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1 Introduction

Part of the objective of the SI on indoor positioning enhancements [1], is to evaluate potential 3GPP positioning enhancements for indoor users: 

Evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals [RAN1]
In previous meetings, the following potential enhancements related to PRS have been discussed: 
· Enhanced positioning reference signals
· More dense PRS in time domain
· New PRS pattern
· PRS transmission enhancements for the same PCI case
In addition to PRS enhancements, the accuracy of OTDOA-based positioning depends heavily on the quality and accuracy of the measured RSTDs that are conveyed from the UE to the E-SMLC. In this contribution therefore, enhancements on RSTD measurement reporting will be discussed. 
Further Rel-13 MTC UEs are currently being standardized, whose transmitting and receiving capabilities are limited to 1.4 MHz in a subframe. We discuss also enhancements for supporting such MTC UEs.
2 Enhancements on RSTD reporting
The positioning related functionalities in current 3GPP specifications were designed for outdoor scenarios since release 9. As shown in Table 1, the reporting range of RSTD measurement is defined from -15391Ts to 15391Ts, equivalent to covering a wide range in distance. In the current study item, the target is to enhance the positioning performance for indoor scenarios, where such wide range of RSTD measurement is not necessary. On the other hand, indoor scenarios demand much higher positioning accuracy. This could be limited by the RSTD resolution. Also can been seen from Table 1, the highest RSTD resolution is 1Ts, equivalent to approximately 9.8 meters. This resolution is inadequate for accurate indoor positioning, in particular for those requiring vertical positioning. Consequently, for indoor positioning enhancements, we consider the following aspects related to RSTD reporting: 
· New design of RSTD measurement reporting
· Adaptive RSTD reporting for OTDOA
	Reported Value
	Measured Quantity Value
	Unit

	RSTD_0000
	-15391 > RSTD
	Ts

	RSTD_0001
	-15391 ( RSTD < -15386
	Ts

	…
	(
	…

	RSTD_2258
	-4106 ( RSTD < -4101
	Ts

	RSTD_2259
	-4101 ( RSTD < -4096
	Ts

	RSTD_2260
	-4096 ( RSTD < -4095
	Ts

	RSTD_2261
	-4095 ( RSTD < -4094
	Ts

	(
	(
	…

	RSTD_6353
	-3 ( RSTD ( -2
	Ts

	RSTD_6354
	-2 ( RSTD ( -1
	Ts

	RSTD_6355
	-1 ( RSTD ( 0
	Ts

	RSTD_6356
	0 < RSTD ( 1
	Ts

	RSTD_6357
	1 < RSTD ( 2
	Ts

	RSTD_6358
	2 < RSTD ( 3
	Ts

	…
	…
	…

	RSTD_10450
	4094 < RSTD ( 4095
	Ts

	RSTD_10451
	4095 < RSTD ( 4096
	Ts

	RSTD_10452
	4096 < RSTD ( 4101
	Ts

	RSTD_10453
	4101 < RSTD ( 4106
	Ts

	…
	…
	…

	RSTD_12709
	15381 < RSTD ( 15386
	Ts

	RSTD_12710
	15386 < RSTD ( 15391
	Ts

	RSTD_12711
	15391 < RSTD
	Ts


Table 1. RSTD report mapping [2]
2.1 New design of RSTD measurement reporting
The RSTD measurements are quantized and reported to the E-SMLC through the LPP. For signalling purpose, current specification defines the above RSTD report mapping table. As seen in Table 1, currently this includes the following characteristics: 

(a) resolution (also called granularity) of the measurement, for instance, the 1 Ts and 5 Ts resolution currently in RSTD report mapping; 

(b) range of the measured value, for example, the -15391Ts to 15391Ts reporting range currently used in RSTD report mapping
For positioning in indoor or other short-range scenarios, a new design of RSTD report mapping table should be considered. The design of such RSTD mapping table should satisfy the following requirements:  
(a) The new mapping table shall be able to provide higher resolution in RSTD measurement, for example up to 0.5 or 0.25 Ts. 
(b) The new mapping table shall be designed to cover a smaller range of RSTD measurement values, equivalently a smaller range in distance. 
(c) In order not to increase the signalling overhead, it is preferable to keep the same table size as the legacy RSTD mapping table.
Proposal 1: A new design of RSTD report mapping suitable for positioning in indoor or other short-range scenarios shall be considered. This new RSTD mapping table should provide higher resolution in RSTD measurement and cover a smaller range of RSTD measurement values.  
Proposal 2: It is preferable to preserve the table size of the new RSTD mapping table, i.e. the number of table entries as legacy. 
An exemplifying RSTD mapping table that is dedicated to indoor positioning is shown in Table 2. In the proposed RSTD mapping table, the RSTD resolution is 0.25Ts in the central region. When moving towards the table edges, the resolution gradually increases to from 0.25Ts to 0.5Ts and then 1Ts. 
	Reported Value
	Measured Quantity Value
	Unit

