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Introduction
In 3GPP RAN1 AH-1901 meeting, the following agreement was made for the potential RAT dependent techniques for NR positioning [1].
	Agreement:
· NR UL SRS is used as a starting point for design and analysis of UL PRS
· Further study if and which enhancements are needed
· FFS: NR UL PRS relationship with UL BWP and component carrier
 Agreement:
FFS: At least the following aspects for NR UL PRS design 
· Use of UL beam sweeping at FR2 
· Beam sweeping includes possibility of quasi-omni transmission
· Use of UL beam alignment at FR2 through DL reception and beam correspondence
· UL Power control aspects
· UL timing advance aspects
 Agreement:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
· UL RTOA measurements
· UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
· UL RSRP (reference signal received power) measurements
· gNB RX-TX time difference measurements
 Agreement:
· NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
· UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
· NR should support UL-AoA based positioning techniques in FR1 and FR2
· UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
· Round-trip time (RTT) with one or more neighboring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2


In this contribution, we reveal our views on the potential techniques for NR positioning especially for UL only based RAT-dependent techniques. 

Discussion on UL only based Positioning
Uplink Positioning RS design
From the last meeting, NR SRS is agreed as a starting point for design of UL PRS. However, there is still debating point to which pattern to use and how to allocate resources. The RE patterns of NR SRS are comb-2, comb-4 pattern, and 1, 2, and 4 symbol(s) can be used for NR SRS. 
Several companies have already proposed Comb type RE mapping and 1 RE shift for each OFDM symbol (staggered pattern) as UL PRS pattern in the last meeting’s contributions. Comb type which is used for NR SRS has the advantage of hearability performance, since multi-user signals can be orthogonal by FDM. In addition, as shown in Figure 2, side-lobe of sequence correlation is reduced by the effect of staggered pattern. If further performance enhancement is necessary, RAN1 can work on finding RE patterns and resource mapping during Positioning WI.
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(a) Normal pattern                         (b) Staggered pattern
Figure 1. Normal pattern and staggered pattern

[image: cid:image004.png@01D48187.F5E7E350][image: cid:image005.png@01D48187.F5E7E350]
(a) Normal pattern                         (b) Staggered pattern
Figure 2. Correlation results of normal pattern and staggered pattern

Observation 1: 
· NR SRS’s Comb type RE pattern can make side lobe of sequence correlation larger, so miss detection would be increased.
· Staggered RE pattern can reduce side-lobe of sequence correlation.
Proposal 1: 
· If further performance enhancement is necessary, RAN1 can work on finding RE patterns and resource mapping during Positioning WI.

Uplink signal transmission and UL Beam Sweeping
UTDOA technique employs the time difference of arrival (TDOA) at multiple location measurement units (e.g., LMU/TRPs) for a transmitted uplink reference signal such as SRS (sounding reference signals). In contrast with LTE system, NR support multi-beam operation including digital beamforming and analog beamforming. Therefore, AOA (angle of arrival) could be indicated if TRP receives uplink signal by using Rx beamforming. The knowledge of AOA could enhance Positioning accuracy based on UTDOA method. 
For these reasons, it was agreed that NR should support UL-AOA based positioning techniques in FR1 and FR2. When UL-AOA based positioning is used, TRPs can use Rx beamforming to receive uplink PRS transmitted from a specific UE. It seems necessary to discuss how multi-LMU/TRP determines each Rx beam to receive uplink PRS from a specific UE. For example, if TRP doesn’t have knowledge of the Rx beam direction corresponding to the transmitted UL PRS, Rx beam sweeping operation would be needed. In this case, higher layer signalling may be required to indicate that the UE performs multiple uplink PRS (re)transmissions. Also, if Rx beam sweeping is supported, it is necessary to discuss which UL PRS pattern is appropriate to support beam sweeping operation.

Proposal 2: 
· RAN1 discuss how multi-cells determine each Rx beam to receive uplink PRS from a specific UE

RS coverage Issue
For UTDOA method, multiple LMUs/TRPs should receive uplink PRS from a specific UE. In this case, the distance between each LMU/TRP and specific UE is different, so RAN1 can discuss how to control UE’s Tx power for transmitting uplink PRS. For example, near LMU/TRP may receive strong signal of uplink PRS, but far LMU/TRP may receive weak signal of uplink PRS. In addition, multiple UEs transmit uplink PRS to LMU/TRP, so weak signal could not be detected by LMU/TRP side. 
For solving the near-far problem, transmitting additional UL PRS, which has different transmission power, can be considered. For example, first UL PRS is applied with power control, and second UL PRS is transmitted with maximum UE transmission power. In this case, the near TRPs receive first UL PRS and the distant TRPs receive second UL PRS. This solution require more resource, but it can solve near-far problem and enhance UL PRS coverage.

Proposal 3: 
· Transmitting additional UL PRS, which has different transmission power, can be considered for RS coverage enhancement.

Timing advance
In NR system, timing advance was designed to be based on the serving cell timing. However, for supporting positioning method based on UTDOA, uplink transmission from single UE to multiple LMUs/TRPs is supported. Thus, timing advance should be considered based on not only serving cell timing, but also multiple LMUs/TRPs. In addition, we also need to discuss a potential impact in case that the configured timing advance is changed between UL PRS occasions.

Proposal 4: 
· RAN1 needs to consider the TA aspects including a potential impact in case that the configured timing advance is changed between UL PRS occasions.

Conclusion
In this contribution, we reveal our views on UTDOA based positioning, and summarize our proposals as follows:
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Observation 1: 
· NR SRS’s Comb type RE pattern can make side lobe of sequence correlation larger, so miss detection would be increased.
· Staggered RE pattern can reduce side-lobe of sequence correlation.
Proposal 1: 
· If further performance enhancement is necessary, RAN1 can work on finding RE patterns and resource mapping during Positioning WI.
Proposal 2: 
· RAN1 discuss how multi-cells determine each Rx beam to receive uplink PRS of specific UE
Proposal 3: 
· Transmitting additional UL PRS, which has different transmission power, can be considered for RS coverage enhancement.
Proposal 4: 
· RAN1 needs to consider the TA aspects including a potential impact in case that the configured timing advance is changed between UL PRS occasions.
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