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Introduction
In 3GPP TSG RAN Meeting #86, a new study item was agreed [1]. The SID provides the exemplary performance targets in the justification of the SI: 
(a) For general commercial use cases (e.g., TS 22.261):
- sub-meter level position accuracy (< 1 m)
(b) For IIoT Use Cases (e.g. 22.804):
- position accuracy < 0.2 m
The target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired. 
To meet the above performance targets, the SID lists the following RAN1 centric objectives.
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, signaling 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.
The study item is to address the higher accuracy location requirements resulting from new applications from industry verticals. Since the requirements and objectives are higher than Rel-17, new techniques and designs may be needed to meet the requirements.
[bookmark: OLE_LINK1]As illustrated in our companion contributions [2-3], Rel-16 positioning techniques are hard to meet the Rel-17 accuracy target in some of scenarios. In addition, overhead of DL/UL positioning reference signals, signaling and procedures for improved accuracy, reduced latency, network efficiency and device efficiency are important factors impacting the positioning of IIOT scenarios.
In this contribution, we provide our views on potential positioning enhancements for Rel-17.
Improved accuracy
Joint measurement across frequency
As we know, the accuracy of TOA estimation mainly depends on the bandwidth for timing based measurements. Although Rel-16 has defined different positioning frequency layers for DL PRS, there is no such UE capability supporting positioning frequency layer aggregation, so the DL PRS belongs to different positioning frequency layers can only be received by UE in a TDMed way.
On the other hand, due to the limited frequency bandwidth in a component carrier or a band, e.g. the maximum bandwidth of DL PRS in FR1 is 100MHz, which may be not enough to meet strict requirements in Rel-17. 
Therefore, it’s feasible that DL PRS from different positioning frequency layers can be used jointly for timing measurements. By doing so, the effective bandwidth of DL PRS would be larger for better TOA estimation.
We have conducted a preliminary investigation as shown in the following figures. Three different bandwidth settings are simulated to acquire TOA estimation error and positioning estimation error, where three different bandwidth settings are 50Mhz (case 1), 100MHz with continuous bandwidth (case 2) and 100Mhz with 50MHz gap between two frequency units (case 3). As can be seen from the figure 1, the TOA estimation accuracy of case 3 is better than case 1, but worse than case 2, which confirms that joint measurement based on RS from different frequency units will improve TOA estimation accuracy. To be more specific, case 2 has 0.346 m performance gain of TOA error compared with case 1 for at least 90% UEs, which improves almost 0.166 m positioning accuracy as shown in figure 2.
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Figure 1 CDF of TOA estimation error
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Figure 2 CDF of positioning estimation error
Observation 1: Timing measurements based on both continuous and non-continuous frequency units can improve TOA estimation accuracy and lead to better positioning accuracy.
Proposal 1: Rel-17 enhancements should consider joint measurement based on different frequency units, e.g. allow joint measurement based on DL PRS from different positioning frequency layers.
Prior channel information
In existing techniques, there are time and angle based methods for positioning a mobile terminal, such as time of arrival (TOA), receive signal time difference (RSTD), Multi round-trip-time (Multi-RTT), angle of departure (AOD) and angle of arrival (AOA). However, performance of the aforementioned approaches largely depends on whether links (e.g. channels) of the mobile terminal being line-of-sight (LOS) links. When the probability of the links of the mobile being the LOS links is low, the performance of the aforementioned approaches is downgraded. In addition, characteristics of the links of the mobile terminal may be so complex that it’s hard for the mobile terminal to get enough information simply from receiving reference signals.
Therefore, it would be better for UE to have some prior channel information, which might be useful for UE to estimate/predict channel characteristics. The possible usages of priori channel information may be,
· Serve as fingerprint (e.g. RSRP) to estimate the coarse location of UE. 
· Identify LOS and NLOS link (e.g. the PDF of Rician K-factor, because the Rician K-factor of LOS link is normally larger than NLOS link).
We have conducted some preliminary simulations to investigate prior channel information. Details can be seen in our companion contribution [4].
Proposal 2: Network can deliver some prior channel information to UE, the information will assist UE to perform better positioning.
RS enhancement
In NR Rel-16, new RS has been designed for positioning purpose. The DL PRS will be received from many TRP(s), whereas the UL PRS will be transmitted from many terminals in massive terminal scenarios, so how to manage the interference among different sources is a practical problem to be addressed. In current spec, the interference management can be realized in following ways,
· Different frequency domain allocation(e.g. different comb offset)
· Different time domain allocation
· Cyclic shift or different initialization sequences
· PRS muting
However, if the scenario has massive terminals ( e.g. plant asset management in IIOT scenario), the current techniques might not be enough to avoid severe interference. Besides, the PRS muting is not a resource friendly way for transmission. For example, the PRS muting is used for interference cancellation for PRS(s) overlapped in time domain, which means a DL PRS from one TRP should be muted for the reception of DL PRS from another TRP. 
