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1 [bookmark: _Ref189046994]Introduction
 This contribution presents a list of enhancements candidates for NR positioning in release 17.  
2 [bookmark: _Ref7792543][bookmark: _Ref7598514]Candidate NR positioning enhancements
2.1 General view on rel17 enhancements
The SID for the study item on NR positioning enhancement [1] state that as a first priority, the study should focus on enhancing the different positioning techniques, DL/UL positioning reference signals, measurements, signaling and procedures that were developed during release 16. It should be noted that release 17 should support positioning in commercial and IIOT scenarios [1]. Positioning accuracy requirements in release 17 has rose quite significantly. While release 16 requirement was 3m in IOO scenario, release 17 accuracy requirement has considerably tightened in Indoor factory scenarios. Such tightening of requirement would need some salient performance improving features to be added to release 17. In this contribution, we present a number of potential enhancements over release 16 features which would help in meeting the release 17 requirement. 
2.2 Measurement and reporting enhancements
While release 16 provides a good suite of reference signal for positioning, the measurements specified in release 16 needs to be enriched. The enrichment of measurements in release 17 can be towards incorporating additional useful information for positioning or it can be for improving measurement quality of existing measurements. Our proposal in this section is for providing additional measurements enabling line-of-sight (LOS) detection, absolute TOA reporting of the reference measurement in RSTD reports and ensuring high quality UE Rx-Tx measurement by supporting controlled use of multiple UE antenna panels that otherwise would result in errors due to group delay variations. 
We have also expressed our views on latency and measurements towards the end of this section. It should be very clearly noted, that minimizing latency from RAN1 perspective would mean packing as much useful information as possible for improving positioning performance in limited measurement and reporting time. So, minimizing latency to the order of 10ms while meeting 20cm accuracy requirement would mean enriching measurements very well in stipulated time.

		
Rich timing measurement reporting
Rich multipath reporting have been discussed in release 16, and there is support for up to two additional paths to be reported with the timing measurements (RSTD, UE RxTX Time Diff, gNB RxTx Time Diff and RTOA). However, in release 17, to make rich reporting useful and to meet stringent accuracy requirements, we need to increase the number of additional paths reported and unambiguously define what metrics the UE shall report with the additional paths.
We discuss the example of RSTD measurements in detail, but the aspects are generally applicable to all the timing measurements. The relative timing difference between the neighbour cell j and the reference cell i is defined as TSubframeRxj – TSubframeRxi, where
 TSubframeRxj is the time when the UE receives the start of one subframe from cell j, and 
 TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. 
The reference point for the observed subframe time difference shall be the antenna connector of the UE according to TS38.215. 
The UE RSTD measurements provide the multipath timing profile at individual base stations (intra-RSTD) and the relative timing between base stations (inter-RSTD) as shown in Figure 1. The peaks shown in the figure are the power delay profile (PDP) peaks obtained from the received signal. 
As shown in the Figure 2, RSTD measurements are of two types. Intra-RSTD measurements and Inter-RSTD measurements. 
1. Intra-RSTD measurements are time difference measurements of the multipath peaks referenced with the first arrived peak from the same base station at the considered UE. Number of intra-RSTD will be P-1, where P is the number of paths considered.  
2. The inter-RSTD measurements are time difference measurements between first arrived peaks of base stations referenced with the first arrived peak of the serving base station of the considered UE. If the number of base stations is N, number of inter-RSTD measurements will be N-1.
[bookmark: _Hlk534990442][image: ][bookmark: _Ref47695396]Figure 1 RSTD measurements and rich reporting

Large value of paths considered for intra-RSTD measurements, P, would be the rich reporting which can be used for positioning methods based on analyzing multipath components for UE positioning. The values of N and P can be decided based on the UE capabilities. 
Resolution of RSTD measurements in number of reporting bits by UE should be specified. Precision of RSTD measurements w.r.t. the true values of these measurements should be set as requirement by the network. The network can configure number of strongest beams (Q) for which above measurements should be reported along with the beam/resource IDs.
Rich multipath reporting can also include many parameters of the received signal which provides additional information helpful for positioning. Such parameters can be magnitudes (.., .., ..), SNRs, Doppler frequencies, angle of arrival etc. of every reported multipath.
In order for rich reporting of additional paths to be at all useful, it’s necessary to define unambiguously what additional paths the UE should report. Different paths can be useful for different purposes, e.g. 
· First path. Gives the TOA of the LOS path in case of LoS and the TOA closest to LOS in case of NLOS.
· Strongest path. Gives information that can be used for LOS detection (If the first path isn’t also the strongest path it can be assumed to be NLOS). It can be measured with best precision, and is useful for fingerprinting techniques.
· N strongest paths with shorter delay than the strongest path. Gives useful information in case the first path is misdetected with noise, interference or an out of range path. This is useful also for fingerprinting techniques.
· N strongest paths. This is useful for fingerprinting techniques.
· Alternatively, a first path based on lower noise and interference threshold.
In next subsection, we also discuss measurements for LOS detection based on multipath reporting. Reporting multipath components for certain specific accuracy enhancements methods should be appropriately prioritized. 
It’s quite clear that the first path has highest priority, and that the strongest path has second priority. Beyond that, further studies are needed to decide on additional path reporting priorities.

[bookmark: _Toc47735939]The network should configure values P and Q for the measurements to be performed and reported by the UE, where P is the number of paths and Q is the number of beams.
[bookmark: _Toc47735940]Magnitude, SNR, Doppler frequency, angle of arrival of every path should be reported.
[bookmark: _Toc47735941]It shall be unambiguously defined what additional paths a UE shall report.


DL- LOS detection 
We will have this discussion in three parts:
1. Motivation for LOS/NLOS detection
2. Differentiating feature in LOS/NLOS measurements (based on real world measurements)
3. A possible implementation
Motivation for LOS/NLOS detection
In all timing-based positioning methods, additional random bias due to non-line-of-sight condition deteriorates performance of position estimation. For example, in the InF models defined in 38.901 the mean NLOS excess delay is 48.3ns corresponding to 14.5m. NLOS links will thus rarely contribute constructively to meter or submeter accuracy positioning. With stringent requirement on positioning accuracy for IIOT scenario in SID [1] of 20 cm, LOS detection will be very crucial in meeting the requirements. 
Now we show the extent of possible performance improvements in position estimation with inclusion of LOS/NLOS detection.  Positioning performance is evaluated by link selection based on LOS/NLOS detection. Position estimation is done by excluding NLOS links once they are detected, only LOS links are used. In Figure 2, we have shown positioning performances of two cases. The first case is with ideal LOS detection and the second is without any LOS detection for link selection. We have assumed a genie LOS detector, which detects LOS links with 100% accuracy. We have compared performance difference of position estimation using this genie detector versus position estimation when no LOS detector being used. As can be seen from Figure 2, cases with genie LOS detection provides significant improvement in position estimation performance compared to the case without any information if the links are LOS and not. The figure shows possibilities with availability of LOS information. As per the figure, LOS detection can ideally bring more than a 10 folds improvement in positioning accuracy. We propose that LOS detection mechanisms are studied within the Rel. 17 positioning enhancement study item.
1. [bookmark: _Toc40361159][bookmark: _Toc47735920]The mean NLOS excess delay in the InF models is 48.3ns corresponding to 14.5m. NLoS links will thus rarely contribute constructively to meter or submeter accuracy positioning.
1. [bookmark: _Toc47735921]LOS detection can ideally bring more than a 10 folds improvement in positioning accuracy.
[bookmark: _Toc47735942][image: ]LOS detection mechanisms should be studied within the Rel. 17 positioning enhancement study item.

