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Introduction
In this contribution, we presented our view on potential positioning enhancement for Rel-17.

DL PRS enhancements
Partial staggering and non-staggering PRS pattern
Evaluation results in [4] have shown that the 1-symbol PRS with comb 12 does not affect the positioning accuracy for InH case. Using 1-symbol PRS with comb 12 or comb 4 will allow reuse of CSI-RS for RRM or TRS from the network side, thus increasing network efficiency. In addition, the reduced number of symbols will provide a more compact PRS transmission scheme using fewer slots, reducing latency as well as UE buffering effort.
We propose to support 1-symbol PRS at least for comb 12 and comb 4.
Proposal 1: Rel-17 should support 1-symbol PRS at least for comb 12 and comb 4.

SSB and PRS multiplexing
We have agreed in Rel-16 [1] on the following behavior regarding PRS multiplexing with other DL reference signals and channels: 
	Agreement:
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH
· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols
· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)
Agreement:
In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, at least in FR2, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE. Behaviour in FR1 is up to RAN4 to decide.
Include this agreement in an LS to RAN4.
Agreements:
FR1: 
· UE behavior on scheduling restriction in FR1 shall be the same as agreed for FR2.
FR2:
· UE behavior on scheduling restriction in FR2 is according to the following RAN1 agreements:
· “In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE.”
· Impact of the above rule on the scheduling restriction on PRS based measurement requirements and the priority between data and measurement in RAN4 spec are FFS.
· If any problem is identified by RAN4 then how to resolve it is FFS.



It is very challenging to meet the tight latency requirement for both positioning and other communication services if such a restriction is still applied. Possible enhancement to relax such a restriction is crucial for the IIoT scenario.
The evaluation results in [4] also show that the puncturing 20 RBs assuming a 272 PRS transmission has negligible impact on the accuracy, yet providing more opportunity for PRS transmission.
Proposal 2: Rel-17 should support RB-level multiplexing of PRS and SSB.

PRS and SRS frequency aggregation
In RAN1#102-e, we made the following agreements regarding PRS/SRS frequency aggregation [5].
	Agreement:
· Aggregating multiple DL positioning frequency layers of the same or different bands for improving positioning performance for both intra-band and inter-band scenarios will be investigated in Rel-17, which may take into account at least the following
· The scenarios and performance benefits of aggregating multiple DL positioning frequency layers
· The impact of channel spacing, timing offset, phase offset, frequency error, and power imbalance among CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios
· UE complexity considerations
· Note: What is captured in the TR will be discussed separately.
Agreement:
Simultaneous transmission by the UE and reception by the gNB of the SRS for positioning across multiple CCs and multiple slots can be investigated in Rel-17, which may consider 
· The scenarios and performance benefits of the enhancement
· The impact of channel spacing, TA and timing offset, phase offset, frequency error, and power imbalance across slots or CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios 



Analysis of frequency aggregation with phase continuity for contiguous spectrum
The CRB (Cramér-Rao Bound) serves as the lower bound of the MSE (mean square error) of any unbiased estimator. In the following, we analyze the CRB gain of the TOA estimation incurred by the frequency aggregation.
For OFDM systems, the Rx signals assuming single-path AWGN channel can be expressed as:

where
 denotes the Rx power,
 denotes the Rx random phase shift,
 denotes the channel delay,
 denotes the modulated symbol on the ith subcarrier,
 denotes the frequency of the sub-carriers,
 denotes the sub-carrier spacing,
 denotes the number of the sub-carriers, and
 denotes the complex additive white Gaussian noise process with a power spectral density .
Equivalently on the discrete frequency domain, one can write the following parallel channel model on a per-subcarrier basis.