As we know, orthogonal cover code (OCC) has been widely applied to avoid interference on different antenna ports. The OCC can also be introduced for DL PRS, some basic justifications can be,
· DL PRS from different TRP can fully overlap without the need of PRS muting.
· Larger multiplexing factor in some cases.
· [bookmark: OLE_LINK2]More processing gain because of higher PRS density.
For instance, the following figure on the left shows one of the comb-2 4-symbol pattern as defined in Rel-16 for DL PRS and the right one is an example of TD-OCC for comb-2. As shown in the two figures, both patterns occupy the same total number of RE, the power boosting is the same for two patterns. However, the comb-2 DL PRS with length-2 TD-OCC can support 2 PRS multiplexing factors at the same physical resources, which allows at least two fully overlapped PRS to be received at the same time.
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Figure 3 comb-2 4-symbol DL PRS vs comb-2 DL PRS with length-2 TD-OCC
[bookmark: OLE_LINK3]Proposal 3: To better manage the interference, introduce orthogonal cover code (OCC) for positioning reference signals can be considered in Rel-17.
Low latency
As we know, Rel-17 NR positioning requires stringent low latency, i.e 10ms or 100ms. Latency reduction needs to be considered from both high-layer and physical layer perspectives. Especially, physical layer latency is the major factor on end-to-end latency. 
In the existing NR Rel-16 positioning system, a downlink positioning reference signal (DL PRS) only supports periodic transmissions, resulting in certain disadvantages. For example, the DL PRS only supporting the periodic transmissions is neither resource efficient nor power efficient. It cannot adapt to channel variation due to UE mobility. In addition, it’s hard to meet temporary requirements of the UE, e.g. low latency positioning or instant higher positioning accuracy. Last but not least, the DL PRS can only be configured/triggered by core network through LPP protocol, which causes some unnecessary transmission latency.
Based on the above discussion, some possible enhancements can be done to reduce positioning latency,
· Support low-layer PRS triggering. Similar to UL PRS defined in Rel-16, DL PRS can also be triggered by low-layer signaling.
· Support low-layer positioning measurement report. Similar to CSI report, the positioning measurement report can also be transmitted by physical channels.
Proposal 4: To further reduce positioning latency, at least following enhancements should be considered,
· Support low-layer PRS triggering.
· Support low-layer positioning measurement report.
In addition, If RS (including PRS and SRS) transmission and measurement report can be supported for UEs in RRC inactive or idle state, the positioning latency will be reduced since UE does not need to wait until RRC is established. Since power saving is very important for UEs in RRC inactive or idle state, UE assistant positioning solutions should be prioritized to avoid high complexity of positioning calculation at the UE side. 
Since the signaling design in RRC inactive/idle state is much related to small data transmission in RRC inactive state which will be discussed in RAN2, the conclusion of that agenda in RAN2 can also be used for positioning. 
Proposal 5: Consider RS (including PRS and SRS) transmission and PRS measurement report in RRC inactive/idle state. 
Network calibration


Figure 4 network calibration procedures
As we all know, TDOA method requires tight synchronization between positioning nodes. But practically, it’s hard to ensure precise timing alignment between positioning nodes by current techniques, e.g. time service provided by GNSS. Moreover, the clock drift is another cause for synchronization errors. 
Therefore, synchronization calibration between positioning nodes might be necessary to further improve positioning accuracy in Rel-17. As an instance, the network can configure a positioning node to be an anchor node and enable measurements between any of other positioning nodes and this anchor node. Figure 4 illuminates a measurement procedure on anchor node and positioning nodes, i.e. the anchor node measures the RSTD value based on RS1 and RS2, then transmits the measurement for use in schedule entity on synchronization offset compensation.
Proposal 6: Enable network measurement to calibrate synchronization offset, e.g. support RSTD measurement between positioning nodes.
Conclusions
In this contribution, we discuss potential positioning enhancements. Based on the discussion, we have the following observations and proposals,
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1: Timing measurements based on both continuous and non-continuous frequency units can improve TOA estimation accuracy and lead to better positioning accuracy.
Proposal 1: Rel-17 enhancements should consider joint measurement based on different frequency units, e.g. allow joint measurement based on DL PRS from different positioning frequency layers.
Proposal 2: Network can deliver some prior channel information to UE, the information will assist UE to perform better positioning.
Proposal 3: To better manage the interference, introduce orthogonal cover code (OCC) for positioning reference signals can be considered in Rel-17.
Proposal 4: To further reduce positioning latency, at least following enhancements should be considered,
· Support low-layer PRS triggering.
· Support low-layer positioning measurement report.
Proposal 5: Consider RS (including PRS and SRS) transmission and PRS measurement report in RRC inactive/idle state. 
Proposal 6: Enable network measurement to calibrate synchronization offset, e.g. support RSTD measurement between positioning nodes.
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