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1. Introduction

In RAN plenary #68 meeting, it is decided that the RAN1 shall include proper references to the previous and related study in TR36.855 at the next RAN1 meeting.
It is further noted during the RAN1 #81 meeting, several problematic sections of TP R1-153647 were agreed only as a baseline for further discussion and update.

This paper provides proper reference to the previous and related study in TR36.855 according to the RAN plenary #68 decision, and further updates several sections of baseline text from the RAN1 #81 meeting.
2. Discussion on proper references for TR36.855 into TR 37.857
TR 36.855 captures the findings of SI “Positioning enhancement for E-UTRAN” which was completed at RAN #66. Both indoor and outdoor scenarios were studied and evaluated, such as: summarized as below:

· BW related RSTD measurement enhancement
· BW related UE Rx-Tx measurement enhancement
· Granularity of RSTD reporting
Simulation results with different quantization show that increasing reporting granularity to 0.5Ts is beneficial.
· OTDOA/ECID enhancement with identical cell ID RRHs

Different solutions for OTDOA enhancements in scenarios with RRHs are summarized and compared in TR36.855.
· Feasibility study on enhancement for UE Rx-Tx measurement over multiple serving cells
For granularity of RSTD reporting, simulation results showed that different quantization show that increasing reporting granularity to 0.5Ts is beneficial in TR36.855 clause 5.3. For the same PCI case, Different solutions for OTDOA enhancements in scenarios with RRHs are summarized and compared.
The TR 37.857 has additional findings of indoor positioning specifically. However some of the topics in TR37.857 correspond to the ones captured in TR36.855 with less detail and little if any new content. For example,
· PRS transmission enhancements for the same PCI case  
7.1.1.1.5
PRS transmission enhancements for the same PCI case
7.1.1.1.7 Enhanced PRS supporting TPs of the same PCI
· Reduce RSTD quantization error 
7.1.1.2.2 Reduction of RSTD quantization error

7.1.1.3.1 Enhanced RSTD quantization and additional signalling support
RAN has directed RAN1 to include proper reference to the previous work in 36.855, which is particularly needed for the two topics above as the solutions and conclusions of these two topics are reused from TR36.855. Proper reference will also help the maintainability of the two TR, for example avoiding the problem if TR36.855 is changed in the future, TR37.857 will incorrectly remain unchanged. 
Add a note in section 7.1.1 because some of the OTDOA enhancements are refer to TR36.855.
Add a reference in 7.1.1.1.5 and delete the overlap contents.
Add a reference in 7.1.1.3.1 and delete the overlap contents. Delete 0.25 Ts according to 36.855 simulation results

3. Text Proposal 

<Unchanged sections omitted>
<Start of changed section>
1
Scope

The present document captures the findings of the study item "Study on Indoor Positioning Enhancements for UTRA and LTE" [1]. The purpose of the present document is to help TSG RAN WG1 and WG4 to properly model and evaluate the performance of new and existing indoor positioning techniques using 3D indoor channel models.
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Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2]
Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2]. 
A-GNSS
Assisted-Global Navigation Satellite System
CDF
Cumulative Distribution Function 

CRS
Cell-specific Reference Signal 

D2D
Device-to-Device

E-CID
Enhanced Cell Identification

FDD
Frequency Division Duplex
LCS

LoCation Services

OTDOA
Observed Time Difference of Arrival

PCI
Physical Cell Identity

PDSCH
Physical Downlink Shared Channel

PRS
Positioning Reference Signals
RFPM
Radio Frequency Pattern Matching
RSTD
Reference Signal Time Difference

SCE
Small Cell Enhancements
SRS
Sounding Reference Signal
UTDOA
Uplink Time Difference of Arrival

TBS
Terrestrial Beacon System

UL-RTOA
Uplink Relative Time of Arrival

4
 General description of indoor positioning for UTRA and LTE
Positioning mechanisms were specified in 3GPP as a key feature for UTRA and EUTRA networks since Release-99 and Release-9, respectively; e.g., A-GNSS, OTDOA, E-CID, UTDOA. On-going enhancements to the US FCC Enhanced 911 capability are focusing on in-building positioning. It is therefore beneficial for the 3GPP ecosystem to explore this area, studying the performance of the existing methods, potential enhancements, and potential introduction of new capabilities in 3GPP to support indoor positioning within E-UTRA and UTRA.