Where 
The FIM for the unknown parameters  is given by [8]

The CRB of , is given by

where

For the cases with contiguous spectrum, shown by Figure 1， one can set , and , and thus have
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[bookmark: _Ref53496832]Figure 1 Signals spectrum characteristic with contiguous spectrum
It reveals that
If the Rx EPRE  is fixed, the CRB is inversely proportional to the cubic of the bandwidth.
If the transmission power on a symbol () is fixed, the CRB is inversely proportional to the square of the bandwidth.
Analysis of frequency aggregation with phase continuity for non-contiguous spectrum
For the case of frequency aggregation with non-contiguous spectrum with phase continuity, shown by Figure 2, where  is used to denote the gap bandwidth, one can assume the same actual transmission bandwidth  and set
 for , and 
 for others, 
and have
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[bookmark: _Ref53496856][bookmark: _Ref53221610]Figure 2 Signals spectrum characteristic with non-contiguous spectrum

The performance gain incurred by the frequency aggregation with non-contiguous spectrum is obtained as

It reveals that if the overall actually transmission bandwidth is fixed, non-contiguous spectrum can provide a more accurate TOA estimate than the continuous spectrum.
On the other hand, for aggregation with large gap bandwidth (channel spacing), it can be observed with large sidelobes with the envelope determined by the single channel bandwidth, as shown in Figure 3. It may cause time domain ambiguity for joint TOA estimate in the time domain. This may further complicate the first path detection in the presence of multipath components, yet can be overcome via advanced TOA estimator.
For non-contiguous chunks, there may be additional spectrum emission requirement if the carriers/channels containing the chunks are not adjacent in spectrum, which may require additional spectrum shaping processing, e.g. filtering and/or windowing. However, we assume that if additional phase shift is introduced via filtering and/or windowing, a Rel-17 TRP/UE should do the compensation in the baseband, similar to phase adjustment on the symbol boundary for NR signals and channels.
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[bookmark: _Ref52123942]Figure 3 CFR (left) and CIR (right) under different channel spacing
Analysis of frequency aggregation without phase continuity
The frequency aggregation without phase continuity can be modelled using the following equation, where  and  are the sets of the subcarrier indices corresponding to the frequency chunks, respectively.

Similarly, the FIM for the unknown parameters  is given by [8]

The CRB of  for the non-continuous phase, is given by

It is unlike the case with phase continuity where the span of the frequency chunks plays the role in the CRB calculation, and the overall CRB only scaled down by the number of chunks.
Summary
Based on the analysis, we draw the following observations.
Observation 1: With frequency aggregation with phase continuity
1. The TOA accuracy is proportional to the cubic (fixed EPRE) or square (fixed symbol power) of the aggregated bandwidth for contiguous aggregation
1. Non-contiguous aggregation can further improve the TOA accuracy, but suffers from unwanted sidelobes in the CIR.
Observation 2: Frequency aggregation without phase continuity can only achieve diversity gain.
As shown in our evaluation [4], PRS and SRS frequency aggregation without phase offset can increase the effective BW to reduce the TOA estimation error, reaching high accuracy localization, which is also aligned with the CRB analysis.
Proposal 3: Rel-17 should support at least intra-band contiguous and non-contiguous frequency aggregation with phase continuity.

UL SRS enhancements
Partial staggering and non-staggering SRS pattern
Similar to DL PRS, we suggest to support all the N/A entries in the following Table 1. Note that for SRS, it is up to network’s responsibility to make such a configuration and up to the network’s consideration to reduce the ambiguity for the case of partial/non-staggering SRS pattern.

[bookmark: _Ref30063178]Table 1 Agreed SRS pattern in Rel-16
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	{0}
	{0, 1}
	{0, 1, 0, 1}
	N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3},
	{0,2,1,3, 0,2,1,3}
	{0,2,1,3, 0,2,1,3, 0,2,1,3}

	8
	N/A
	N/A
	{0,4,2,6}
	{0,4,2,6,1,5,3,7}
	{0,4,2,6,1,5,3,7,0,4,2,6}



Proposal 4: Rel-17 should support all combinations of comb size and number of symbols for SRS for positioning.

Enhancements to tackle with the cyclic shift
There has been some issues regarding the counter-effect from cyclic shift on the SRS staggering pattern which have been addressed in some contributions in Rel-16. Namely, the SRS staggering will effectively increase the non-ambiguity region when gNB searches SRS, while multiplexing SRS with different cyclic shifts will somehow reduce the non-ambiguity region, when MU-SRS multiplexing by cyclic shift is in use.
Rel-16 cyclic shift design allocates the cross-correlation peaks [3] inefficiently as shown in Figure 4. The full-staggering pattern increases the ambiguity region to OFDM symbol duration, i.e. (-N, N). However, for the 12 cyclic shifts used in comb-4 structure, the separation between them is only N/48, where the main cross correlation peaks are within (-N/4, N/4).
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[bookmark: _Ref40103277]Figure 4 SRS cross-correlation peaks
Mechanisms to tackle with the issue may include
Define a generic cyclic shift based on the OFDM symbol duration, and increase the cyclic shift number to 48 for all comb sizes
Introduce symbol level cyclic shift hopping pattern associated with the initial cyclic shift on the first symbol
Introduce symbol level cover code associated with the initial cyclic shift on the first symbol
Proposal 5: Rel-17 should support the enhancement to reduce the issue caused by cyclic shifts for Rel-16 SRS for positioning.

