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[bookmark: _Ref494215420]Introduction
In RAN #80, NR positioning SI was approved. The objective for RAN1 is to study and evaluate potential solutions of positioning technologies. During the initial discussion in RAN1#94b, we spent most of the time discussing requirements and evaluation methodology. However, for potential positioning techniques, there’s no big progress achieved.
In this contribution, we first discuss the potential positioning techniques, and then we provide some detailed discussion on positioning RS design principle.
Discussion
Consideration on potential techniques
During the last meeting, RAN1 achieved a high level agreement on potential techniques for NR positioning, as shown below.
	Agreement:
The RAT dependent solutions considered for study include
· Downlink based solutions
· Downlink and uplink based solutions
· Uplink based solutions



Regarding the potential techniques, many companies proposed their preferences in last meeting. In order to complete this SI on time, we suggest RAT dependent techniques which don’t need additional system/sensor implementation should be prioritized. Other positioning techniques can be studied later and treated as enhancement solutions. In the following, we analyze the current RAT dependent techniques used in LTE. 
E-CID based positioning 
The advantage of cell ID based positioning is that it can achieve very low latency. The parameters used by positioning calculation can be achieved before the positioning progress started. Some enhancement measurements can be obtained without dedicated resource configuration. On the other hand, the drawback of E-CID based positioning is the low accuracy comparing to other solutions. However, in some scenarios with small cell coverage, the positioning error can be less than 10m with high probability. In NR, with the introduction of beam information, higher time resolution and other new features, the positioning accuracy can be further enhanced.
OTDOA/UTDOA based positioning 
The advantage of OTDOA/UTDOA is the relatively high positioning accuracy based on timing measurement of reference signals from different base stations or from a UE. By configuring the density of reference signals in time and frequency domain, positioning accuracy can be controlled with a certain probability. The drawback is configuration of reference signals will cause cell throughput loss and the measurement and report will introduce additional latency. In NR, the reference signal can be designed considering both positioning accuracy and resource consumption.
From our point of view, the E-CID, OTDOA, and UTDOA should be studied first to see whether the positioning requirement from last meeting can be achieved or not.
Proposal 1: For RAT-dependent positioning techniques, E-CID, OTDOA and UTDOA should be first studied.
Consideration on positioning RS design
LTE PRS is well designed to support OTDOA based positioning solution early in LTE Rel-9. During LTE-PRS pattern design, various parameters and factors were well analyzed and optimized, including time and frequency pattern, reuse factor [1], to guarantee that the specified PRS design has good performance. 
For NR PRS design, we think the main design principle should be the same as LTE PRS. For example, the REs for NR-PRS should occupy different REs in different OFDM symbols for good auto-correlation property and the REs in each OFDM symbol should be uniformly distributed over RBs [2].
In general, no matter which RS is used as a baseline, the NR positioning RS pattern within a slot should be LTE-PRS-like.
Proposal 2: Positioning RS pattern within a slot should be LTE-PRS-like.

Conclusion
In this contribution, we discussed potential positioning techniques and positioning RS design principle from our perspective. Based on the discussion, we have the following proposals:
Proposal 1: For RAT-dependent positioning techniques, E-CID, OTDOA and UTDOA should be first studied.
Proposal 2: Positioning RS pattern within a slot should be LTE-PRS-like.
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