[bookmark: _Ref47608679]Figure 2  Comparison of DL TDOA performance with and without genie LOS detection for two InF scenarios with 18 TRPs in the InF small hall (120m x 60m hall with 20m ISD) with TRP height 8m and UE height 1.5m and LOS probability  (as specified for InF in 38.901) with ksubsce equal to respectively 70 and 31.
[image: ][image: ][bookmark: _Ref47696826]Figure 4 Zoomed version of PDP from previous figure
[bookmark: _Ref47696803]Figure 3 Power delay profile in LOS/NLOS scenarios.

Differentiating feature in LOS/NLOS measurements (based on real world measurements)
Below we motivate a LOS/NLOS detection method. The method is inspired from a real world measurement datasets in LOS/NLOS scenarios [2]. Figure 3 shows power delay profile in indoor factory like scenario in LOS/NLOS conditions. Figure 4 shows the zoomed version of Figure 3 in relevant regions of the measurement.

It can be seen from above figures that in LOS scenario the highest peak of the measurement is very prominent. It is the first very clear peak arising from the measurement noise floor. Whereas, in the NLOS case, the highest peak of the measurement data is very gradual. The nature of LOS peak can be attributed to the fact that in the LOS conditions, all scattered signals arrive after the LOS component of the delay profile. Magnitudes of arriving scattered signals are always lower than the LOS reception due to higher path losses and other loss attributing effects. In NLOS cases, the highest peak can arrive possibly after many other scattering peaks. Even when the NLOS peak is prominent, typically it may be received after diffuse scattering components. Receiving diffuse scattering components along and before the prominent NLOS peak makes the rise of the peak very gradual, as evident from Figure 4. Based on above discussion, following observations can be made. 		

[bookmark: _Toc47735922]LOS peak is always the first peak in power delay profile of the received signal for a LOS link.
[bookmark: _Toc47735923]A NLOS peak can also be a first prominent peak in a delay profile. But it appears along with smaller surrounding peaks and other components of delay profile generated from diffusely scattered signal before and after the NLOS prominent peak.
[bookmark: _Toc47735924]Rise of LOS highest peak is very sharp. Rise of NLOS highest peak is typically very gradual.

An implementation for detecting LOS/NLOS scenarios.
[image: ]Figure 5 LOS/NLOS detection algorithm based on analyzing power delay profile of the received signal.


[bookmark: _Toc47735943]Following measurements should be specified in Rel-17. These measurements can be part of rich reporting.
a. [bookmark: _Toc47735944]Location and magnitude of the first peak.
b. [bookmark: _Toc47735945]Location and magnitude of the highest peak.
c. [bookmark: _Toc47735946]Components of PDP/CIR around first/highest peak. 
Absolute time reporting  
When doing outlier detection for bad RSTD measurements (due to e.g. NLOS), it is very good if the measurement disturbances are independent or can be re-formulated as a statistically independent measurement set (meaning that the covariance matrix of the measurement model is diagonal). If RSTD measurements are collected from e.g. different resource sets, each set of RSTD measurements has different time references (since the reference cell TOA measurements differ between resource sets due to randomness). This introduces problems when formulating the measurement model in a way which has a diagonal covariance matrix and may reduce performance of the outlier detection scheme. Introducing absolute time reporting of e.g. the serving cell TOA (that is, having a common time reference independent of resources/resource sets) will resolve this problem of combining RSTD measurements from different resource sets for outlier detection and robust positioning. Figure 1 shows the reference TOA as  which is used as reference timing for computing RSTD measurements. 
[image: ][bookmark: _Ref47697392]Figure 6 An example performance comparison showing improvement with absolute time reference (as a TOA report) in IOO scenario.

For sake of motivating RSTD measurement reports along with absolute reference report (as TOA of reference measurement), Figure 6 shows a few comparative performances. The curves with reported RSTD+TOA measurements show improvements over curves with no TOA measurement along with RSTD measurements. As can be seen from the Figure 6, the performance improvements become significant when the percentages of outliers in the measurements increase.   

[bookmark: _Toc47735947] Consider absolute time reporting in release 17 measurement reports