	RSTD_0000
	-2000 > RSTD
	Ts

	RSTD_0001
	-2000 ( RSTD < -1999
	Ts

	…
	(
	…

	RSTD_m
	-1498 ( RSTD < -1498.5
	Ts

	RSTD_m+1
	-1498.5 ( RSTD < -1499
	Ts

	RSTD_m+2
	-1499 ( RSTD < -1499.5
	Ts

	(
	(
	…

	RSTD_6353
	-0.75 ( RSTD ( -0.5
	Ts

	RSTD_6354
	-0.5 ( RSTD ( -0.25
	Ts

	RSTD_6355
	-0.25 ( RSTD ( 0
	Ts

	RSTD_6356
	0 < RSTD ( 0.25
	Ts

	RSTD_6357
	0.25 < RSTD ( 0.5
	Ts

	RSTD_6358
	0.5 < RSTD ( 0.75
	Ts

	…
	…
	…

	RSTD_n
	1500.5 < RSTD ( 1501
	Ts

	RSTD_n+1
	1501 < RSTD ( 1501.5
	Ts

	RSTD_n+2
	1501.5 < RSTD ( 1502
	Ts

	…
	…
	…

	RSTD_12709
	15381 < RSTD ( 15386
	Ts

	RSTD_12710
	1999 < RSTD ( 2000
	Ts

	RSTD_12711
	2000 < RSTD
	Ts


Table 2. An example of proposed RSTD report mapping.
2.2 Adaptive RSTD measurement reporting
In last section, we have described the new design of RSTD mapping table to support UE for indoor positioning. In practice, the target UE is mobile and may experience different operating conditions from time to time, for example, walking from indoor to outdoor. So, to achieve appropriate positioning performance, the UE should be able to adaptively select the optimal RSTD mapping table according to the operating conditions such as
(a) indoor vs outdoor environment;

(b) cell size of the network deployment, e.g., macro-cell vs small cell; 
(c) mobility speed of the UE, etc. 
Practically speaking, the level of RSTD measurement accuracy a UE is able to achieve depends on  the OTDOA configuration parameters. For example, the following parameters affect the RSTD measurement accuracy achievable as shown in tables of [2]: 
(a) PRS bandwidth or the true measurement bandwidth;
(b) the number of consecutive downlink subframes NPRS for PRS; 
(c) PRS periodicity, etc. 

Proposal 3: For proper positioning performance in different scenarios, the UE should be able to adapt the RSTD measurement report mapping.

Proposal 4. The UE should be able to adapt the RSTD mapping tables based on operating conditions and/or OTDOA configuration parameters. 
2.3 Richer UE feedback

The listed enhancements above have the potential to make the positioning accuracy not dependent on RSTD representation, but on the RSTD estimation accuracy. This is very promising in line-of-sight conditions when the TOA estimates reflect the LoS component. However, if the UE receiver selects an NLoS component to reflect the TOA estimate, then the TOA estimate, as well as the RSTD estimate, is biased, resulting in a significant positioning error. 
Consider the scenario with three cells in Figure 1a with specific focus on cells 1 and 3. Assume that TOA of cell 1 is accurate, and that the PRS cross correlation function of cell 2 is represented by Figure 1b. If TOA estimation is based on the marked threshold, the UE receiver will not select the LoS path and cell 3 TOA will be biased, which means that RSTD for cell 3 relative cell 1, denoted 13, will be biased. Given a measurement of 13 and information about the error distribution we formulate at the location server the likelihood of different UE position candidates Pi in relation to known base station positions PBS1 and PBS3: 


13 = |Pi - PBS1| - |Pi - PBS3| + e13
where e13 is the additive error. Denote the assumed RSTD error distribution pe13(x), we get the likelihood as


pe13(n0_13 - |Pi - PBS1| + |Pi - PBS3|)

for all different position candidates Pi.

Figure 1c illustrates the resulting likelihood corresponding to the biased RSTD estimate which will neglect the true UE position.