A general description of location services and service requirements are given in TS 22.071 [3]
The positioning enhancement for E-UTRA both for indoor and outdoor are given in TR 36.855 [35]. Since it also can be applied to the indoor environment, the present document extracts useful conclusions from TR36.855, or further extends some of the contents and conclusions of TR36.855.
<Unchanged sections omitted>
<Start of changed section>
7
Studied positioning technology enhancements

7.1
RAT-dependent positioning technologies


7.1.1
OTDOA enhancements
Various solutions for OTDOA indoor positioning enhancements are summarized below (but not limited to):

· Enhanced Positioning reference signals (PRS)

· More dense PRS in time domain

· New PRS, e.g. new PRS pattern, legacy PRS with CRS, DRS and etc.

· PRS transmission enhancements for the same PCI case [1]
· PRS or PRS-like transmission in un-license band
· PRS Tx diversity [1]
· Enhanced RSTD measurements

·  Reduce RSTD quantization error[1] 

· Measurement performance enhancements under Wide-band PRS[1] 


[1] Notes: The feasibility of solution is given in TR 36.855 [35]. Since it also can be applied to the indoor environment, the present document extracts useful conclusions from TR36.855, or further extends some of the contents and conclusions of TR36.855. 
7.1.1.1
Enhanced Positioning Reference Signals (PRS)
For purposes of evaluation, potential enhancements related to PRS include the following candidates; increased density of PRS in time domain, new PRS pattern(s), and PRS transmission enhancements for the same PCI case.
Editor’s Note: This section is agreed as a baseline, and can be further discussed/updated.

7.1.1.1.1
New PRS patterns

7.1.1.1.1.1
Random vshift

PRS has been designed as a 6-tone stride pattern in every PRS OFDM symbol of a PRS subframe. The offset of the stride is determined by mod(PCI,6), where PCI is the physical cell ID of the cell transmitting the PRS. This means that two cells with the same mod(PCI,6), for example PCI’s 0 and 6, will collide in the frequency domain and create interference to each other. 

Since the frequency offset is determined by the PCI, the PRS pattern is a by-product of the network PCI planning. In practice, PCI network planning is done for communication purposes, and positioning often plays a secondary role. 

But even for a perfectly mod(PCI,6) planned network, there will always be two or more cells interfering each other, and this interference is static (apart from fading phenomena). If a neighbour cell cannot be heard at the UE because of colliding PRS pattern, the cell usually remains non-hearable for the whole positioning measurement time (LPP response time). 

If the static property of the interference is removed, the UE can potentially hear more neighbour cells (or more cells with better measurement geometry). 

One way to remove the static PRS interference would be to change the PRS offset factor (vshift) per positioning occasion (or per subframe within a positioning occasion), i.e., to make each cell to hop to a different frequency bin from one PRS subframe (or positioning occasion) to another.  Such a "frequency hopping" can be realized by a different pseudo-random sequence for each cell. That is, the PRS offset (vshift) will no longer be based on mod(PCI,6) value, but based on a random number generator distributed in the [0-5] range that can hop to a new value in every PRS subframe or in every positioning occasion (it may be preferred to hop to a new value even in different subframes of the same occasion to benefit from frequency selectivity of the channel). This random number generator could be similar to the scrambling code generator and could be initialized with a seed value known at the UE (e.g., via OTDOA assistance data), thus enabling the UE to replicate the same pattern and decipher the PRS signal. 

Such a dynamic PRS pattern may improve hearability and should remove "blind spots/clusters" that may persistently exist in the network with a static PRS pattern. If a cell is blocked from detection due to PRS collision in frequency domain in one occasion, it is highly unlikely that it will be blocked again in the next occasion or the one after it. 

Further, it would significantly simplify network planning (essentially, no special PRS network planning would be needed anymore). 

7.1.1.1.1.2
Randomization of PRS Muting Pattern

The PRS muting configuration is defined by a periodic PRS muting sequence with periodicity Trep where Trep, counted in number of PRS occasions, can be 2, 4, 8, or 16 which is also the length of the selected bit string that represents this PRS muting sequence [19]. 

Muting offers a large advantage in PRS hearability compared to no muting. However, similar to the frequency offset vshift discussed in section 7.1.1.1.1.1 above, the assigned muting pattern for each cell is static. A muting pattern assignment to cells will usually never be perfect and some remaining PRS interference will always be present; in particular in dense eNB deployment scenarios. Similar as with the static PRS offset (vshift) the interference situation with muting will also be static (i.e., repeats every Trep). To remove static interference even further, it is proposed to randomize the muting pattern and its periodic property (i.e., "time hopping") as much as possible. 

