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[bookmark: _Ref513464071]Introduction
[bookmark: _GoBack]In RAN Plenary #86, agreements were made to discuss enhancements to improve latency and accuracy of Rel-16 positioning techniques. In Rel.17, less than one meter of accuracy is required for general commercial use case. For IIoT applications, less than 20cm of accuracy is required. The target latency requirement is less than 100ms while for IIoT applications order of 10ms is desired. 
In this contribution, proposals to reduce latency for NR positioning are introduced. Namely, prioritization of RS for positioning and on-demand RS for positioning are discussed.
Potential enhancement for latency reduction
Motivation
In NR, latency of less than 100ms is considered. In addition, during RAN1#101e, the following agreement regarding end-to-end latency was made [2].

	Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
· Note: Target positioning requirements may not necessarily be reached for all scenarios



In our companion contribution, components that introduce latencies in the network are explained [3]. Namely, from the physical layer perspective, the following two components impact latencies for PRS [3]:
· T1: Time duration for positioning initialization: 
· Signalling for provisioning of PRS configuration and initialization of PRS measurement at UE
· T2: Time duration for measurement and processing: 
· PRS reception, measurement and processing at UE
· T3: Time duration for measurement reporting: 
· Transmission of measurement reports from UE to serving gNB 
For SRS for positioning (SRSp), the following three components impact latencies for SRSp [3]:
· T1: Time duration for positioning initialization: 
· Signalling for reception of SRSp configuration at UE
· T2: Time duration for measurement and processing: 
· SRSp transmission and processing at UE
· T3: Time duration for measurement reporting: 
· Measurement of SRSp and processing at gNB/TRPs
It is clear from the above definitions that for T1, T2 and T3 prioritization, conservations must be given to both physical and higher layer for shortening the delay components.
In this contribution, we consider two techniques that may be applicable to reduce latency, prioritization of RS and on-demand RS for positioning. Prioritization of PRS and SRSp becomes critical for shortening T1 and T3. Given that both SRSp and PRS are given low priorities in Rel-16, considerable duration for T1 and T3 are envisioned. 
Thus, mechanisms to allow prioritization of RS used for positioning and on-demand based RS for positioning are considered to shorten the latency.
Prioritization of PRS and SRS for positioning
Prioritization mechanism
In Rel-16, both PRS and SRSp are assigned relatively low priorities. As a consequence, the positioning reference signal may be dropped when the UE has another signal for UL transmission or downlink reception. To shorten the latency of a positioning technique, a priority can be assigned to the positioning reference signal. Specifically, a high priority can be assigned for PRS/SRSp associated with low latency positioning requirements and a lower priority can be given to PRS/SRSp associated with less stringent positioning requirements. 
The priority of the positioning reference signals can be indicated to the UE by either upper layers or lower layer. The priority of the positioning reference signal also can be associated with type of the positioning reference signal (e.g. periodic vs. aperiodic positioning reference signals).
Prioritization between the PRS/SRSp and other signals can be supported based on the priority associated with each signal. In Rel-16, the dropping of one signal is specified; however, other techniques can be further studied. For example, when PRS collides with PSDCH, dynamic muting of the PRS, puncturing, or rate matching around PDSCH REs can be considered.  
Proposal 1: Study mechanisms supporting prioritized transmission of PRS and SRS for positioning
Consideration for Rel-16 prioritization
During the RAN1#101e meeting, Rel-17 target requirement for positioning was discussed for both commercial and IIoT use cases. Regarding IIoT use case, three values (10ms, 20ms or 100ms) for end-to-end latency for position estimation were captured in the agreements for possible down selection. To achieve such low latency for IIoT application, the PRS or SRSp resource should be transmitted with a high priority. For example, in the scenario where an uplink PUSCH transmission with low priority is overlapping with SRSp transmission, the UE should be able to transmit SRSp and the PUSCH transmission should be dropped. 
In NR Rel-16, prioritization mechanisms were introduced to support intra-UE multiplexing. For intra-UE multiplexing, it targets the case where a UE can support simultaneously two type of service each with different performance requirements (e.g. URLLC and eMBB type of services). In case of overlapping between low priority and high priority transmissions, the UE drops the low priority transmission. Rel-16 introduced some mechanisms for the UE to determine the priority of a PUSCH/PUCCH as well as PDSCH transmission. For example, the DCI scheduling PUSCH transmission can carry a priority indicator bitfield to indicate the priority associated with the PUSCH.
Rel-16 prioritization mechanisms can be used as baseline for prioritization of positioning RS. For intra-UE multiplexing, priority indication used in Rel-16 mechanisms can be reused. For example, the UE may support both commercial and IIoT use cases simultaneously. The UE can be configured with a configured grant PUSCH transmission and be triggered to send aperiodic SRSp that is overlapping with PUSCH. Using priority indicator, the gNB can indicate to the priority of SRSp so that the UE determine which transmission to drop.
Proposal 2: Rel-16 URLLC prioritization mechanisms is used as a baseline for prioritized transmission of PRS and SRS for positioning.
On-demand RS for positioning
In Rel-16, the PRS/SRSp configuration is semi-statically configured. Therefore, it is challenging to achieve low latency and high accuracy positioning requirements. Therefore, it is necessary to support the dynamic change of PRS/SRSp configuration based on the environment and the positioning service requirements. For example, the UE may request the PRS/SRSp configuration based on the change in the environment (e.g. mobility, coverage, poor quality of measurements, etc.) or the demand for services. Alternatively, the LMF also can configure the conditions/triggers to report the assistant information.
Proposal 3: Study mechanism supporting on-demand PRS and SRS for positioning
Conclusion.
In this contribution , the following conclusions were made for potential positioning enhancements:
Proposal 1: Study mechanisms supporting prioritized transmission of PRS and SRS for positioning
Proposal 2: Rel-16 URLLC prioritization mechanisms is used as a baseline for prioritized transmission of PRS and SRS for positioning.
Proposal 3: Study mechanism supporting on-demand PRS and SRS for positioning
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