Positioning accuracy enhancements for multiple antenna panel UE
MM-waves have the benefit of allowing for larger bandwidths both in terms of what the NR-standard supports (400MHz in FR2 compared to 100MHz in FR1) and in terms of commercially available spectrum. For positioning, a larger bandwidth gives improved TOA accuracy and thus promises improved positioning accuracy. There is, however, one potential problem that could limit the positioning accuracy in FR2. In FR2, UEs typically have multiple antenna panels and the corresponding RX/TX chains may have different delays primarily due to differences in filter group delays. In Figure 7/Figure 8 the effect of TX/RX timing errors on UL/DL TDOA positioning accuracy is shown in the InF-SH scenario. Clearly, the effect is very serious when aiming for submeter accuracy. RTT accuracy will obviously be similarly affected by both RX and TX timing errors.
1. [bookmark: _Toc47735925]MM-waves has the benefit of allowing for larger bandwidths both in terms of what the NR-standard supports (400MHz in FR2 compared to 100MHz in FR1) and in terms of commercially available spectrum. For positioning a larger bandwidth gives improved TOA accuracy and thus promises significantly improved positioning accuracy. This improvement may, however, be limited by UE RX/TX timing error differences between different UE antenna panels.  In Rel. 17 UE RX/TX timing errors could potentially prevent submeter positioning accuracy.
The size of the RX/TX timing differences could depend strongly on UE building practices. One may also note that the part of such delay differences that don’t vary with time could in principle be measured and the UEs could be calibrated to take such delay differences into account. This may, however, not always be economically feasible and time varying delay differences e.g. due to temperature variations would not be captured. Pending the outcome of the ongoing work in RAN4 on requirements, we may therefore have a problem of Rel. 16 FR2 positioning not living up to accuracy expectations. If this is so, this clearly needs to be addressed in Rel. 17. The most straightforward solution would be to introduce multiple Rel. 17 UE capabilities with different requirements. A UE intended for industrial applications with requirements for high positioning accuracy could then be calibrated and/or constructed to have RX/TX timing errors fulfilling the tighter requirements.
[bookmark: _Toc47735948]Send LS to RAN4, requesting RAN4 to investigate the possibility to define two (or multiple) sets of requirements (based on UE-capabilities) for RSTD accuracy, UE RX-TX time difference accuracy and UE TX timing accuracy in order to accommodate for both general purpose eMBB UEs and for UEs requiring high (sub-meter) accuracy positioning in e.g. I-IoT scenarios.
[image: ]
[bookmark: _Ref47339780]Figure 7 UL TDOA positioning accuracy for dual UE antenna panels with a random TX timing error with a normal distribution with std  = 0, 1, 2, 4 and  8ns truncated at 2 in the InF-SH scenario. A 2-symbol comb-2 UL SRS was used at 28GHz carrier, 120kHz subcarrier spacing and 400MHz bandwidth. Positioning accuracy is severely reduced for large TX timing errors.
[image: ]
[bookmark: _Ref47340451]Figure 8 DL TDOA positioning accuracy for dual UE antenna panels with a random RX timing error with a normal distribution with std  = 0, 1, 2, 4 and  8ns truncated at 2 in the InF-SH scenario. A 2-symbol comb-2 DL PRS was used at 28GHz carrier, 120kHz subcarrier spacing and 400MHz bandwidth. Positioning accuracy is severely reduced for large RX timing errors.
It’s also possible to estimate the TX timing errors per antenna panel from TOA measurements based on separate UL SRS transmissions from multiple UE antenna panels. This requires the UE to transmit separate UL SRS’s with each antenna panel towards each TRP. The network also needs to know which antenna panel is used for each UL SRS transmission. The TX timing estimation can be done separately or as an integrated part of positioning. In the latter case the TX timing of each antenna panel is added as a new unknown in addition to the unknown UE position in the overdetermined system of equations used to estimate the UE position. The effect of such a multipanel-TX method on positioning accuracy is shown on Figure 9. The multipanel-TX performance for an 8ns rms TX timing error (normal distribution truncated at 2 sigma) is on par with normal UL TDOA with no TX timing error.
[bookmark: _Toc47735926]Joint estimation of the UE position and TX timing errors based on TX of UL SRS with multiple UE antenna panels towards each TRP results in the same positioning performance as normal UL TDOA without TX timing errors and thus solves the TX timing error problem in the InF-SH scenario.
[image: ]
[bookmark: _Ref47361342]Figure 9 UL TDOA positioning accuracy for dual UE antenna pannels with a random TX timing error with a normal distribution with std  = 0ns and  8ns truncated at 2 in the InF-SH scenario. A 2-symbol comb-2 UL SRS was used at 28GHz carrier, 120kHz subcarrier spacing and 400MHz bandwidth. Results are given both with and without multi panel transmission (with multi panel transmission is denoted as ‘multi-tx’ in the figure). Multipanel transmission allows joint estimation of the UE position and of the TX timing errors per UE antenna panel and is seen to remove the problem of TX timing errors in this scenario.
Similarly, RX-timing errors could be estimated based on separate TOA or RSTD measurements for each UE antenna panel. The assumption here, is that the UE can only receive with one antenna panel at a time and thus this requires multiple/longer DL PRSs. The RX timing estimation can be done separately or as an integrated part of positioning. In the latter case the RX timing of each antenna panel is added as a new unknown in addition to the unknown UE position in the overdetermined system of equations used to estimate the UE position. The effect of such a multipanel-RX method on positioning accuracy is shown on Figure 10. The multipanel-RX performance for an 8ns rms RX timing error (normal distribution truncated at 2 sigma) is on par with normal UL TDOA with no TX timing error.
[bookmark: _Toc47735927]Joint estimation of the UE position and RX timing errors based on separate TOA/RSTD measurements for each UE antenna panels and each TRP results in the same positioning performance as normal DL TDOA without RX timing errors and thus solves the RX timing error problem in the InF-SH scenario.
Very similar methods could obviously be used to handle RX and TX timing errors also for RTT.
In the Inf-DH scenario positioning accuracy is limited by NLOS excess delays and the impact of TX/RX timing errors is therefore not visible as can be seen in Figure 11. However, if solutions are found to handle NLOS excess delays (e.g. LOS detection), TX timing errors would become important also in the InF-DH scenario. In general, if TX/RX timing error rms is 1ns or larger it’s necessary to find new solutions to handle TX/RX timing errors in order to achieve submeter accuracy positioning.
[bookmark: _Toc47735928]If TX/RX timing error rms is 1ns or larger it’s necessary to find new solutions to handle TX/RX timing errors in order to achieve submeter accuracy positioning.
[bookmark: _Toc47735949]Study and specify methods to estimate UE RX and TX timing errors per UE antenna panel (due to filter group delays etc.) in order to enhance UL TDOA, DL TDOA and RTT positioning accuracy. Potential methods may include both reporting of what antenna panel has been used by the UE for a measurement or a SRS transmission and network control of what antenna panel the UE shall use for a measurement or a SRS transmission.
[image: ]
[bookmark: _Ref47362805]Figure 10 DL TDOA positioning accuracy for dual UE antenna panels with a random RX timing error with a normal distribution with std  = 0ns and  8ns truncated at 2 in the InF-SH scenario. A 2-symbol comb-2 DL PRS was used at 28GHz carrier, 120kHz subcarrierspacing and 400MHz bandwidth. Results are given both with and without multipanel reception (with multi panel reception is denoted as ‘multi-rx’ in the figure). Multipanel reception allows joint estimation of the UE position and of the RX timing errors per UE antenna panel and is seen to remove the problem of RX timing errors in this scenario.
[image: ]
[bookmark: _Ref47686444][bookmark: _Hlk47685831]Figure 11 DL TDOA positioning accuracy for dual UE antenna with a random TX timing error with a normal distribution with std  = 0, 1, 2, 4 and  8ns truncated at 2 in the InF-dH scenario. A 2-symbol comb-2 DL PRS was used at 28GHz carrier, 120kHz subcarrierspacing and 400MHz bandwidth. In this scenario positioning accuracy is limited by NLOS excess delays and the impact of TX timing errors is therefore not visible. However, if solutions such as LOS-detection are found to handle NLOS excess delays, TX timing errors would become important also in the INF-DH scenario.