This randomization in time domain can be realized by a PRS muting pattern that is determined by a random number generator that is initialized with the same known seed in the eNB and UE. The random binary sequence for each cell determines the ON/OFF state of the positioning occasion. In this manner, the muting sequence is randomized. 

The randomization of the muting pattern may be considered separately or together with the random vshift discussed in section 7.1.1.1.1.1 above. By randomizing PRS in three dimensions (code, frequency, and time), the hearability should improve, little or no network planning would be needed, and no blind spots/clusters will persistently exist in the network. If a cell is blocked from detection due to collision in time/frequency in one occasion, it is highly unlikely that it will be blocked again in the next occasion or the one after it.

7.1.1.1.1.3
Impact on PRS backward compatibility 

It is identified that the time-varying PRS pattern (including time-varying vshift) has backward compatibility issues, where the issues not only refers to the fact that the legacy UE cannot measure the PRS with new pattern, but also includes the facts that 

· The OFDM resources available to legacy PRS can be significantly reduced, which may make the network planning for legacy PRS more difficult than before.
· The network may need additional subframes to be specifically used to transmit PRS with new pattern. 
For the PRS enhancements with time-varying vshift, in order to have a mechanism to support transmission of legacy PRS and PRS with new pattern in the same subframe no matter how the parameter of vshift varies, one example of the solutions is to limit the time-varying value of vshift for one PRS within a subset of [0-5]. The legacy PRS and PRS of time-varying vshift that are transmitted in the same subframe and measured by any same UE can have their vshift values belonging to different subsets. It should be noted that the same or similar solution based on vshift subset can also be used in the case where there is no legacy PRS and other potential issue may occur upon PRS signals with time-varying vshift.

7.1.1.1.2
Enhanced PRS Pattern

For rich-multipath scenarios, in particular indoor environments, those side-lobes may lead to potential errors when the receiver carries out TOA estimation. Therefore, the new PRS pattern shall have improved correlation properties that are beneficial for indoor positioning. 

In current specification, a set of frequency shifts are applied to the pre-defined PRS patterns to obtain a set of orthogonal patterns. This can efficiently reduce interference on PRS and thus improve positioning measurements. With a frequency reuse factor of 6, the frequency shift is defined as a function of PCI, i.e. mod(PCI, 6). The frequency shift is applied to all continuous PRS subframes in one occasion, that is, the given pattern is simply repeated. However, for indoor scenarios, particularly those of dense small-cell scenarios, the probability that the PRSs of two neighbour cells collide and interfere with each other, increases significantly. In general, even with configured PRS muting, such interference could become severe when the number of neighbour/nearby cells is far more than the frequency reuse factor of 6. Hence, for the dense indoor deployments, it is desirable to define more available PRS patterns to improve the hearability.  
To achieve the above objective, we consider a new type of “frequency-shift” PRS patterns that have different frequency shifts across subframes in a positioning occasion. The frequency shift can be associated to the subframe number in the same occasion. Instead of repeating PRS pattern in each subframe of one poisoning occasion, the new PRS pattern in one subframe applies a frequency shift relative to the previous subframe.  Largely reusing existing PRS pattern has the benefit of requiring little or no additional UE receiver complexity.

We also consider utilizing frequency shift to generate more available time-frequency patterns. It is noted that, the size of the set of available time-frequency patterns should be limited to a reasonable number so that there is no significant complexity increase for UEs to understand which pattern is being used. In general, the set of available frequency-shift patterns can be expanded to a bigger but reasonable size, e.g. 24 or 48 for the positioning occasion with consecutive 6 subframes.  The function for generating frequency shifts in the general case is flexible and is known to both eNB and UEs. The advantage of the frequency-shift patterns is that there is no explicit signalling needed for indicating the patterns and it requests negligible extra computation or processing need at UE side. 

7.1.1.1.2.1
Backward capability 

With the new PRS patterns, backwards compatibility needs to be ensured, that is, legacy UEs can still operate on the legacy PRS patterns. If, instead, the eNB replaces the existing PRS with a new PRS pattern, legacy UE is not able to utilize the PRS sent from such eNB. To keep backward compatibility, the PRS enhancement should be additions to the existing PRS, such that legacy UEs can carry out positioning based on legacy pattern and new UEs can achieve better positioning performance based on enhanced PRS pattern. The enhanced PRS may include the legacy PRS as a component.   