SRS power control
In Rel-16, closed-loop power control is not supported for SRS for positioning which means that the power of SRS for positioning is not subject to any TPC command. This results in inflexibility and potential interference within the serving cell. As such, we believe that supporting closed loop power control should be supported in Rel-17.
In addition, the following feature should be also be considered to complete the power control loop for the neighbouring TRPs.
Neighbouring TRP sending SRS power adjustment to LMF
LMF sending the SRS power adjustment to the serving gNB
Power headroom report for SRS for positioning
Proposal 6: Rel-17 should support closed loop power control, and support the following procedures
Neighbouring TRP sending SRS power adjustment to the LMF
LMF sending the SRS power adjustment to the serving gNB
Power headroom report for SRS for positioning.

SRS frequency hopping
In Rel-16, SRS frequency hopping is not supported for uplink positioning due to several factors. First, the existing comb structure can already achieve certain power enhancement gain. Second, UEs with limited bandwidth capability are not considered in Rel-16, i.e. all the UEs are assumed to have 100MHz bandwidth capability. 
However, in Rel-17, the situation is different. On one hand, a larger bandwidth may need to be configured to meet the high accurate positioning requirement. As a result, the limited uplink coverage caused by a larger bandwidth becomes a problem since a larger bandwidth means a smaller PSD, especially for the cell edge UEs. In this case, SRS frequency hopping can be considered as an efficient way to increase the PSD due to the allocated RE can borrow the unallocated REs power in the same symbol. Actually, for the UE not located on the edge of cell, SRS frequency hopping may also be beneficial because some distant neighboring cell base station should also perform the uplink measurement. On the other hand, in some IIOT use cases (e.g. smart watches, rings, eHealth related devices, and medical monitoring devices etc.), the bandwidth capability of UEs (e.g. REDCAP UE) may be restricted in order to lower the device cost and complexity. Whereas, this type of UE can only send SRS with a limited bandwidth at one time, which may fail to achieve high positioning results. To solve this problem, frequency hopping can be a potential solution. UEs may be allowed to send a reference signal in the way of frequency hopping, and the receiver can synthesize the signals from consecutive frequency hopping slots into a large bandwidth signal, further to assist positioning. Based on the above analysis, we have the following proposal.
Proposal 7: Rel-17 should support SRS frequency hopping.

Measurement enhancements
Multi-path mitigation/utilization and LOS detection
Multi-path assisted positioning was discussed in Rel-16 positioning study item [2] and introduced by RAN2 by adopting LTE additional path reporting mechanism. 
The evaluation results in [9] shows that additional angle information on the multipath can facilitate VA-path association and to use angle for reflection-based multi-path positioning, which outperforms LOS-path only positioning for single-BS.
Proposal 8: Rel-17 should support angle information report associated with multi-paths.