Measurements and latency
As discussed before, measurement collection and measurement reporting time and the quality of measurements has bearing on positioning latency. 
An example to understand the latency issues, consider a UE moving with 3 m/s speed. If the positioning latency is 100 ms, the UE would have moved much beyond the required accuracy of release 17, i.e., 20 cms before having positioned itself.  
So, tighter positioning accuracy requirements in release 17 also means tightening the latency for useful cases. 
[bookmark: _Toc47735950]In order to maintain accuracy, the target latency must factor the need for tracking measurement, i.e. UE mobility.



2.3 Rel16 RS enhancements
One symbol DL PRS 
During release 16, it was agreed to support PRS with the combinations of comb size and  PRS length    is one of {2, 2},{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12}.
In the InF and IOO scenarios, one symbol is enough to achieve good coverage. During release 16, IOO was evaluated and no improvement was seen in positioning accuracy when increasing the number of symbols used. One occasion with one symbol is enough to achieve good coverage.
Moreover, in the InF and IOO scenarios, propagation delays and delay spread is so short that there is no need for comb staggering, and a large comb size can be used even with a single symbol without issues with respect to the propagation delay and delay spread. This is clearly seen in the simulation results in Figure 12, Figure 13 and Figure 14. Clearly, in order not to waste resources it should be possible to configure the number of symbols for the DL PRS resource to 1.
1. [bookmark: _Toc47735929]In the InF and IOO scenarios, there is no improvement in positioning accuracy from using more than one symbol. In order not to waste resources, the number of symbols for DL PRS Resource should be configurable to 1 in addition to the already agreed values.
[bookmark: _Toc47735951]Allow configuration of DL-PRS with any combination of comb-factor and symbol length, including symbol length 1.
[image: ]
[bookmark: _Ref47611454]Figure 12 In the InF-SH model a 1-symbol comb-12 DL PRS gives as good DL TDOA performance as a fully staggered 2-symbol comb-2 signal. No performance reduction due to the reduced measurement range of the unstaggered comb-12 signal can be seen.
[image: ]
[bookmark: _Ref47611456]Figure 13 In the InF-DH model a 1-symbol comb-12 DL PRS gives as good DL TDOA performance as a fully staggered 2-symbol comb-2 signal. No performance reduction due to the reduced measurement range of the unstaggered comb-12 signal can be seen.



[bookmark: _Toc16867193][bookmark: _Toc16870384][image: ]
[bookmark: _Ref47611458]Figure 14 In the IOO scenario no improvement in positioning accuracy is seen when increasing the number of symbols used for the PRS resource. One occasion with one symbol is enough to achieve good coverage. 
In Rel. 16 some companies have expressed concerns that channel peaks with delays larger than the measurement range can be mis-detected as the first peak when non-staggered or partially staggered signals are used. We haven’t seen any effect of this on positioning performance neither in the InF-models nor in the IOO model. We note, however, that with a different channel one could potentially see such effects. Channel peaks with very large delays are, however, very much suppressed compared to the strongest peak. It’s therefore possible to avoid such mis-detection by utilizing a threshold relative to the strongest peak. We see in Figure 15 and Figure 16 that we can set such a threshold at 20dB below the strongest peak without having any effect on positioning performance. A relative threshold 20dB below the strongest peak would clearly remove the potential problem with channel peaks with delays beyond the measurement range.
[bookmark: _Toc47735930]A threshold relative to the strongest peak for the UE search of the first peak could be used to avoid misdetecting a channel peak with delay outside the TOA measurement range as the first peak. The use of such a threshold, 20dB below the strongest peak isn’t seen to give any reduction in positioning performance in the InF-scenarios.
The suitable level for the relative threshold factor relative to the strongest peak could depend on the scenario and the exact configuration of DL-PRS’s. We therefore propose that this threshold factor is signaled to the UE. The DL RSTD and UE RX-TX time difference measurements would then be based on the first identified peak which is stronger than the strength of the strongest peak multiplied with the relative threshold factor.
[bookmark: _Toc47735952][bookmark: _Hlk47612365]Introduce signaling of a threshold relative to the strongest peak for the UE search of the first peak and define the DL RSTD and UE RX-TX time difference measurements based on the first identified peak which is stronger than the strength of the strongest peak multiplied with the signaled relative threshold factor.
[image: ]
[bookmark: _Ref47611638][bookmark: _Hlk47610389]Figure 15 The use of a threshold relative to the strongest peak in the UE search of the first peak give no reduction in positioning performance even with a relative threshold factor as large as 0.01 (i.e. a threshold 20dB below the strongest peak). Such a threshold would effectively avoid misdetecting channel peaks with delays beyond the measurement range as the first peak. Note, that in the InF-SH scenario we don’t actually see any problem from channel peaks with delays beyond the measurement range. Even if no threshold relative to the strongest peak is used (R=0) we see very good performance.
[image: ]
[bookmark: _Ref47611641]Figure 16 The use of a threshold relative to the strongest peak in the UE search of the first peak give no reduction in positioning performance even with a relative threshold factor as large as 0.01 (i.e. a threshold 20dB below the strongest peak). Such a threshold would effectively avoid misdetecting channel peaks with delays beyond the measurement range as the first peak. Note, that in the InF-DH scenario we don’t actually see any problem from channel peaks with delays beyond the measurement range. Even if no threshold relative to the strongest peak is used (R=0) we see very good performance.
We note that in the search for the first peak the UE may also utilize other thresholds, e.g. a threshold relative to an estimated noise level to avoid noise peaks and a delay dependent thresholds relative to already identified peaks to avoid sidepeaks as sketched in Figure 17. It could be useful to be able to control also these thresholds depending on scenario and configurations. We therefore propose that RAN1 studies the benefits of the control of thresholds for the first peak search of the UE.
[bookmark: _Toc47735953]RAN1 to study network control of thresholds for the UE search for the first peak including threshold relative to the estimated noise level (aimed at avoiding noise peaks), threshold relative to the strongest peak (aimed at avoiding channel peaks with delay longer than the measurement range) and delay dependent thresholds (aimed at avoiding side peaks).

[image: ]
[bookmark: _Ref47608694]Figure 17 In the search for the first peak the UE may utilize, multiple thresholds, e.g. a threshold relative to the estimated noise level to avoid noise peaks, a threshold relative to the strength of the strongest peak to avoid peaks with delays larger than the measurement range, and delay dependent peaks to avoid side peaks.
Cyclic shift based orthogonality for PRS
Cyclic shifts is a well-established technique to generate delay tolerant orthogonal signals which is already used both in NR and in LTE. Using N cyclically shifted signals requires propagation delays and delay spread to be smaller than the useful OFDM symbol time divided by N. The number of orthogonal signals that can be generated based on cyclic shifts is thus strongly dependent on the scenario.  In our contribution [4] we present a proposal for supporting cyclic shifts for positioning as well as other potential improvements for the PRS.