The new PRS pattern can be added in time domain, where the new PRS spans additional subframes. Coexistence of legacy and new PRS can be realized by putting them in the adjacent subframes so that they constitute a continuous, expanded PRS occasion. The proposed addition of new PRS is transparent to legacy UEs, whereas the enhanced UEs are able to make use of both legacy and new PRS in the expanded occasion. The scheduling of the new PRS transmission may be easily realized by a new PRS configuration index that provides the subframe offset relative to legacy PRS. 

Furthermore, in one such positioning occasion, the number of legacy PRS subframes and that of new PRS subframes can be configured dynamically. We consider two options for the configuration:

· Option 1: the maximum total number of subframes containing legacy PRS or the new PRS in one positioning occasion is limited to 6 (i.e. the maximum number of PRS subframes in current specification). 

· Option 2: Same dynamic configuration as Option 1 but the maximum number of subframes in one positioning occasion may exceed 6. If required, more subframes can be allocated for positioning to improve positioning performance. 

7.1.1.1.2.2
PRS muting Pattern

PRS muting was introduced to the specification to reduce the PRS interference between the cells sharing the same PCI. It is critical particularly for the dense indoor scenarios where such interference can be so severe that the PRS hearability is significantly degraded without proper muting pattern. In the specification, it allows to apply a periodic muting pattern to each cell on top of the PRS transmission. The muting pattern can be of different lengths, represented by a bit string with 1, 2, 4, 8, or 16 bits. 

When transmitting PRS, the orthogonally between cells is realized by the frequency shifts that are based on PCI and have a reuse factor of 6 in a subframe. This means that the cells with PCIs that differ with a multiple of 6 transmit PRS on the same time-frequency grid when configured to transmitting PRS in the same subframe. 

For those interfering cell pairs, a proper muting pattern is useful to reduce the interference.  Note that the muting pattern is calculated individually for each cell. Thus, it is desirable to calculate the muting pattern based on PCI while considering the need of PRS pattern orthogonally in time. For example, every set of 6 adjacent PCIs could have the same muting pattern since they will not interfere with each other. By taking into account the frequency orthogonally between cells jointly with PRS muting, the risk of interference is reduced substantially. 

<Unchanged sections omitted>
<Start of changed section>
7.1.1.1.4
Positioning Reference Signals (PRS) in unlicensed bands

Positioning Reference Signals (PRS) may be transmitted on the same or different carriers and in the same or different band as the data carrier, including licensed and unlicensed bands.

<Unchanged sections omitted>
<Start of changed section>
7.1.1.1.5
Enhanced PRS using Tx antenna diversity 

In the systems where multiple antennas are equipped at transmission and/or receiver side, antenna diversity techniques are often used to reduce multipath interference and improve radio link reliability. For PRS transmission, antenna diversity, in particular TX antenna diversity is helpful for improving positioning performance.

In current specification, PRS is transmitted from a single antenna port, port 6. To improve the existing scheme, Tx antenna diversity can be achieved by antenna switching, where PRS is transmitted alternatively from different Tx antenna at each positioning occasion. 
The feasibility on downlink Tx diversity for PRS is given in TR 36.855 [35] clause 6. Since PRS Tx diversity can also be applied to the indoor environment,  the present documents extracts useful conclusions from TR36.855.

For simulation evaluation, the RSTD measurement performance without Tx diversity shall also be provided as benchmark. Thus the scenarios for simulation are summarized in the TR36.855 clause 6.2 as,
· Candidate1: Antenna switching scheme

· Candidate2: Transmit diversity 1

· Candidate3: Transmit diversity 2

· Candidate4: Random antenna switching
· Benchmark: R9 single antenna transmit scheme
A variety of different combining algorithms can be designed for different TX diversity techniques. Two examples were used for the simulation results in subclause 6.3.3 of TR36.855:

1. 
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Based on the simulation results of TR36.855 6.3.3, the conclusion of PRS Tx diversity can be found in TR 36.855 clause 6.3.3.2.





