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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#95, several candidate techniques and RS were agreed at least for NR RAT-dependent positioning.  The following agreements in [1] were achieved regarding UL positioning:
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
 In this contribution, NR OTDOA related techniques are discussed.
2. UTDOA  related Techniques
UTDOA is a network-based technology. The network can use the uplink positioning measurement provided by uplink signals to obtain RSTD between positioning related network nodes and UEs. UTDOA-based positioning should also consider new framework like beam mechanism, multi-TRP or multi-cell transmission, low and high frequency band and other time/frequency/spatial configurations, etc. 
In UTDOA positioning, the quality of the uplink signal at the receiving nodes is not guaranteed due to its low transmit power, so the surrounding BS may not be able to correctly receive the uplink signal. Therefore, in LTE, the Location Measurement Unit (LMU) is used to make measurements of uplink signal timing sent by UEs and communicate these measurements to an E-SMLC. A UE Positioning request may involve measurements by multiple LMUs. Considering uplink coverage, we could reuse LMU mechanism in NR for UTDOA positioning. 
Proposal 1: 
· Support reusing LMU mechanism in NR for UTDOA positioning.
In LTE, SRS is used for uplink positioning. Considering small impact on NR specification, NR SRS may also be used for the same purpose. In NR, SRS can be transmitted on every 2 (comb-2) or 4 (comb-4) subcarrier and spans 1,2or 4 consecutive OFDM symbols within the last 6 symbols of a slot. For better correlation performance and uplink coverage, a diagonal SRS pattern like downlink PRS should be used. Moreover, when SRS is used for positioning, frequency hopping should be disabled. SRS pattern in Figure3 may be a candidate pattern, which is composed by comb-4 SRS over 4 symbols with repeat and comb shift.


Fig. 1 A candidate SRS pattern
Proposal 2: 
· Support SRS as uplink RS for UTDOA positioning 
· Support comb-4 SRS over 4 symbols with repeat and comb shift for wideband operation. 
In LTE, the radiation power pattern of a single antenna element is omni-directional. The UL positioning RS sent by one UE can be received by multiple gNBs/TRPs/LMUs from different directions. In NR, beam mechanism should be considered and the transmission of uplink RS need to be beamformed. In FR2, it seems that uplink beam sweeping is a solution to cover potential network equipments. An uplink beam sweeping pattern should be defined. In Fig.2, the beam sweeping pattern contains N consecutive RS sets with different beam directions. Within each RS set, M consecutive RSs are defined and each RS has the same beam direction. 


Fig.2 An uplink beam sweeping pattern
Proposal 3: 
· Support uplink beam sweeping for NR UTDOA positioning.
In DFT-s-OFDM wave, Pi/2-BPSK modulation sequence is used for some RSs generation because of good PAPR performance. For uplink positioning ,the high PAPR limits the uplink TX power of the UE which makes BSs far away from UE unable to correctly measure uplink RS. This problem limits the number of positioning nodes and leads to lower positioning accuracy. Some studies in NR Release-15 have shown that Chu-sequence-based sequence has higher PAPR than Pi/2 BPSK modulation sequence. Therefore pi/2-BPSK modulation sequence may be considered as a candidate sequence for uplink positioning RS generation. The sequence for uplink positioning can be generated by a Gold sequence with pi/2-BPSK modulation and DFT transforming shown in Fig.3.


Fig.3 Uplink positioning reference signal sequence for pi/2 BPSK modulation
For verification, we did some simulations comparing the PAPR performance between Chu-sequence-based sequence used for SRS generation and gold sequence with pi/2-BPSK modulation. It can be seen that with a comb-2 frequency structure, using gold sequence with pi/2-BPSK modulation can provide better PAPR performance than Chu-sequence-based sequence.
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Fig.4 PAPR performance of pi/2 BPSK modulation sequence and Chu-sequence-based sequence
Proposal 4: 
· Support Pi/2-BPSK modulation sequence as uplink positioning sequence at least for DFT-s-OFDM waveform.
3. Conclusion
In this contribution, we discuss NR positioning techniques with the following proposals:
Proposal 1: 
· Support reusing LMU mechanism in NR for UTDOA positioning.
Proposal 2: 
· Support SRS as uplink RS for UTDOA positioning 
· Support comb-4 SRS over 4 symbols with repeat and comb shifting for wideband operation. 
Proposal 3: 
· Support uplink beam sweeping for NR UTDOA positioning.
Proposal 4: 
· Support Pi/2-BPSK modulation sequence as uplink positioning sequence at least for DFT-s-OFDM waveform.
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