[bookmark: _Toc7814206][bookmark: _Toc16867202][bookmark: _Toc16870679][bookmark: _Toc47735954]cyclic shifts for DL PRS is considered in rel17, with configurable cyclic shifts and configurable maximum number of cyclic shift.  
 
Cyclic shifts larger than the OFDM symbol time divided by the comb factor for the SRS.
 The positioning error performance of the SRS was evaluated with a comb 2 and 8 cyclic shifts using the release 16 baseline. Each drop of UEs is done such that all UEs in the same cell are allocated an orthogonal resource.  
The baseline result was compared with two potential improvements. First the allocation of cyclic shift is done so that the distance between cyclic shifts in time is maximized over the SRS resource (compared to over the srs symbol in rel16). Second the sequence generation is done per resource instead of per symbol in rel16.   In Figure 18, we show that the performance improves greatly by changing the way cyclic shifts are assigned to maximize the distance between cyclic shifts. The reason for this improvement is a reduction of the amount of ISI generated by the delay spread of the channel overlapping between users on the same comb and only separated by cyclic shift. The gain in performance is around 12 meters in the 90th percentile.  Moreover, additional improvement can be obtained by extending the SRS ZC sequence to span the whole resource instead of a single symbol.  

1. [bookmark: _Toc37449649][bookmark: _Toc47735931]The separation between cyclic shifts is a limiting factor in performance of the rel16 SRS for positioning
When the gnodeB receives SRS for UL RTOA measurement, it will utilise the whole SRS resource to maximize the TOA range, i.e. it will collapse all symbol in the resource into a single symbol with TOA Range .  Currently, each of the symbols in the SRS resource are generated independently with distinct ZC low-PAPR sequences. When using each symbol with the same comb offset (rel15 legacy behavior), this allows some diversity between symbol and is desirable. However, when the different symbols in the resource have a different comb offset, the whole resource will be used to measure the TOA. In that case, the whole resource cross correlation should be optimized.   

1. [bookmark: _Toc37449650][bookmark: _Toc47735932]The cross correlation  between SRS resources is a limiting factor in performance of the rel16 SRS for positioning

[image: ]
[bookmark: _Ref47699258]Figure 18 Performance of release 16 SRS for positioning baseline (yellow curve) and proposed enhancements to the cyclic shift implementation (blue curve) and to the ZC sequence length (red line) 

 The allocation of cyclic shifts over a combed signal such as the SRS folds the cyclic shift range within the comb duration, so that the time-domain representation of the cyclic shift is periodic with period . In the legacy rel-15 SRS, the cyclic shift is applied to each symbol equally. Figure 19 illustrates how the cyclic shift is applied on the frequency grid.
[image: ]
[bookmark: _Ref47699290][bookmark: _Ref31960020]Figure 19 Cyclic shift allocation for SRS. In this example, the resource spans 4 symbols. 
While this is the correct behavior for the non-staggered SRS comb, it should be modified when a fully or partially staggered pattern is used, to utilize the full range of the comb-1 equivalent symbol obtained by the combination of all symbols in the SRS resource.  One way to resolve this is to have the sequence distributed over the full SRS resource so that each symbol in the pattern features a part of the cyclic shift sequence.  Doing so would space each SRS resource every  instead of   in rel15. 

The current implementation of cyclic shift for SRS is as follow [38.211]:

For SRS bandwidth covering more than 36 active subcarriers (based on the size of the comb, the corresponding bandwidth is (6PRBs for comb 2,12 PRB for comb 4, 24PRBs for comb 8), the SRS is using a  Zadoff Chu (ZC) base sequence. Shorter base sequences use computer generated sequences (CGS).  The sequence is then mapped onto to the time-frequency grid, accounting for the comb size with 

where and is the comb factor. The SRS is then mapped on the time frequency grid as:


where length of the sounding reference signal sequence is given by

where   is the bandwidth allocation in number of PRBs,   is the PRB size. 

As mentioned earlier, the current implementation of the CS multiplexes different shifts over a time span of , so that each cyclic shift is equally spaced by   .  This is inefficient as we could either extend the space between cyclic shifts to improve separation between signals, or extend the number of multiplexed signals while keeping the same separation between signals. 
In Figure 20, we show a possible allocation that would extend the space between cyclic shifts by utilizing the whole duration of the comb-1 equivalent SRS.
[image: ][image: ]
[bookmark: _Ref31961750]Figure 20 Allocation of cyclic shifts to utilize the full duration of the SRS symbol

To utilize the extended range from the staggered SRS resource, the SRS equation for sequence generation needs to be made dependent of both the frequency index  and the symbol index, so that the generated sequence  spans the whole resource bandwidth : 
	
	(1)





[bookmark: _Toc24126044][bookmark: _Toc37449652][bookmark: _Toc47735955]The cyclic shift of  the UL SRS with staggered pattern can be configured to be 1) the same in each symbol, according to REL-15 behavior or 2)  per SRS resource, across all symbols in the SRS resource, according to equation 1 above

We note that for some channel, the number of available cyclic shifts could be increased and therefore the number of multiplexed UEs could be increased. Once the cyclic shift allocation of the SRS for positioning is fixed, the distance between CS in the time domain is  . the current maximum number of allocated cyclic shift  is linked to the comb size. However in channels wih short delay spreads such as in an indoor factory settings, the system could benefit from an increased number of available shifts. Therefore, it is proposed to make  configurable.
[bookmark: _Toc47735956]The maximum number of available cyclic shifts  for the SRS for positioning is configurable by the gNodeB as part of the RRC configuration.
Support of rel15 signals and Rel-16 based Single-DCI based Multi-TRP 
Rel-17 is to a large extent is focused on the indoor industrial scenarios. In these scenarios one gNB could control all TRPs in the industry hall. This fact opens for re-use of the Rel. 16 mechanisms for single-DCI based Multi-TRP which makes DCI -triggering of signals possible from different TRPs and allows for on-demand positioning signals from different TRPs. Since the gNB has control over all UEs and all TRPs this can be done without any need for excessive and latency inducing signaling. In the single gNB setting, on-demand positioning signals could allow for low latency and/or reduced positioning overhead.
Another possibility discussed already in Rel. 16 is to re-use signals that are anyhow transmitted for communication purposes for positioning. This removes the positioning overhead. Since the candidate communication signals are typically transmitted with high periodicity, it also allows for low latency.
Reduced latency and/or singling overhead assuming Rel-16 based Single-DCI based Multi-TRP 
In NR rel-16, single DCI based Multi-TRP features were specified as part of the Rel-16 eMIMO work item.  In these features, the DCI can be originating from one TRP while different PDSCH transmissions (i.e., either different set of layers or different PDSCH transmission occasions) may be transmitted from different TRPs.  An example scenario as shown in Figure 21.  In these features, it is assumed that multiple TRPs belong to the same serving cell.  This allows a DCI transmitted from one TRP to schedule a PDSCH transmission from one or more other TRPs that belong to the same serving cell as the TRP that transmits the DCI.  In addition to scheduling PDSCH transmission from other TRPs, the DCI sent from one TRP can also trigger reference signal transmissions from other TRPs.   
Note that this architecture is typical in IIoT scenarios and this fact can be exploited to achieve reduced latency.  For instance, since the multiple TRPs belong to the same serving cell, the serving cell gNB can configure the UE with multiple reference signals corresponding to different TRPs.  The key benefit here is that since the multiple TRPs belong to the same serving cell delays associated with configuring the UE with positioning reference signals transmitted from neighbour cells can be avoided.