7.1.1.2
Enhanced RSTD measurements

For purposes of evaluation, potential enhancements related to RSTD measurements include the following candidates: reduction of RSTD quantization error, measurement performance enhancements under Wide-band PRS, and UE inter-frequency RSTD calibration accuracy reporting.
7.1.1.2.1
UE inter-frequency RSTD calibration accuracy reporting

In case of PRS are configured on two (or more) LTE carrier frequencies, a UE may need to perform inter-frequency RSTD measurements. Inter-frequency RSTD measurements are measurements performed on a cell (reference or neighbour) whose carrier frequency is different from the UE’s serving cell frequency [20].  This is for example the case with the OTDOA evaluation scenarios, where the macro cells operate on 2 GHz and the small cells operate on 3.5 GHz (see section 5). Since the TOA measurements are performed on two different carrier frequencies, the RSTD measurements are affected by an "inter-frequency bias" due to different group delays of the two RF paths. 

The location server/position calculation function can solve for any inter-frequency bias (UE calibration error) in addition to the UE location. The inter-frequency bias in the RSTD measurement between a pair of carrier frequencies is a common bias; i.e., all inter-frequency RSTD measurements made between the same carrier pair have the same bias. This unknown bias can be added as an additional unknown to the cost function. The minimization of this cost function (e.g., via Taylor series approximation) would provide the position of the UE as well as the UE frequency bias (with which the RSTD measurements could be corrected/compensated). 

However, since the solution for the inter-frequency bias requires additional measurements, the location server should solve for any inter-frequency bias only when needed (e.g., when the UE calibration error is expected to be large). This could be accomplished by additional UE signalling. E.g., the UE could inform the location server of any estimates of the UE calibration error. The location server may then decide on whether to solve for the frequency bias or not, and the estimated accuracy of the UE calibration error could be used for weighting in the WLS solution. 

7.1.1.2.2
Reduction of RSTD quantization error

For the reduction of RSTD quantization error, one solution with configurable and scalable quantization resolution is based on following mathematics principle: Denote the quantization of a value x as function 
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. It means that, if the quantization factor k (k>1) is used to multiply the value x before the quantization and is also used to divide the quantization output, the effective quantization resolution is reduced by k times compared to the direct quantization on value x. With this solution, 
· The specification only needs to have one quantization mapping table for different quantization resolutions. The eNB maintains only one unified quantization mapping method. 
· The potential enhancements that require further smaller quantization resolution in future LTE releases only involve change of value of k, but rarely the quantization table itself. 

· The value of k configured to UE via LPP can be UE-specific, making it possible to explore the UE’s maximum capability on time-domain sampling implementation.   
It should be noted that the quantization factor k effectively reduces the maximum value range of RSTD measurement to [-15391/k, 15391/k]Ts, which allows the distance between reference eNB and neighbouring eNB as large as about (150/k)km. 

7.1.1.2.3
Reference Cell Selection Improvements

Since it is used as the reference for all reported RSTD values, the reference cell measurement accuracy will have an impact on the RSTD measurement accuracy. In some cases, the selection of the reference cell can have a critical impact on the resulting positioning accuracy. The UE-based reference cell selection strategy is therefore important. 

Providing additional information in the signalling protocol will help to improve the OTDOA accuracy. Some examples of such information are:

•
The UE may support a set of different reference cell strategies, such as the cell corresponding to the i) lowest TOA error variance, ii) shortest TOA, iii) lowest delay spread, etc., and different strategies may work better or worse in different areas in the network. By taking advantage of hybrid information including GNSS, the E-SMLC can establish statistics to understand which reference cell selection strategy is preferable for the particular scenario the UE is experiencing. Therefore, a relevant enhancement is the possibility for E-SMLC to indicate the preferred reference selection strategy to the UE, and the UE to indicate the selected strategy to the E-SMLC.

•
Different types of neighbour cells may be associated with different priorities for reference cell selection. For example, the E-SMLC may indicate a higher priority for macro cells over pico cells to be used as reference cells. Thus the UE should take into account that detectable macro cells are preferred as reference cells. The order of the neighbour cells in the existing assistance data via LPP can be used to encode priorities, but a more flexible priority handling can be beneficial.

Different neighbour cells may have different uncertainties associated with them (for example, the deployed location may be uncertain), and this could be indicated to the UE. For example, if the UE is selecting the reference cell based on TOA error variance, then the selection should be based on a combination of the estimated TOA error as well as the cell-specific uncertainty. One simple example is if the TOA error is translated into meters, and the cell-specific uncertainty is also a variance measure in meters, then the total error variance is the sum of the two, and the reference cell selection is based on the total error variance.  This is slightly related to the existing expectedRSTD-Uncertainty attribute, but with a more specific meaning and used for reference cell selection.

7.1.1.3
Enhanced RSTD Reporting

The following enhancements should be studied.