LOS/NLOS detection
LOS/NLOS identification was discussed in Rel-16 positioning study item where the measurements corresponding to NLOS could be precluded to improve positioning accuracy if the multipath information in the NLOS channel is not useful [2].
LOS/NLOS identification algorithm
The utilization of channel properties and measurements could be helpful to identify LOS/NLOS. The location algorithm could be further optimized and positioning accuracy could be improved if each measurement can be labeled with LOS or NLOS.
A simple LOS/NLOS identification algorithm with low complexity used in the evaluation in [4] is summarized below.
Check the energy consistency of the first path across different antenna elements within a polarization.
Check the phase consistency of the first path across different antenna elements in both vertical and horizontal direction within a polarization.
If both energy and phase consistency meet the energy/phase consistency, it would be identified as a LOS path, otherwise, it would be identified as a NLOS path.
Different confidence level of LOS/NLOS label may additionally be reported depending on the degree of the consistency.
Baseline RAIM algorithm
It was proposed by companies that traditional spec transparent algorithm, e.g. RAIM or RANSAC, can somehow reject the outliers that corresponds to the NLOS path. However, use of RAIM or RANSAC is only available in the presence of the measurement redundancy. For the cases with limited LOS links, e.g. 3, RAIM or RANSAC may not be useful at all.
For comparison with LOS/NLOS identification algorithm, we use the following RAIM algorithm in the evaluation [4].
Go through all combinations of K gNBs from the N gNBs and conduct the UE positioning based on the measurement results (e.g., UL-TDOA). 
Check if the estimated  UE positions co-locate together or not. If yes, add 1 to K and repeat step 1 until K equals N. 
If not, calculate the RSTD according to the estimated UE positions and compare the RSTD with the measured results. Delete the gNB with large error between the RSTD and the measured result.
Add 1 to K and repeat step 1 until all the gNBs are utilized. 
The evaluation results in [4] shows that that LOS/NLOS identification achieves higher accuracy (0.48m@90%) than the traditional RAIM algorithm (1.45m@90%).
Proposal 9: Rel-17 should support LOS/NLOS identification to improve the positioning accuracy.

Physical layer enhancements
AP/SP PRS
In was agreed to study AP/SP PRS in RAN1#102-e [5], and to our understanding, the claimed benefit was to reduce latency, which is still in doubt.
To allow AP PRS transmission with the expected latency reduction benefit, it should be that
From network side, on-demand transmission of PRS controlled by the serving gNB/LMF is a prerequisite, which means that basically serving gNB/LMF can request other gNBs to transmit PRS at any recommended time.
From UE side, pre-configured aperiodic PRS resource associated with multiple TRPs with a respective triggering state is a prerequisite, as reconfiguration itself will introduce additional delay compromising the benefit. However, if aperiodic PRS triggering state is already present, it will have impact on the DCI payload, since triggering bits will always be sent even no PRS is triggered (i.e. trigger state 0). It is unclear whether PRS triggering will be sharing codepoints with AP CSI reporting, and how the UE processing timeline would be if both PRS and AP CSI are triggered.
Observation 3: AP PRS triggered by DCI will cause DCI overhead, as the AP PRS triggering states will be preconfigured.
The difference between SP-PRS and PR-PRS mainly lies in the MAC CE activation. However the current PR-PRS is more like SP-PRS activated by the LPP message hosted by LMF, while to enable serving gNB to activate the transmission of PRS from a non-serving TRP by notifying UE with a MAC CE, LMF should anyway be involved, since LMF needs to understand and control which TRPs UE is expected to measure for a better localization results.
In addition, someone may argue that LPP message will have a large signaling delay than the MAC CE, however we assume that LMF should still be responsible to request measurement to the UE.
Observation 4: Rel-16 PRS is more like a SP-PRS activated by the LPP message, and introducing MAC CE does not bring meaningful latency reduction considering LMF will anyway request location information from the UE.

On-demand PRS
Rel-16 PRS and even LTE PRS are always on, or configured by OAM. It means that even if there is no UE to receive, no signaling is designed to let gNB shut down the PRS transmission, which makes PRS less efficient than other signals.
Since LMF is the host of all positioning methods, LMF is aware of all positioning activities involving a gNB, and thus can inform gNB whether there is any UE receiving the PRS. If not, gNB may shut down the PRS transmission for the sake of efficiency.
In addition, instead of switching on/off PRS, LMF may recommend the PRS transmission time if a flexible PRS transmission schedule is supported by the gNB, so that PRS transmission time is not fixed in the time frame and can be rather in any slot, so that the PRS measurement delay can be reduced.
To allow this, the signaling flow to convey the following three types of PRS configurations should be designed between gNB and LMF that
Type 1 PRS configuration (legacy PRS, 5GC periodic PRS)
Type 2 PRS configuration for PRS with preset a periodicity that can be switched on/off based on NRPPa signaling (5GC semi-persistent PRS)
Type 3 PRS configuration for PRS that does not have any specific periodicity and can be requested for transmission in any D/S slot based on NRPPa signaling (5GC aperiodic PRS)
In addition, to enable LMF to make the activation request to gNB, UE may also provide request to LMF as part of the assistance data request.
Proposal 10: Rel-17 should support the following 3 types of PRS requested by LMF.
Type 1 5GC periodic PRS
Type 2 5GC semi-persistent PRS
Type 3 5GC aperiodic PRS