[bookmark: _Toc47735957]Assume Rel-16 single-DCI based Multi-TRP architecture for IIoT scenario in order to reduce latency associated with positioning.

[image: ]
[bookmark: _Ref47700036]Figure 21.  an example of single-DCI based multi-TRP architecture

Configuration of positioning measurement reporting via RRC 
For a scenario with multiple TRPs belonging to a single serving cell (see Figure 21) and using the existing reference signals such as TRS or CSI-RS for positioning, the related reference signal configurations are provided to UE via RRC. Hence, it is also natural to extend the positioning measurement reports to be configured via RRC as well.  The positioning measurements can then be reported via either L2 or L3 signaling which is beneficial from the perspective of reducing latency.

[bookmark: _Toc47735958]In Rel-17 positioning, consider configuration of positioning measurement reports via RRC to reduce latency.

Tracking Reference Signal (TRS)
 During release 16 we proposed to consider TRS for positioning. The configuration of the CSI-RS for tracking, also referred to as the TRS (Tracking Reference signal) is described in section 5.1.6.1.1 on CSI-RS for tracking in TS 38.214 [2] and in section 7.4.1.5 on CSI reference signals in TS 38.211 [3].The TRS is RRC configured as resource set by NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info. The NZP CSI-RS resource set consists of two or four CSI-RS resources each consisting of one single symbol. 
 The TRS is transmitted in periodic bursts that are one or two slots long. The periodicity is 10ms, 20ms, 40ms or 80ms and the position of the bursts in time is configurable with a slot offset with 1 slot granularity. The TRS has a comb-4 pattern in frequency, which can be frequency shifted across base stations. This allows received base station’s signals to be orthogonal. For additional interference immunity it is possible to shift the symbol pattern of the TRS in time within a slot or by utilizing different slot offsets for the TRS bursts. The TRS is scrambled with a 31-bit Gold sequence. 

1. [bookmark: _Toc532223453][bookmark: _Toc528937753][bookmark: _Toc528933408][bookmark: _Toc534992054][bookmark: _Toc534992615][bookmark: _Toc534993081][bookmark: _Toc535002591][bookmark: _Toc1164789][bookmark: _Toc5008698][bookmark: _Toc47735933]The resource allocation scheme of the TRS allows orthogonal transmission from neighboring base stations utilizing both frequency and time multiplexing. Simultaneously, the use of Gold codes provides additional interference immunity.
For a given UE the TRS shall be configured to be larger than or equal to 50RB (up to the full system bandwidth) or equal to the UE BWP. In practice the bandwidth of the CSI-RS for tracking transmitted in a cell and shared among UE’s with different BWPs is therefore between 50RB and the full system bandwidth.
1. [bookmark: _Toc532223454][bookmark: _Toc528937754][bookmark: _Toc528933409][bookmark: _Toc534992055][bookmark: _Toc534992616][bookmark: _Toc534993082][bookmark: _Toc535002592][bookmark: _Toc1164790][bookmark: _Toc5008699][bookmark: _Toc47735934]The bandwidth of the TRS is configurable up to the full system bandwidth.
As mentioned earlier, the TRS is UE-specifically configured. It can, however, be configured in an identical way for all connected UE’s in a cell. This means that all connected UE’s in a cell may share the same transmitted TRS, allowing a highly efficient use of reference signal in terms of overhead. Such a TRS would always be transmitted as long as there is at least one connected UE in the cell. Clearly, it is natural to try to utilize such an almost always on signal, designed for fine time tracking, also for positioning purposes. 
In Rel. 15 the TRS is only used for fine frequency and time tracking and the UE is only utilizing the TRS transmitted from its serving cell. For positioning the UE needs to utilize also the TRS transmitted from other cells. In order to accomplish that the location server would configure UEs with a number of positioning reference signals with identical properties (utilized time-frequency resources, scrambling sequence etc.) as the TRS’s transmitted from the transmission points to be used by the UE for positioning. The TRS in a cell would then need to be transmitted as long as there is at least one connected UE in the cell or at least one UE configured to utilize the TRS for positioning. The TRS is typically transmitted for fine tracking purposes with a periodicity of 10 ms, 20ms, 40ms, or 80 ms. If positioning would work sufficiently well with a longer periodicity than what is used for fine tracking purposes the location server could configure UEs with a positioning signal with identical properties as the TRS except that it would have a period that would be a multiple of the TRS period. Then, only a fraction of the TRS bursts can be used for positioning, but energy can be saved by reducing the number of TRS bursts transmitted when there is no connected UE in a cell.
In comparison with the SS-block we note that the TRS has better orthogonality properties and a larger bandwidth. We also note that the TRS utilizes more subcarriers per symbol than PSS/PBCH DMRS/SSS+PBCH DMRS/PBCH DMRS in the four symbols of the SS-block. Clearly the CSI-RS for tracking is superior for positioning purposes.
A key factor for the coverage of a positioning reference signal is the average number of symbols used per time unit for the signal, since that together with the output power of the gNB and the symbol length gives the average power utilized for the positioning reference signal. For the TRS the number of symbols per time is given by  where TTRS is the TRS burst periodicity and NTRS is the burst length which can be one or two slots. For comparison, the number of symbols per time for the LTE PRS is  where TPRS is the PRS periodicity and NPRS is the PRS duration which can be 1, 2, 4 or 6 LTE subframes. We note that a 2 slot TRS with 20ms periodicity utilize four times as many symbols per time unit as a PRS with 160ms periodicity and 1 subframe duration.
The considered configurations are given in Table 1 for FR1 and in Table 2 for FR2. At high frequencies the TRS will typically be beamformed and we consequently propose a configuration with multiple beams for FR2. One may note that the use of beams gives additional information on Angle of Departure (AoD) that can be of used for positioning.
1. [bookmark: _Toc532223455][bookmark: _Toc528937755][bookmark: _Toc528933410][bookmark: _Toc534992056][bookmark: _Toc534992617][bookmark: _Toc534993083][bookmark: _Toc535002593][bookmark: _Toc1164791][bookmark: _Toc5008700][bookmark: _Toc47735935]The transmission of the TRS in multiple beams gives additional information on Angle of Departure (AoD) that can be utilized for positioning purposes.
Since the TRS is a comb-4 signal, the power can be concentrated to the TRS resource elements, enabling a 6 dB power boosting. As mentioned in section 3.1.4, comb 4 has a limited unaliased TOA estimation range (compared to comb-1). However, with inter-site distances as stated in the scenarios of interest,  the limitation still allows to measure TOA for UMa, UMi and indoor scenarios for cells up to 3 ISDs away from the serving cell. Therefore, the comb-4 structure should not be seen as a limiting factor for the effective range of the TOA/positioning estimation. 
1. [bookmark: _Toc532223456][bookmark: _Toc528937756][bookmark: _Toc528933411][bookmark: _Toc534992057][bookmark: _Toc534992618][bookmark: _Toc534993084][bookmark: _Toc535002594][bookmark: _Toc1164792][bookmark: _Toc5008701][bookmark: _Toc47735936]The comb-4 structure of TRS enables a 6 dB power boosting if the power is concentrated to the TRS resource elements.
Note that a TRS doesn’t utilize all symbols in a slot. The remaining symbols would be used for data transmission and communication related control signaling and/or for the transmission of multiple extended TRSs within one slot. In particular for FR2, it may be effective to send multiple beamformed TRSs within one slot.