7.1.1.3.1
Enhanced RSTD quantization and additional signalling support

The RSTD report mapping has a range between -15391 Ts to 15391 Ts, where the resolution is 1Ts within ± 4096 Ts, and 5 Ts otherwise.  This level of quantization accuracy can be further improvedin some indoor positioning scenarios. The simulation results from TR36.855 clause 5.3 suggest that the quantization accuracy can be less than 0.5Ts in some scenarios. Therefore, it is benefits of finer RSTD reporting resolution, at least including 0.5Ts.

Furthermore, if reference and neighbouring cells are small cells and the corresponding RSTD measurements have much lower absolute values, then a large part in the range of the quantization map [[25], Section 9.1.10.3] cannot be utilized.  In this case, the quantization resolution can be improved by re-defining range of the quantization map.

In certain situations, the location server can assess if there is a potential gain in refining RSTD measurement reports. For example, such assessment can be based on the level of network synchronization between carrier frequency layers. The location server can provide additional information in signalling protocol to the target UE if a finer RSTD measurements report can be useful. Similarly, an advanced UE can also assess if there is a potential gain in refining RSTD measurement reports. Such an assessment can be based on a TOA estimation method employed at the UE.  Moreover, the UE can also make a choice for a certain range of RSTD reporting map (including possibly a different resolution) based on the absolute values of the RSTD measurements and the sampling rate at the UE. Therefore, it is beneficial to allow the UE to select an appropriate RSTD report map based on either an indication from the location server and/or a self-assessment within the UE. Hence, additional signalling in the protocol to indicate which RSTD report mapping is to be used between the E-SLMC and the UE should be introduced.
7.1.1.3.2
Enhanced RSTD measurement quality report

The existing RSTD measurement quality reporting is inadequate, since it does not indicate the nature and statistical properties of the received PRSs and associated radio conditions. Aspects like SNR and channel dispersion have critical effects on the estimation. Also indications that the PRS may be subject to NLOS propagation could help the location server to properly asses and weight the RSTD measurement in the location algorithm. Hence, the benefits of alternative and refined RSTD measurement quality assessments should be evaluated.

7.1.1.3.3
RSTD report via RRC

Currently, RSTD reports are only sent via LPP. However, RSTD via RRC enables time alignment of (a) information from the UE such as RSTD and (b) information established in the eNB such as AoA. It also enables multiple RSTD over a response time window in a resource efficient manner compared to only one RSTD report. Further it enables coordination of PRS transmissions and low interference subframes over X2. 

There is also another use of RSTDs associated to indoor small cells, and that concerns time synchronization of the small cell in relation to a macro cell. Normally, macro cell time synchronization is based on GNSS, but without GNSS coverage indoors, small cells need a different solution. Therefore, there are other benefits than positioning improvements associated to RSTD reported via RRC.

With RSTDs reported via RRC to the eNB, these can be conveyed to E-SMLC via LPPa as part of E-CID and can thereby be time aligned with other E-CID information. This enables hybrid E-CID positioning that also can consider reported RSTD. The assistance information can still be conveyed via LPP, or alternatively via LPPa+RRC. Hence, the configuration options and benefits of RSTD reporting via RRC + LPPa should be investigated.

7.1.1.4
Other Potential Enhancements

7.1.1.4.1
Dynamic PRS Configuration Adaptation

The PRS configuration, muting pattern and PRS power assignment to cells is usually static and optimized for good average performance over the network. 

However, there are usually locations where the muting pattern is less optimal compared to other locations in the network (e.g. inside some buildings or on the fringes of the network). For some high-priority uses cases (such as emergency calls, for example) it may be beneficial to locally optimize the PRS configuration, muting pattern or PRS power boost levels for an individual UE. For example, if the a-priori location of the target UE is known (serving cell), the muting pattern and PRS power levels of the assistance data cells could be optimized for this particular UE (location). The muting pattern and power boost levels for the cells in the assistance data list may then dynamically be adjusted (e.g., via LPPa [20]

 REF _Ref420442926 \r \h 
) to provide the optimal combination of muting and PRS power levels for that particular UE. Also, the number of PRS subframes in a positioning occasion may temporarily be increased to serve high priority uses case with an optimal PRS configuration.

This adjustment would also impact UEs at other locations which use any of such dynamically optimized cells in the assistance data at the same time as well. However, only a subset of the cells for those UEs would usually be affected which may be acceptable and may not degrade overall performance.

<Unchanged sections omitted>
<End of changed >
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