UE assisted calibration
In RAN1#102-e [5], we made the following agreements regarding group delay calibration.
	Agreement:
The scenario, benefits, methods and signaling for improving positioning accuracy in the presence of the UE Rx/Tx transmission delays, and/or and gNB Rx/Tx transmission delays, will be investigated for UE-based and network-based (including UE-assisted) positioning in Rel-17.



Regarding the discussion for positioning accuracy in the presence of the gNB synchronization error, it was not agreed in RAN1#102-e. However, we consider that the total synchronization error may consist of clock synchronization error (BB) and group delay error (BB to RF), and the timing calibration effort may not be able to distinguish the two components from the lump-sum sync error from the overall TOA (TDOA) measurement.
gNB Tx calibration error
UE Rx calibration error
gNB-UE clock offset
Propagation delay
TRP1
Overall DL TOA of TRP1
gNB BB clock error
gNB Tx calibration error
UE Rx calibration error
gNB-UE clock offset
Propagation delay
TRP2
Overall DL TOA of TRP2
gNB BB clock error
Lump-sum sync error
Common error that can be cancelled using TDOA

Figure 5 Error Components from TOA measurement
Observation 5: The error components of lump-sum synchronization error includes gNB clock synchronization error and gNB Tx calibration error, which cannot be separated from the overall TOA (TDOA) measurement.
Therefore, we think that if a method can improve the positioning accuracy in the presence of the transmission group delay, it can also be used to mitigate the gNB synchronization error.
Observation 6: Methods to calibrate gNB Tx/Rx group delay can also be used to calibrate the inter-gNB synchronization error.
Similar to the time calibration, angle based positioning may also face the error that needs calibration. First the panel orientation mounted on a gNB may have a bias in the global coordinate system. Second the RF chains corresponding to each TXRU may contain remaining phase shift that will cause a bias for angle estimation in the local coordinate system. 
The straightforward way to do that is to introduce a calibration UE with the known location that for example is maintained by the operator. The UE can do either traditional NR positioning procedure, except that the location is also reported by the UE with extremely high confidence or the location is already known by the LMF.
After calibration, the correction data may be either stored/updated in the LMF, or forwarded to the NG-RAN or to other UEs, which is also known as differential positioning in GNSS.
Proposal 11: Rel-17 should support calibration/reference UE that participates in the conventional NR positioning method and has its location information with very high confidence for the purpose timing calibration (group delay, clock sync error) and angle calibration (UL-AoA).

UL-AoA
In case that gNB antenna scale is small, e.g. ULA for the indoor case, normally it is assumed that the horizontal AoA can be estimated if the ULA is placed in the horizontal plane. However, the estimation may suffer from bias if UE and gNB are not in the same horizontal plane.
[image: ]
[bookmark: _Ref47001679]Figure 6 Illustration of AoA estimation based on ULA
As shown in Figure 6, the real AoA  is the angle in the horizontal plane, and the angle estimation based on phase difference between antenna elements will only provide the estimate of the angle between UE and the antenna array ().
One can find the relation between , , and  (ZOA) as follows

If UE and gNB antennas are almost on the same horizontal plane, which means that , one can easily find the following relation


However, if they are far from being on the same horizontal plane, the impact from a smaller  will not be neglected, and with an unknown , the real AoA  cannot be estimated.
Evaluation results in [4] showed that the positioning accuracy using the enhanced AoA measurement will provide significant gain for InF channel conditions with ULA gNB antenna configuration.
Proposal 12: Rel-17 should support enhanced AoA defined with respect to the ULA antenna direction.

