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Introduction
In 3GPP #95 meeting, the following agreement was made for the potential RAT dependent techniques for NR positioning [1].
	Agreement:
The following candidate techniques are considered for study of DL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Phase difference based techniques
· Note: feasibility needs to be further assessed
· Angle-based techniques
· Downlink angle(s) of departure 
· Downlink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)
Agreement:
The following candidate techniques are considered for study of UL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Angle-based techniques
· Uplink angle(s) of departure 
· Uplink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
Agreement:
The following candidate techniques are considered for study of DL and UL positioning:
· Timing based techniques
· Round trip time measurement including support for multiple TRPs
· Combination of DL and UL techniques for NR positioning
· e.g. E-CID like techniques (including one or multiple cells)
Agreement:
· Combination of DL, UL and DL + UL techniques can be used for NR positioning
· Combination of RAT-dependent and RAT-independent techniques can be considered for NR positioning
Agreement:
The following candidate reference signals were identified for DL positioning evaluation and are to be further studied
· NR CSI-RS (including TRS configuration)
· NR Synchronization Signals (SSBs)
· New DL positioning reference signals (DL PRS)
Agreement:
The following candidate reference signals were identified for UL positioning evaluation and are to be further studied
· NR PRACH
· NR SRS
· NR UL DMRS
· NR UL PTRS
· New UL positioning reference signals (UL PRS)


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

Discussion on UTDOA Techniques 
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 signals such as SRS (sounding reference signals). In contrast with LTE system, NR supports multi-beam operation including digital beamforming and analog beamforming. Therefore, AOA (angle of arrival) could be indicated if TRP receive the uplink signal by using Rx beamforming. The knowledge of AOA could enhance Positioning accuracy based on UTDOA method. In addition to this, further enhancement of Positioning accuracy could be achieved by using narrow Rx beamforming.

Observation 1: 
· When TRP receive uplink PRS of specific UE, acquiring the information of Angle of arrival could enhance Positioning accuracy.

If Rx beamforming is used to receive uplink PRS of specific UE, it seems necessary to discuss how multi-LMU/TRP determine each Rx beam to receive uplink PRS of specific UE. For example, if TRP doesn’t have knowledge of corresponding Rx beam, beams sweeping operation should be needed. In this case, high layer may indicate UE to perform multiple uplink PRS retransmission. Or, if corresponding Rx beam information is needed, measurement information of UE can be used.

Proposal 1: 
· Study how multi-cells determine each Rx beam to receive uplink PRS of specific UE

Uplink Positioning RS design
NR SRS is considered as candidate of uplink PRS. The RE patterns of NR SRS are 2-comb, 4-comb pattern, and 1, 2, and 4 symbol is used for NR SRS. Comb type which is used for NR SRS has the advantage of hearability enhancement, for FDMed multi user signal can reduce interference. However, side-lobe of sequence correlation is relatively large, so miss detection would be increased. The pattern of LTE downlink PRS is 6-comb, and 1RE shift for each OFDM (staggered pattern) also used. By the effect of staggered pattern, side-lobe of sequence correlation is reduced for LTE downlink PRS case. Similarly, RAN1 can discuss whether designing new uplink PRS RE pattern to reduce side-lobe of sequence correlation is needed.

Observation 2: 
· 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 2: 
· Study whether designing new uplink PRS RE pattern to reduce side-lobe of sequence correlation is needed.

If low side-lobe of sequence correlation is demanded as mandatory, following RS design can be considered:
1. Comb-1 (using single OFDM symbol)
2. Comb-N (N>1) with RE shift at each OFDM symbol (using multiple OFDM symbols)
3. Non-uniform mapping (using single OFDM symbol)

Near-far Problem
For UTDOA method, multiple LMU/TRP should receive uplink PRS of 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 UE transmit uplink PRS to LMU/TRP, so weak signal could not be detected by LMU/TRP side.

Proposal 3: 
· Study how to control UE’s Tx Power for transmitting uplink PRS.

Timing advance
In LTE system, timing advance was designed to be based on the serving cell timing. However, for supporting positioning method based on UTDOA, uplink transmission between single UE to multiple LMU/TRP is supported. So, Timing advance should be considered based on not only serving cell timing, but also multiple LMU/TRP. Therefore, if NR support positioning method based on UTDOA, RAN1 should discuss timing advance of multiple LMU/TRP

Proposal 4: 
· If NR support positioning method based on UTDOA, RAN1 study timing advance of multiple LMU/TRP.

Study Coverage of Uplink Positioning
Most issues covered in this contribution are related to RS coverage of uplink positioning method. Depending on the coverage, some issue may or may not be serious problem. Therefore, RAN1 studies potential coverage of NR uplink Positioning.

Proposal 5: 
· [bookmark: _GoBack]Study potential RS coverage of NR uplink Positioning.


Conclusion
In this contribution, we revealed our views on UTDOA based positioning, and summarize our proposals and observations as follows:
Observation 1: 
· When TRP receive uplink PRS of specific UE, acquiring the information of Angle of arrival could enhance Positioning accuracy.
Observation 2: 
· 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: 
· Study how multi-cells determine each Rx beam to receive uplink PRS of specific UE
Proposal 2: 
· Study whether designing new uplink PRS RE pattern to reduce side-lobe of sequence correlation is needed.
Proposal 3: 
· Study how to control UE’s Tx Power for transmitting uplink PRS.
Proposal 4: 
· If NR support positioning method based on UTDOA, RAN1 study timing advance of multiple LMU/TRP.
Proposal 5: 
· Study potential RS coverage of NR uplink Positioning.
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