniques in Rel-16 are limited to UEs in RRC connected mode, the enhancement of positioning to RRC idle and inactive states needs to be introduced in Rel-17. So, we propose the following:
Proposal 2: For UE positioning in RRC_idle state and RRC_inactive state,
· PRACH preamble, PRS and SRS are starting point as a candidate reference signal
· How to support large bandwidth to transmit/receive these reference signals for better positioning accuracy is studied
· How to report the measurement by UE is studied in case PRS is utilized for the positioning
For RRC idle/inactive mode, there is no connection between the UE and gNB yet. Thus, if gNBs initiate the location information transfer procedure, the request location information message could be sent through paging channel (PCH). 
Proposal 3: When the location server initiates the location transfer procedure to UE in RRC_idle and RRC_inactive state, NR paging message can deliver the LPP Request Location information message. Details are up to RAN2.
NLOS identification
In RAN1 #102e meeting, the following agreements were made [2]:

	Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signaling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.



As shown in our companion contribution [3], with increase NLOS probability the positioning accuracy is degraded significantly. In this regard, NLOS links should be differentiated from LOS links to avoid such performance degradation. 
It is not always possible to have LOS link between the gNB and the UE. When NLOS link is considered as shown in the below figure, in addition to the UE location, reflector location is also unknown. In total, we have 5 unknown values including UE location (x,y), reflector location (x1,y1) and UE orientation. If only AoA or AoD at one side is measured, it is clearly not possible to locate the UE. Here we also consider signal strength in terms of RSRP, RSRQ or SINR and such information together with path loss information can be used to estimate the path length of the singal traveled from the gNB to the UE or the other way around. All measurements can be analysed jointly to identify the NLOS links.
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Fig. 3 NLOS links
Proposal 4: Angle based LOS/NLOS differentiation with joint measurement should be studied.
Proposal 5: In addition to the measurement reporting of RSRP, RSTD, RX-TX time difference, UE reports indication of LOS/NLOS.
Uplink Transmission-Based Relative Positioning
In smart factories, with objects tightly stored, and moving tools (e.g. forklifts) trying to locate and move objects, it is important to accurately locate objects to avoid moving a wrong object. In our companion contribution [4], we discuss uplink transmission-based positioning in more details. The channel conditions (e.g. LOS vs NLOS) depend on the distance between two devices (e.g. base station and UE) as shown in [4], the larger the distance, the higher the NLOS probability and accordingly the less accurate the positioning estimate. While objects (e.g. object to be moved and forklift) whose position is being measured are relatively close to each other, they could be much further away from a base station. Furthermore, it is the relative position of these objects relative to each other, rather than the absolute position of each, that is of relevance. Hence, it would see natural to use relative positioning to determine the position of the objects relative to one another.

As stated in NOTE 1 of WID [1], “Sidelink is not part of this objective”. However, downlink and uplink channels on the NR Uu interface can be used for positioning. Uplink transmissions can be monitored and received by other UEs in the vicinity of the UE transmitting the uplink signal to assist in relative positioning.

Proposal 6: Uplink transmission-based relative positioning should be studied.

Muting enhancements
It has been agreed to support both DL PRS schedule indication and muting. Actually, muting can be relevant to comb pattern since larger comb pattern can support more cells with orthogonal PRS in frequency domain. For example, for comb-12 cell A with PCI 0 and cell B with PCI 6 can be configured with orthogonal PRS in frequency domain but for comb-6, PRS of these two cells will overlap in frequency domain and cause interference to each other. In addition, in LTE, muting is only in time domain. However, in NR, the system bandwidth can be up to 400MHz. When time domain muting happens, the entire bandwidth needs to be muted and it is a waste of resources. In such a case, we should also consider frequency domain muting in addition to time domain muting.
Proposal 7: Frequency domain muting should be studied.
Alignment with Dynamic TDD
In many Industry IIoT applications, achieving low latency communications will be a key requirement. Dynamic TDD has been specified in 5G-NR as an enabling technique to achieve low latency, particularly with the ability to configure different symbols in a single slot to carry downlink and uplink traffic. Hence it is likely to have dynamic TDD being widely adapted in IIoT networks. In order to control the interference and to enable smooth mobility, it is also likely that multiple cells will employ the same dynamic TDD configuration in the dense IIoT networks.

The dynamic TDD configuration is characterised by the parameter P- ‘dl-UL-TransmissionPeriodicity’ [1], which sets the periodicity for the dynamic TDD pattern consisting of ND slots with only downlink symbols, ND+U slots with both downlink and uplink symbols and NU slots with only uplink symbols. In situations where dynamic TDD is employed in IIoT networks and when OTDoA methods are used for positioning, the PRS and SRS signals will have to align with this dynamic TDD periodicity P. More specifically, the periodicity, slot offset and the repetition rate parameters of PRS and SRS need to be configured to occupy ND and NU slots respectively of the periodic pattern P.

In simulating the PRS and SRS performance in the IIoT network scenarios, it will be important to assess if PRS and SRS configurations can achieve evaluation targets under dynamic TDD conditions. This will require the PRS and SRS parameters for periodicity, slot offset and repetition rate to occupy only a subset of the values specified in TS 38.211 sections 7.4.1.7 and 6.4.1.4 respectively, in line with the Dynamic TDD periodicity value P, as of [1]. Particularly the positioning accuracy, latency and energy consumption metrics should be evaluated under this dynamic TDD periodicity constraint.

Proposal 8: Evaluation of IIoT OTDoA positioning performance should include a consideration of a sub-set of PRS and SRS possible parameter values for periodicity, slot offset and repetition rate, which conform to a dynamic TDD setting in the IIoT network. 
Conclusions 
In this contribution, we discussed the potential positioning enhancements for NR positioning. Our proposals are summarized below.
Proposal 1: New PRS pattern should be studied to avoid collision between multiple TRPs and two PRS patterns can be configured simultaneously and separated in time, frequency or space domain.
Proposal 2: For UE positioning in RRC_idle state and RRC_inactive state,
· PRACH preamble, PRS and SRS are starting point as a candidate reference signal
· How to support large bandwidth to transmit/receive these reference signals for better positioning accuracy is studied
· How to report the measurement by UE is studied in case PRS is utilized for the positioning
Proposal 3: When the location server initiates the location transfer procedure to UE in RRC_idle and RRC_inactive state, NR paging message can deliver the LPP Request Location information message. Details are up to RAN2.
Proposal 4: Angle based LOS/NLOS differentiation with joint measurement should be studied.
Proposal 5: In addition to the measurement reporting of RSRP, RSTD, RX-TX time difference, UE reports indication of LOS/NLOS.
Proposal 6: Uplink transmission-based relative positioning should be studied.
Proposal 7: Frequency domain muting should be studied.
Proposal 8: Evaluation of IIoT OTDoA positioning performance should include a consideration of a sub-set of PRS and SRS possible parameter values for periodicity, slot offset and repetition rate, which conform to a dynamic TDD setting in the IIoT network. 
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