DL-AoD
In Rel-16, DL-AoD angle calculation is by LMF itself. However, the respective NRPPa signaling does not provide the full beam response to help LMF calculate the angle based on RSRP report from UE. This will compromise DL-AoD positioning method, or will require additional OAM configuration of the beam pattern to the LMF. 
To acquire the more accurate DL-AoD calculation, the following procedures should at least be supported.
LMF requests AoD (AoA) measurement for the gNB based on RSRP measurement from the UE
· E.g. using existing NRPPa measurement request message
gNB provides detailed beam information to facilitate LMF calculate the angle based on RSRP
· E.g. DFT beam coefficients, beam response
Proposal 13: Rel-17 should support the following DL-AoD procedure enhancement
1. LMF requests AoD (AoA) measurement for the gNB based on RSRP report from the UE
1. gNB provides detailed beam information to facilitate LMF to calculate the angle based on RSRP
1. E.g. DFT beam coefficients, beam response

E-CID
In our contribution [4], E-CID is one of the most promising positioning methods that can achieve small latency. Rel-16 only supports RSRP/RSRQ finger printing and AoA, and adding RTT measurement via UE Rx – Tx time difference and gNB Rx – Tx time difference based on communication signals (e.g. CSI-RS/TRS, and SRS/PRACH, respectively) only based on the link with the serving cell will provide sufficient flexibility without inter-node signaling exchange/scheduling efforts. The evaluation in [4] also showed that E-CID equipped with RTT measurement can achieve accuracy up to 0.5m@90%, without bringing any network overhead, which is very attractive.
We use the following evaluation results to show the comparison between E-CID and Multi-RTT, as plotted in Figure 7.
	
	Multi-RTT
	E-CID

	Accuracy @90% 
	0.1694m (Case 371)
	0.2395 (Case 372)

	Latency
	51.5ms (1 sample)
	26ms

	Network efficiency
	1-0.74%
	100%




[bookmark: _Ref53751202]Figure 7 Comparison between Multi-RTT and E-CID
In addition, contributions in other agendas, e.g. IIOT_URLLC_enh, also provided the potential use of RTT [6] based on existing communication links that are part of E-CID positioning for e.g. delay compensation.
Proposal 14: Rel-17 should support E-CID to include RTT (UE/gNB Rx – Tx time difference) measurement for the serving cell using communication link.

RRC configured procedure
We believe that it is important to keep the LMF as the location host for all LCS requests, which means that any RAN activity related to positioning should be triggered by LMF.
From this aspect, we think NR UL E-CID, as shown in Figure 8 should be the starting point when LMF requests measurement from the serving gNB, and gNB may configure additional RS/measurement reporting with respect to the UE, and then return the measurement results to the LMF.
[image: ]
[bookmark: _Ref53152081]Figure 8 LMF-initiated Location Information Transfer Procedure for UL E-CID [7]
RAN action after receiving the measurement request from LMF could be discussed in the WID, e.g. configuring CSI-RS for RSTD measurement or SRS for Rx – Tx time difference.
Proposal 15: Rel-17 should consider UL E-CID positioning methods as the starting point for RRC configured procedure for positioning.

IDLE/INACTIVE aspects
The evaluation results in [4] show that
For DL-only positioning, allowing UE to perform measurement in IDLE/INACTIVE state can reduce the UE power consumption for the case when there is little 5GC traffic.
In addition, allowing UE to report the measurement in IDLE/INACTIVE state using small data can reduce the UE power consumption.
For UL-only positioning, allowing UE to transmit SRS/PRACH in INACTIVE state can reduce the UE power consumption for the case when there is little 5GC traffic.
Proposal 16: Rel-17 should support
DL measurement in IDLE/INACTIVE state, 
Measurement report for the DL measurement using small data, 
SRS/PRACH transmission for the purpose of positioning in INACTIVE state.

Periodic SRS transmission
Periodic SRS transmission can follow the procedure of small data, including
The configuration delivery
HARQ-ACK indication
TA command monitoring and TA update
Applicability of cell reselection

Non-periodic SRS transmission
The non-periodic SRS transmission may be triggered by the network when the UE location is requested by an external client (MO-LR). The normal operation of UL-TDOA positioning would require UE to enter CONNECTED state to receive SRS configuration or SRS activation command by MAC CE or DCI. To avoid such a step, aperiodic SRS triggering state can be preconfigured similar to periodic SRS, and last serving NG-RAN may initiate the RAN paging to trigger the UE to transmit the SRS in the specific time. Using the existing procedure for aperiodic SRS for positioning, the neighbouring TRPs will receive the SRS, and the measurement will be reported to LMF.
UE
Serving RAN
LMF
TRP
NRPPa Positioning Information Request
NRPPa Positioning Information Response
CONNECTED state
NRPPa Positioning Activation Request
NRPPa Positioning Activation Response
NRPPa Measurement Request
NRPPa Measurement Reponse

RAN paging
SRS
INACTIVE state
RRCRelease with SRS configuration

Figure 9 Procedure of Paging triggering non-periodic SRS
Proposal 17: Rel-17 should support paging trigger non-periodic SRS transmission in INACTIVE state.

