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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 state that as a first priority, the study should focus on enhancing the different positioning techniques, DL/UL positioning reference signals, signalling and procedures that were developed during release 16 as a first priority, and that new techniques will not be considered if enhancements are sufficient to meet the requirements of release 17[1].  In this contribution, we present a list of potential enhancements based on the release 16 features. 
2.2 Measurement and reporting enhancements
DL- LOS detection 
In all timing-based positioning methods, additional random bias due to non-line-of-sight condition deteriorates performance of position estimation. 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 crucial in meeting the requirements. Below in Fig.1, we have shown a comparative performance of ideal LOS detection and no LOS detection. As can be seen from Fig.1, genie line-of-sight detection provides significant improvement in positioning performance compared to the case without any information on which 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 fold improvement in positioning accuracy. We propose that LOS detection mechanisms are studied within the Rel. 17 positioning enhancement study item.

1. [bookmark: _Toc40361159][bookmark: _Toc40483257]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: _Toc40483258]LOS detection can ideally bring more than a 10 fold improvement in positioning accuracy.
[bookmark: _Toc40483248]LOS detection mechanisms should be studied within the Rel. 17 positioning enhancement study item.


[image: ]
Figure 1  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.
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.
[bookmark: _Toc40483249] Consider absolute time reporting in release 17 measurement reports

UE multiple antenna Panel support / RTT accuracy enhancement 
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. The size of such delay 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, we think it should be addressed in Rel. 17. The most straightforward solution would be to introduce multiple Rel. 17 UE capabilities with different requirements. In addition, it should be possible for the UE to measure and account for RX timing differences based on a signal, e.g. a repeated DL PRS, received by multiple UE antenna panels. Likewise, it should be possible for the network to measure and account for timing differences in UL signals (e.g SRSs) transmitted from the same UE using multiple UE antenna panels. We propose that methods to reduce the impact of UE filter group delays on positioning accuracy are studied in Rel. 17 aiming at improved accuracy requirements for the UE RSTD measurement as well as for the UE Rx-Tx Time difference measurements and at tightened UE TX timing requirements.

1. [bookmark: _Toc40483259]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.

[bookmark: _Toc40483250]Methods to reduce the impact of UE filter group delays on positioning accuracy should be studied in Rel. 17 aiming at improved accuracy requirements for the UE RSTD measurement as well as for the UE Rx-Tx Time difference measurements and at tightened UE TX timing requirements.
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 IOO and InF 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 IOO scenario, 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. Clearly, in order not to waste resources it should be possible to configure the number of symbols for the DL PRS resource to 1.   Similar observation can be done regarding the indoor factory model  which feature a  hall size up up to 300 meters that can be resolved with a single symbol combed PRS. The comb size to use depends on the combination of delay spread  and SCS.

1. [bookmark: _Toc16870383][bookmark: _Toc40483260]In the indoor scenarios (IOO, InF), 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: _Toc16867193][bookmark: _Toc16870384][image: ]
Figure 2 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. 
 
[bookmark: _Toc40483251]Consider the use of 1-symbol PRS for  comb sizes available in release 16.
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 [3] 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: _Toc40483252]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. The proposed solutions are given in section 2.2 and 2.3. in Figure 1, 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: _Toc40483261]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: _Toc40483262]The cross correlation  between SRS resources is a limiting factor in performance of the rel16 SRS for positioning
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Figure 3 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 2 illustrates how the cylic shift is applied on the frequency grid.
[image: ]
[bookmark: _Ref31960020]Figure 4 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 5, 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 5 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: _Toc40483253]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


Support of rel15 signals
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: _Toc40483263]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: _Toc40483264]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: _Toc40483265]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: _Toc40483266]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 6. 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 7 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: _Toc40483267]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: _Toc40483268]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.
[image: ]
[bookmark: _Ref534533982]Figure 6 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 7 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: _Toc40483254]Support reuse of Rel-15 SRS resource set for gNB Rx-Tx and UE Rx-Tx measurements for positioning in NR.
[bookmark: _Toc32609423][bookmark: _Toc40483255]Send an LS to RAN4 regarding UE Rx-Tx requirements
[bookmark: _Toc32609424][bookmark: _Toc40483256]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 fold improvement in positioning accuracy.
Observation 3	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.
Observation 4	In the indoor scenarios (IOO, InF), 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 5	The separation between cyclic shifts is a limiting factor in performance of the rel16 SRS for positioning
Observation 6	The cross correlation  between SRS resources is a limiting factor in performance of the rel16 SRS for positioning
Observation 7	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 8	The bandwidth of the TRS is configurable up to the full system bandwidth.
Observation 9	The transmission of the TRS in multiple beams gives additional information on Angle of Departure (AoD) that can be utilized for positioning purposes.
Observation 10	The comb-4 structure of TRS enables a 6 dB power boosting if the power is concentrated to the TRS resource elements.
Observation 11	Extended TRS can increase TOA estimation accuracy and range compared to the basic TRS.
Observation 12	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	LOS detection mechanisms should be studied within the Rel. 17 positioning enhancement study item.
Proposal 2	Consider absolute time reporting in release 17 measurement reports
Proposal 3	Methods to reduce the impact of UE filter group delays on positioning accuracy should be studied in Rel. 17 aiming at improved accuracy requirements for the UE RSTD measurement as well as for the UE Rx-Tx Time difference measurements and at tightened UE TX timing requirements.
Proposal 4	Consider the use of 1-symbol PRS for  comb sizes available in release 16.
Proposal 5	cyclic shifts for DL PRS is considered in rel17, with configurable cyclic shifts and configurable maximum number of cyclic shift.
Proposal 6	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 7	Support reuse of Rel-15 SRS resource set for gNB Rx-Tx and UE Rx-Tx measurements for positioning in NR.
Proposal 8	Send an LS to RAN4 regarding UE Rx-Tx requirements
Note: There is no impact to specifications managed by RAN1
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