If instead the TOA estimator would make soft decisions and report rich cross correlation information such as the time lag of all significant peaks (in this case four peaks), then the location server could compile a more accurate RSTD error distribution. In Figure 1d, the UE has reported the time lag of all four significant peaks, which was enabled by a using a lower threshold. This implies a wider likelihood which now provides some weight in the likelihood for the true UE position. In this example, the UE receiver identifies significant distinct peaks, and reports time lags and weight, and only one TOA estimation variance assumed the same for all peaks. The location server reproduces the RSTD error representation as a Gaussian mixture, which is used as the RSTD error distribution. 
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Figure 1. a) A scenario with focus on RSTD of cell 1 relative cell 3, b) observed PRS cross correlation function, c) likelihood based on a biased cell 3 TOA estimate, d) likelihood based on rich PRS cross correlation feedback. The circle in the latter two sub-figures represents the true UE position.
Therefore, we conclude that it is highly relevant to consider rich cross correlation feedback to include information about multiple RSTD hypotheses, since this has the potential to bring down the positioning accuracy significantly.
Proposal 5. Consider rich cross correlation feedback to represent multiple RSTD hypotheses.
The time lags of the different peaks of the cross correlation function are close in time. If these lags are represented relative the first time lag, very few bits are needed to represent each peak, which means that the additional signalling costs are very limited, especially compared to the potential benefits.

Proposal 6. Consider a time lag representation relative the first peak time lag to make the representation compact.
3 Enhancements for MTC UEs

As described in [3], the Rel-13 MTC UE will have a reduced RF bandwidth of 1.4 MHz for lower component costs as well as reduced complexity of the receiver and the transmitter. The reduced RF bandwidth implies that the UE will be able to span a maximum transmission/reception bandwidth of 6 contiguous PRBs. In the systems with bandwidth larger than 1.4 MHz, the UE will be limited to a narrowband within the overall system bandwidth.
In current specification, the PRS transmission occupies full or part of the system bandwidth according to higher configuration parameter NPRS. However, the Rel-13 MTC UE is not able to receive more than 6 PRBs of PRS in a subframe, regardless of system bandwidth. Based on such a small bandwidth for PRS, the positioning performance is likely to be significantly degraded. Accordingly, there is a need for PRS enhancements for positioning Rel-13 MTC UEs.
Proposal 7: Enhancements should also be considered to support positioning Rel-13 MTC UEs. 

If degraded performance is tolerable, existing PRS transmission does not have to be modified, and the MTC UE attempts to generate RSTD measurement via intelligent receiver design. For example, The Rel-13 MTC UE, at the receiver side, dwells at a given PRS narrowband throughout a PRS occasion. Between PRS occasions, the MTC UE may use frequency hopping to achieve diversity. In other words, due to the availability of the full or wide PRS bandwidth, for each PRS occasion the Rel-13 MTC UE selects the optimal PRS narrowband to carry out TOA measurements required by the RSTD calculation. This method has the advantages of (a) no retuning time within a PRS occasion and (b) frequency selectivity gain. On the other hand, if the UE is not able to select the best narrowband for PRS reception, the UE can obtain frequency diversity across subframes via frequency hopping. That is, the Rel-13 MTC UE retunes to a different PRS narrowband from subframe to subframe when monitoring the PRS in an occasion. Retuning for PRS reception is acceptable since PRS is not transmitted in the first 3 OFDM symbols in a subframe, and the duration of 3 OFDM symbols in the beginning of a subframe can be used as retuning time.  
If positioning accuracy of MTC UE needs to be improved beyond what’s possible with legacy PRS, dedicated PRS for MTC UEs may be considered. Since the Rel-13 MTC UEs are only capable of receiving 6 PRBs in a subframe, PRS narrowband can be introduced in addition to legacy PRS configuration. Within the new PRS narrowband, the eNB transmits PRS only in a single 6-PRB PRS narrowband in a subframe. Due to the reduced bandwidth, power boosting may be applied to PRS REs in a PRS narrowband. Furthermore, this allows the rest of the bandwidth to be used for any other signal or channel. 
Moreover, although OTDOA-based positioning function is available to MTC UEs, due to the low-complexity limitation of Rel-13 MTC UE, modifications are necessary to achieve sufficient performance. For example, new RSTD measurement accuracy needs to be developed for such UE. The reduced UE capability should also be indicated to E-SMLC. 
Proposal 8: MTC UE receiver design takes into account PRS positioning requirements. Frequency hopping is considered to achieve frequency diversity of PRS reception.
Proposal 9: New PRS narrowband is introduced to enhance OTDOA performance of MTC UE.

4 Conclusions
In this contribution we have discussed potential enhancements related to measurement reporting for OTDOA, and have the following proposals:

Proposal 1: A new design of RSTD report mapping suitable for positioning in indoor or other short-range scenarios shall be considered. This new RSTD mapping table should provide higher resolution in RSTD measurement and cover a smaller range of RSTD measurement values.  
Proposal 2: It is preferable to preserve the table size of the new RSTD mapping table, i.e. the number of table entries as legacy. 

Proposal 3: For proper positioning performance in different scenarios, the UE should be able to adapt the RSTD measurement report mapping.