Conclusion
In this contribution, we have the following observations and proposals regarding positioning enhancement in Rel-17.
Observation 1: With frequency aggregation with phase continuity
1. The TOA accuracy is proportional to the cubic (fixed EPRE) or square (fixed symbol power) of the aggregated bandwidth for contiguous aggregation
1. Non-contiguous aggregation can further improve the TOA accuracy, but suffers from unwanted sidelobes in the CIR.
Observation 2: Frequency aggregation without phase continuity can only achieve diversity gain.
Observation 3: AP PRS triggered by DCI will cause DCI overhead, as the AP PRS triggering states will be preconfigured.
Observation 4: Rel-16 PRS is more like a SP-PRS activated by the LPP message, and introducing MAC CE does not bring meaningful latency reduction considering LMF will anyway request location information from the UE.
Observation 5: The error components of lump-sum synchronization error includes gNB clock synchronization error and gNB Tx calibration error, which cannot be separated from the overall TOA (TDOA) measurement.
Observation 6: Methods to calibrate gNB Tx/Rx group delay can also be used to calibrate the inter-gNB synchronization error.
Proposal 1: Rel-17 should support 1-symbol PRS at least for comb 12 and comb 4.
Proposal 2: Rel-17 should support RB-level multiplexing of PRS and SSB.
Proposal 3: Rel-17 should support at least intra-band contiguous and non-contiguous frequency aggregation with phase continuity.
Proposal 4: Rel-17 should support all combinations of comb size and number of symbols for SRS for positioning.
Proposal 5: Rel-17 should support the enhancement to reduce the issue caused by cyclic shifts for Rel-16 SRS for positioning.
Proposal 6: Rel-17 should support closed loop power control, and support the following procedures
Neighbouring TRP sending SRS power adjustment to the LMF
LMF sending the SRS power adjustment to the serving gNB
Power headroom report for SRS for positioning.
Proposal 7: Rel-17 should support SRS frequency hopping.
Proposal 8: Rel-17 should support angle information report associated with multi-paths.
Proposal 9: Rel-17 should support LOS/NLOS identification to improve the positioning accuracy.
Proposal 10: Rel-17 should support the following 3 types of PRS requested by LMF.
Type 1 5GC periodic PRS
Type 2 5GC semi-persistent PRS
Type 3 5GC aperiodic PRS
Proposal 11: Rel-17 should support calibration/reference UE that participates in the conventional NR positioning method and has its location information with very high confidence for the purpose timing calibration (group delay, clock sync error) and angle calibration (UL-AoA).
Proposal 12: Rel-17 should support enhanced AoA defined with respect to the ULA antenna direction.
Proposal 13: Rel-17 should support the following DL-AoD procedure enhancement
1. LMF requests AoD (AoA) measurement for the gNB based on RSRP report from the UE
1. gNB provides detailed beam information to facilitate LMF to calculate the angle based on RSRP
3. E.g. DFT beam coefficients, beam response
Proposal 14: Rel-17 should support E-CID to include RTT (UE/gNB Rx – Tx time difference) measurement for the serving cell using communication link.
Proposal 15: Rel-17 should consider UL E-CID positioning methods as the starting point for RRC configured procedure for positioning.
Proposal 16: Rel-17 should support
DL measurement in IDLE/INACTIVE state, 
Measurement report for the DL measurement using small data,
SRS/PRACH transmission for the purpose of positioning in INACTIVE state.
Proposal 17: Rel-17 should support paging trigger non-periodic SRS transmission in INACTIVE state.
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Comparison between Multi-RTT and enhanced E-CID

Multi-RTT	Accuracy	Latency	Network efficiency	1	1	1	Enhanced E-CID	Accuracy	Latency	Network efficiency	0.70730688935281838	1.9807692307692308	1.007455168245013	
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