[bookmark: _Toc528933425]Table 1. Example configurations for the TRS (CSI-RS for tracking) in FR1
	TRS bandwidths
	 System Bandwidth 

	Comb factor
	4

	Subcarrier offset
	0,1,2 or 3.

	Symbol positions in a burst of the CSI-RS for tracking
	 (4,8), (5,9) or (6,10)

	TRS burst Slot offset  within the TRS periodicity
	Alt. 1. Same in all cells
Alt.2, Different in all cells (corresponding to ideal muting in LTE PRS simulations)

	Number of CSI-RS for tracking configured in each cell (i.e. number of beams).
	1

	Periodicity
	Flexible in the set {20, 40, 80, 160} ms

	Burst length
	Two slots

	Sequence
	Gold sequence according to NR specification for CSI-RS

	Power boosting of TRS REs
	6 dB



[bookmark: _Hlk525887939]Table 2 Example configurations for the CSI-RS for tracking in FR2
	Bandwidth
	 System Bandwidth.

	Comb factor
	4

	Subcarrier offset
	0,1,2 or 3.

	Symbol positions in a CSI-RS burst
	four different symbol positions.

	Slot offset
	Alternative 1: three different slot offsets {Allowing 12 beams + reuse 4 in combination with subcarrier offset and symbol positions}
Alternative 2: six different slot offsets {Allowing 12 beams + reuse 8 in combination with subcarrier offset and symbol positions}
Alternative 3: twelve different slot offsets {Allowing 12 beams + reuse 12 in combination with subcarrier offset and symbol positions}
Alternative 4: Different in all cells (corresponding to ideal muting in LTE PRS simulation)

	Number of CSI-RS for tracking configured in one cell (i.e. number of beams).
	12

	Periodicity
	Flexible in the set {20, 40, 80, 160} ms

	Burst length
	One slot

	Sequence
	Gold sequence according to NR specification for CSI-RS

	Power boosting of TRS REs
	6 dB




If the TRS doesn’t give sufficiently good positioning accuracy one could augment the TRS with additional time frequency resources. The location server would then configure the UE with a number of positioning reference signals transmitted from different cells.

One simple example would be to add resources corresponding to an additional TRS shifted in time and frequency relative the base TRS as illustrated in Figure 22. This will add additional energy to the signal and enhances TOA estimation range to half of the full range. We note that 50% of the power and RE resources come from the base TRS that has to be transmitted for communication purposes, so the resource saving is substantial.

In Figure 23 another example is given where the extension takes the form of six additional TRSs shifted in time and frequency relative the base TRS. This will add even more additional energy to the signal and also give full range. We note that 25% of the power and RE resources come from the base TRS that has to be transmitted for communication purposes. The resource saving is thus smaller but still significant.

1. [bookmark: _Toc535002595][bookmark: _Toc1164793][bookmark: _Toc5008702][bookmark: _Toc47735937]Extended TRS can increase TOA estimation accuracy and range compared to the basic TRS.
An extended TRS typically doesn’t utilize all symbols in a slot. The remaining symbols would be used for data transmission and communication related control signaling and/or for the transmission of multiple extended TRSs within one slot. In particular for FR2, it may be effective to send multiple beamformed extended TRSs within one slot.

1. [bookmark: _Toc532223457][bookmark: _Toc534992058][bookmark: _Toc534992619][bookmark: _Toc534993085][bookmark: _Toc535002596][bookmark: _Toc1164794][bookmark: _Toc5008703][bookmark: _Toc47735938]Extended TRS can be setup within PDSCH traffic or in a slot dedicated to TRS and positioning signals.
Note that there is nothing that restricts extensions to have the same form as the TRS itself. Other patterns and sequences could very well be considered.

[bookmark: _Toc47735959]TRS is a candidate for positioning in release 17. 
[image: ]
[bookmark: _Ref534533982]Figure 22 Example of time-frequency pattern for an extended two slot TRS. Here the TRS REs are colored blue while the extension RE’s are colored pink. In this example the extension can be viewed as a second TRS, shifted in time and frequency relative to the base TRS.
[image: ]
[bookmark: _Ref534535143]Figure 23 Example of time-frequency pattern for an extended two slot TRS. Here the TRS REs are colored blue while the extension RE’s are colored pink. In this example the extension can be viewed as six additional TRSs, shifted in time and frequency relative to the base TRS.
Rel15 SRS
During RAN1#99 The support of rel15 SRS was agreed for uplink methods:
	Agreement:  
Support reuse of Rel-15 SRS resource set for NR UL RTOA, AoA and gNB RSRP measurements for positioning in NR.
· Note: There is no impact to specifications managed by RAN1
· Note: There is no impact to specifications managed by RAN4 for UE requirements
· Note: No new UE behaviour is expected


We note that adding support for RTT in the serving cell does not have any impact to RAN1 specification, as the measurements and the signals are already defined. We therefore propose to add support for gNb RxTx and UE RxTx measurements based on rel-15 SRS.
[bookmark: _Toc32609422][bookmark: _Toc47735960]Support reuse of Rel-15 SRS resource set for gNB Rx-Tx and UE Rx-Tx measurements for positioning in NR.
[bookmark: _Toc32609423][bookmark: _Toc47735961]Send an LS to RAN4 regarding UE Rx-Tx requirements
[bookmark: _Toc32609424][bookmark: _Toc47735962]Note: There is no impact to specifications managed by RAN1  