Proposal 4. The UE should be able to adapt the RSTD mapping tables based on operating conditions and/or OTDOA configuration parameters. 

Proposal 5. Consider rich cross correlation feedback to represent multiple RSTD hypotheses.
Proposal 6. Consider a time lag representation relative the first peak time lag to make the representation compact.

Proposal 7: Enhancements should also be considered to support positioning Rel-13 MTC UEs. 

Proposal 8: MTC UE receiver design takes into account PRS positioning requirements. Frequency hopping is considered to achieve frequency diversity of PRS reception.
Proposal 9: New PRS narrowband is introduced to enhance OTDOA performance of MTC UE.
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7
Studied Positioning Technology Enhancements

7.1
RAT-dependent Positioning Technologies


7.1.1
OTDOA Enhancements

Editor’s Note: Other potential OTDOA enhancements are not precluded for evaluation.

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 insufficient in some scenarios. There are several indications that current UE receiver implementations can estimate the RSTD at a finer resolution than the current RSTD reporting resolution, which corresponds to 9.8 meters. The current RSTD reporting resolution is unnecessarily limiting, and we propose to evaluate benefits of finer RSTD reporting resolution, at least including 0.5 Ts and 0.25 Ts.

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.

For backward compatibility in upper-layer signalling, it is preferable to preserve the number of reported values, i.e. the table size of the RSTD mapping table. 

By taking the above considerations into account, an exemplifying RSTD mapping table that is dedicated to indoor positioning is shown below. In the proposed RSTD mapping table, the RSTD resolution is 0.25Ts in the central region. When moving towards the table edges, the resolution gradually increases to from 0.25Ts to 0.5Ts and then 1Ts. 
	Reported Value
	Measured Quantity Value
	Unit

	RSTD_0000
	-2000 > RSTD
	Ts

	RSTD_0001
	-2000 ( RSTD < -1999
	Ts

	…
	(
	…

	RSTD_m
	-1498 ( RSTD < -1498.5
	Ts

	RSTD_m+1
	-1498.5 ( RSTD < -1499
	Ts

	RSTD_m+2
	-1499 ( RSTD < -1499.5
	Ts

	(
	(
	…

	RSTD_6353
	-0.75 ( RSTD ( -0.5
	Ts

	RSTD_6354
	-0.5 ( RSTD ( -0.25
	Ts

	RSTD_6355
	-0.25 ( RSTD ( 0
	Ts

	RSTD_6356
	0 < RSTD ( 0.25
	Ts

	RSTD_6357
	0.25 < RSTD ( 0.5
	Ts

	RSTD_6358
	0.5 < RSTD ( 0.75
	Ts

	…
	…
	…

	RSTD_n
	1500.5 < RSTD ( 1501
	Ts

	RSTD_n+1
	1501 < RSTD ( 1501.5
	Ts

	RSTD_n+2
	1501.5 < RSTD ( 1502
	Ts

	…
	…
	…

	RSTD_12709
	15381 < RSTD ( 15386
	Ts

	RSTD_12710
	1999 < RSTD ( 2000
	Ts

	RSTD_12711
	2000 < RSTD
	Ts


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.
In addition, the selection or assessment of RSTD report mapping shall consider the operating conditions such as 
(a) indoor vs outdoor environment;

(b) cell size of the network deployment, e.g., macro-cell vs small cell; 

(c) mobility speed of the UE, etc. 
and/or one or combination of the OTDOA configuration parameters such as 

(a) PRS bandwidth or the true measurement bandwidth;
(b) the number of consecutive downlink subframes NPRS for PRS; 
(c) PRS periodicity, etc. 
…

7.1.1.3.4
Rich RSTD measurement reporting

To handle NLOS and potential RSTD estimation bias, the UE should be able to report rich RSTD information to reflect multiple RSTD hypothesis. If these time lags are represented relative the first peak, the representation of the additional peaks becomes very compact. In addition, the UE should be able to report a weight per peak, and a peak variance, either for each peak or a variance in common for all peaks.
7.1.1.4
Other Potential Enhancements
7.1.1.4.2
Enhancement for MTC UEs

The Rel-13 MTC UE is not able to receive more than 6 PRBs of PRS in a subframe, regardless of system bandwidth. Based on such a small bandwidth for PRS, the positioning performance is likely to be significantly degraded. Accordingly, there is a motivation for PRS enhancements for positioning Rel-13 MTC UEs.
The following two solutions can be considered for positioning Rel-13 MTC UEs:

- The MTC UEs measures only on a narrowband of the existing PRS and frequency hopping of such narrowband may be enabled to achieve frequency diversity between subframes;

- And/or on the eNB side, eNB transmits dedicated PRS for MTC UEs, that is, only a narrowband of PRS is transmitted in each PRS subframe.
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