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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 #AH1901, the following agreements are achieved on UL only based 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
 In this contribution, details on UL PRS design are further discussed.
2. UL PRS design
In NR Rel-15, in frequency domain, SRS is per BWP configured; while in time domain, SRS can be configured with maximum 6 symbols within a slot. According to different functionalities, SRS can be used for codebook based transmission, non-codebook based transmission, antenna switching and beam management. One or more SRS resource set(s) can be configured for a UE with one of the above usages. Each SRS resource set may involve one or more SRS resource(s), and each SRS resource may involve one or more SRS antenna port(s). In addition, SRS frequency hopping and carrier switching are also supported as in LTE.
In previous RAN1 meeting, it was agreed to use SRS as a starting point for UL PRS. However, to guarantee accuracy of positioning in different scenarios in NR, a flexible SRS design is required as current SRS design is not sufficient. Firstly, SRS transmission symbols may need to be extended to the whole slot symbols to avoid interference and increase network capacity of simultaneous positioning users. Secondly, SRS transmission bandwidth configuration should take uplink coverage into account, as wider bandwidth means lower power spectral density. Thirdly, a separate SRS resource set may need to be introduced for positioning only which is different from other SRS functionalities. The SRS resource set can be configured with multiple SRS resources, each SRS resource with one port and different comb offsets. For better positioning correlation performance and uplink coverage, a diagonal SRS pattern can be considered as depicted in Figure 1. Frequency hopping and carrier switching may need to be disabled to improve positioning accuracy. Fourth, SRS spatial information indication mechanism for both beam correspondence in holding and not holding cases should be considered. When beam correspondence is holding at UE side, SRS spatial information can be acquired by the DL channel; otherwise, SRS spatial information can be acquired by SRS beam indication. In addition to beam repetition off, beam repetition on also should be supported to enhance positioning robustness as depicted in Figure 2. Last but not the least, overhead reduction should be kept in mind for SRS design for positioning.

 
Figure. 1 An example of SRS pattern for positioning 


Figure.2 An example of SRS beam repetition for positioning
Proposal 1: 
· For SRS for uplink only based positioning, the following aspects on SRS configuration can be considered,
· SRS can transmit on whole symbols within a slot.
· SRS resource set with usage of ‘positioning’ is supported.
· Different SRS resources with different comb offsets are supported.
· SRS repetition on is supported. 
· Whether support frequency hopping or carrier switching should be further studied. 
· RRC or DCI signaling overhead should be taken into account.
[bookmark: _GoBack]Regarding uplink timing advance and power control issues, since both timing advance and power control mechanism are based on the serving cell in current specification, the UE has to perform cell switching to transmit SRS for each positioning cells, which reduce uplink positioning speed. Therefore, uplink TA adjustment and power control mechanism may need to be enhanced to support simultaneous reception for other positioning cells besides the serving cell. At least power control reference pathloss reference signal based on non-serving cells can be considered to accelerate positioning. 
Proposal 2: 
· For uplink only based positioning, support power control mechanism enhancement to transmit SRS for all positioning cells.
In LTE and NR Rel-15, SRS sequence generation is based on ZC sequence, as ZC sequence has good auto correlation, cross correlation and PAPR properties. However, in NR Rel-16, to reduce PAPR for UL with transform precoding on and pi/2 BPSK modulation, new DMRS sequence are introduced. For new DMRS sequence, when sequence length is larger or equal to 30, Gold sequence is used; otherwise, CGS is used. Similar to the low PAPR DMRS sequence design in Rel-16, SRS sequence generation also can reuse new DMRS sequence to further reduce PAPR. Additionally, due to low PAPR property, SRS coverage and positioning accuracy would be enhanced. The PAPR performance comparison between ZC sequence and Gold sequence are depicted in Figure 3. From the evaluation, it can be seen that Gold sequence provides better PAPR performance than ZC sequence.  
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Figure.3 PAPR performance between ZC and Gold sequence
Based on our UTDOA evaluation of UMi scenario in [2], we further evaluate positioning performance between ZC sequence and Gold sequence above.  Since the PAPR of Gold sequence above is lower than ZC sequence, it can be assumed that if Gold sequence is used as the uplink positioning sequence, the maximum transmit power of the UE can be improved compared to using ZC sequence. For better comparison, we select 60 UEs with limited positioning performance due to low uplink coverage. In order to be associated with the results of PAPR in Figure 3, we first compare the positioning performance of the two sequences in the case where the transmit power of Gold sequence is 1 dB higher than ZC sequence which is depicted in the left side of Figure 4. It can be seen that 1 dB boosting of transmission power can make the performance of the Gold sequence better than the ZC sequence. Then we further evaluated another case where the transmit power of Gold sequence is improved by 2 dB, while ZC sequence still maintains the original transmit power. From the simulation results, we can see that the performance advantage of Gold sequence with 2 dB boosting is more obvious. It is confirmed that the uplink positioning sequence with lower PAPR can achieve better positioning performance, especially in the case where the uplink coverage is limited. Therefore, based on our evaluation results, we propose to reuse DMRS sequence for DFT-s-OFDM waveform based PUSCH for pi/2 BPSK modulation agreed in Rel-16 for SRS sequence generation for positioning.
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Figure.4 Positioning performance between Gold sequence (1dB (left) and 2dB (right) transmit power boosting) and ZC sequence
Proposal 3: 
· In addition to ZC sequence, support to reuse DMRS sequence for DFT-s-OFDM waveform based PUSCH for pi/2- BPSK modulation agreed in Rel-16 for SRS sequence generation for positioning.
3. Conclusion
In this contribution, UL PRS design is discussed with the following proposals,
Proposal 1: 
· For SRS for uplink only based positioning, the following aspects on SRS configuration can be considered,
· SRS can transmit on whole symbols within a slot.
· SRS resource set with usage of ‘positioning’ is supported.
· Different SRS resources with different comb offsets are supported.
· SRS repetition on is supported. 
· Whether support frequency hopping or carrier switching should be further studied. 
· RRC or DCI signaling overhead should be taken into account.
Proposal 2: 
· For uplink only based positioning, support power control mechanism enhancement to transmit SRS for all positioning cells.
Proposal 3: 
· In addition to ZC sequence, support to reuse DMRS sequence for DFT-s-OFDM waveform based PUSCH for pi/2- BPSK modulation agreed in Rel-16 for SRS sequence generation for positioning.
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