3 Conclusion
In the previous sections we made the following observations: 
Observation 1	The mean NLOS excess delay in the InF models is 48.3ns corresponding to 14.5m. NLoS links will thus rarely contribute constructively to meter or submeter accuracy positioning.
Observation 2	LOS detection can ideally bring more than a 10 folds improvement in positioning accuracy.
Observation 3	LOS peak is always the first peak in power delay profile of the received signal for a LOS link.
Observation 4	A NLOS peak can also be a first prominent peak in a delay profile. But it appears along with smaller surrounding peaks and other components of delay profile generated from diffusely scattered signal before and after the NLOS prominent peak.
Observation 5	Rise of LOS highest peak is very sharp. Rise of NLOS highest peak is typically very gradual.
Observation 6	MM-waves has the benefit of allowing for larger bandwidths both in terms of what the NR-standard supports (400MHz in FR2 compared to 100MHz in FR1) and in terms of commercially available spectrum. For positioning a larger bandwidth gives improved TOA accuracy and thus promises significantly improved positioning accuracy. This improvement may, however, be limited by UE RX/TX timing error differences between different UE antenna panels.  In Rel. 17 UE RX/TX timing errors could potentially prevent submeter positioning accuracy.
Observation 7	Joint estimation of the UE position and TX timing errors based on TX of UL SRS with multiple UE antenna panels towards each TRP results in the same positioning performance as normal UL TDOA without TX timing errors and thus solves the TX timing error problem in the InF-SH scenario.
Observation 8	Joint estimation of the UE position and RX timing errors based on separate TOA/RSTD measurements for each UE antenna panels and each TRP results in the same positioning performance as normal DL TDOA without RX timing errors and thus solves the RX timing error problem in the InF-SH scenario.
Observation 9	If TX/RX timing error rms is 1ns or larger it’s necessary to find new solutions to handle TX/RX timing errors in order to achieve submeter accuracy positioning.
Observation 10	In the InF and IOO scenarios, there is no improvement in positioning accuracy from using more than one symbol. In order not to waste resources, the number of symbols for DL PRS Resource should be configurable to 1 in addition to the already agreed values.
Observation 11	A threshold relative to the strongest peak for the UE search of the first peak could be used to avoid misdetecting a channel peak with delay outside the TOA measurement range as the first peak. The use of such a threshold, 20dB below the strongest peak isn’t seen to give any reduction in positioning performance in the InF-scenarios.
Observation 12	The separation between cyclic shifts is a limiting factor in performance of the rel16 SRS for positioning
Observation 13	The cross correlation  between SRS resources is a limiting factor in performance of the rel16 SRS for positioning
Observation 14	The resource allocation scheme of the TRS allows orthogonal transmission from neighboring base stations utilizing both frequency and time multiplexing. Simultaneously, the use of Gold codes provides additional interference immunity.
Observation 15	The bandwidth of the TRS is configurable up to the full system bandwidth.
Observation 16	The transmission of the TRS in multiple beams gives additional information on Angle of Departure (AoD) that can be utilized for positioning purposes.
Observation 17	The comb-4 structure of TRS enables a 6 dB power boosting if the power is concentrated to the TRS resource elements.
Observation 18	Extended TRS can increase TOA estimation accuracy and range compared to the basic TRS.
Observation 19	Extended TRS can be setup within PDSCH traffic or in a slot dedicated to TRS and positioning signals.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The network should configure values P and Q for the measurements to be performed and reported by the UE, where P is the number of paths and Q is the number of beams.
Proposal 2	Magnitude, SNR, Doppler frequency, angle of arrival of every path should be reported.
Proposal 3	It shall be unambiguously defined what additional paths a UE shall report.
Proposal 4	LOS detection mechanisms should be studied within the Rel. 17 positioning enhancement study item.
Proposal 5	Following measurements should be specified in Rel-17. These measurements can be part of rich reporting.
a.	Location and magnitude of the first peak.
b.	Location and magnitude of the highest peak.
c.	Components of PDP/CIR around first/highest peak.
Proposal 6	Consider absolute time reporting in release 17 measurement reports
Proposal 7	Send LS to RAN4, requesting RAN4 to investigate the possibility to define two (or multiple) sets of requirements (based on UE-capabilities) for RSTD accuracy, UE RX-TX time difference accuracy and UE TX timing accuracy in order to accommodate for both general purpose eMBB UEs and for UEs requiring high (sub-meter) accuracy positioning in e.g. I-IoT scenarios.
Proposal 8	Study and specify methods to estimate UE RX and TX timing errors per UE antenna panel (due to filter group delays etc.) in order to enhance UL TDOA, DL TDOA and RTT positioning accuracy. Potential methods may include both reporting of what antenna panel has been used by the UE for a measurement or a SRS transmission and network control of what antenna panel the UE shall use for a measurement or a SRS transmission.
Proposal 9	In order to maintain accuracy, the target latency must factor the need for tracking measurement, i.e. UE mobility.
Proposal 10	Allow configuration of DL-PRS with any combination of comb-factor and symbol length, including symbol length 1.
Proposal 11	Introduce signaling of a threshold relative to the strongest peak for the UE search of the first peak and define the DL RSTD and UE RX-TX time difference measurements based on the first identified peak which is stronger than the strength of the strongest peak multiplied with the signaled relative threshold factor.
Proposal 12	RAN1 to study network control of thresholds for the UE search for the first peak including threshold relative to the estimated noise level (aimed at avoiding noise peaks), threshold relative to the strongest peak (aimed at avoiding channel peaks with delay longer than the measurement range) and delay dependent thresholds (aimed at avoiding side peaks).
Proposal 13	cyclic shifts for DL PRS is considered in rel17, with configurable cyclic shifts and configurable maximum number of cyclic shift.
Proposal 14	The cyclic shift of  the UL SRS with staggered pattern can be configured to be 1) the same in each symbol, according to REL-15 behavior or 2)  per SRS resource, across all symbols in the SRS resource, according to equation 1 above
Proposal 15	The maximum number of available cyclic shifts  for the SRS for positioning is configurable by the gNodeB as part of the RRC configuration.
Proposal 16	Assume Rel-16 single-DCI based Multi-TRP architecture for IIoT scenario in order to reduce latency associated with positioning.
Proposal 17	In Rel-17 positioning, consider configuration of positioning measurement reports via RRC to reduce latency.
Proposal 18	TRS is a candidate for positioning in release 17.
Proposal 19	Support reuse of Rel-15 SRS resource set for gNB Rx-Tx and UE Rx-Tx measurements for positioning in NR.
Proposal 20	Send an LS to RAN4 regarding UE Rx-Tx requirements
Note: There is no impact to specifications managed by RAN1

4 [bookmark: _In-sequence_SDU_delivery]References
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