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1.  

Introduction
At RAN1#81, a text proposal for "UE Inter-Frequency RSTD Calibration Accuracy Reporting" was endorsed [1].
In this contribution, we provide the evaluation results and a corresponding text proposal for TR 37.857 [2].

2.  

Impact of UE Calibration Error on OTDOA Baseline
 

Performance 

Figures 1 and 2 below show the horizontal positioning error CDFs for Case#1 (outdoor macro and outdoor small cell deployment scenario) with 4 and 10 small cells, respectively. The macro cells operate on 2GHz carrier frequency and the small cells on 3.5 GHz carrier frequency [2].

The impact of UE calibration error on OTDOA baseline performance [3] is shown for various values of UE calibration error T1 for Case #1 with 4 small cells per cluster (Figure 1) and Case #1 with 10 small cells per cluster (Figure 2) [2]. The Table next to each Figure summarizes the 40-, 50-, 70-, 80- and 90-percentile error values together with the OTDOA success rate for the different levels of UE calibration error. The Table also shows the performance degradation in percent (compared to the baseline [3]). 
The performance degradation for Case #1 with 10 small cells is somewhat larger compared to the case with 4 small cells per cluster. This is because with 10 small cells per cluster, more inter-frequency measurements are made by the UE (compared to the case with 4 small cells per cluster), and therefore, more RSTD measurements are affected by the inter-frequency bias. 

Observation 1: 
For scenarios which require inter-frequency RSTD measurements, the UE calibration error has an impact on OTDOA performance. 
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Figure 1: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 4 small cells per cluster.
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Figure 2: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 10 small cells per cluster.

3. 

Solving for the UE Inter-Frequency Bias

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 has the same bias [4]. 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). 

Figures 3 and 4 below show the horizontal positioning error CDFs for Case#1 (outdoor macro and outdoor small cell deployment scenario) and various values of UE calibration error T1. The macro cells operate on 2GHz carrier frequency and the small cells on 3.5 GHz carrier frequency [2]. The dashed line in Figures 3 and 4 corresponds to the baseline result [3] (i.e., no UE calibration error and standard position calculation (no "solve for frequency bias")).  The blue line (T1=0 ns) corresponds to the case where no calibration error exists, but the position calculation function solves for the frequency bias in addition. As can be seen from Figures 3 and 4, there is a small performance degradation, since with one additional unknown there are less degrees of freedom (i.e., more measurements are needed). However, the performance is essentially independent of the value T1 of the UE calibration error. Even quite large UE calibration errors (500 ns) can be corrected in the position calculation function.
Observation 2: 
The location server/position calculation function can solve for any inter-frequency bias (UE calibration error) in addition to the UE location. 

Since the solution for the inter-frequency bias requires additional measurements, the location server should solve for any inter-frequency bias only when needed (i.e., when the UE calibration error is expected to be large). This could be accomplished by additional UE signaling. 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.

Observation 3: 
For inter-frequency RSTD measurements, the UE should provide an indication to the location server about estimated UE calibration accuracy for positioning enhancements.
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Figure 3: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 4 small cells per cluster and "Solve for Frequency-Bias".
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Figure 4: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 10 small cells per cluster and "Solve for Frequency-Bias".

4.  

Summary

In this contribution, we investigated the impact of UE calibration error on OTDOA baseline performance using the agreed evaluation scenarios [2]. A corresponding text proposal for TR 37.857 [2] is provided in the Annex of this contribution.
Proposal 1:
Include the attached text proposal in TR 37.857 [2].
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Annex:
Text Proposal for TR 37.857 V0.4.0
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 [19].  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. 

7.1.1.2.1.1
Impact of UE Calibration Error on OTDOA Baseline Performance
Figures 7.1.1.2.1.1-1 and 7.1.1.2.1.1-2 below show the horizontal positioning error CDFs for Case#1 (outdoor macro and outdoor small cell deployment scenario) with 4 and 10 small cells, respectively. The macro cells operate on 2GHz carrier frequency and the small cells on 3.5 GHz carrier frequency (see Table 5.1.1-1).

The impact of UE calibration error on OTDOA baseline performance is shown for various values of UE calibration error T1 for Case #1 with 4 small cells per cluster (Figure 7.1.1.2.1.1-1) and Case #1 with 10 small cells per cluster (Figure 7.1.1.2.1.1-2). The Table next to each Figure summarizes the 40-, 50-, 70-, 80- and 90-percentile error values together with the OTDOA success rate for the different levels of UE calibration error. The Table also shows the performance degradation in percent (compared to the baseline [17]). 
The performance degradation for Case #1 with 10 small cells is somewhat larger compared to the case with 4 small cells per cluster. This is because with 10 small cells per cluster, more inter-frequency measurements are made by the UE (compared to the case with 4 small cells per cluster), and therefore, more RSTD measurements are affected by the inter-frequency bias. 
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Figure 7.1.1.2.1.1-1: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 4 small cells per cluster (Qualcomm).
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Figure 7.1.1.2.1.1-2: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 10 small cells per cluster (Qualcomm).

7.1.1.2.1.2
Solving for the UE Inter-Frequency Bias
Figures 7.1.1.2.1.2-1 and 7.1.1.2.1.2-2 below show the horizontal positioning error CDFs for Case#1 (outdoor macro and outdoor small cell deployment scenario) and various values of UE calibration error T1. The macro cells operate on 2GHz carrier frequency and the small cells on 3.5 GHz carrier frequency (see Table 5.1.1-1). The dashed line in Figures 7.1.1.2.1.2-1 and 7.1.1.2.1.2-2 corresponds to the baseline result (i.e., no UE calibration error and standard position calculation (no "solve for frequency bias")).  The blue line (T1=0 ns) corresponds to the case where no calibration error exists, but the position calculation function solves for the frequency bias in addition. As can be seen from Figures 7.1.1.2.1.2-1 and 7.1.1.2.1.2-2, there is a small performance degradation, since with one additional unknown there are less degrees of freedom (i.e., more measurements are needed). However, the performance is essentially independent of the value T1 of the UE calibration error. Even quite large UE calibration errors (500 ns) can be corrected in the position calculation function.
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Figure 7.1.1.2.1.2-1: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 4 small cells per cluster and "Solve for Frequency-Bias" (Qualcomm).
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Figure 7.1.1.2.1.2-1: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 10 small cells per cluster and "Solve for Frequency-Bias" (Qualcomm).

Observations:
· For scenarios which require inter-frequency RSTD measurements, the UE calibration error has an impact on OTDOA performance. 

· The location server/position calculation function can solve for any inter-frequency bias (UE calibration error) in addition to the UE location. 

· For inter-frequency RSTD measurements, the UE should provide an indication to the location server about estimated UE calibration accuracy for positioning enhancements.
7.1.1.2.1.3
Specification Impacts
3GPP TS 36.355 [19]:
The UE inter-frequency RSTD calibration accuracy could be added to the OTDOA-ProvideLocationInformation message, which includes the OTDOA-SignalMeasurementInformation IE [19]. The reported RSTD measurements have already an associated "quality indicator". The same or similar indicator may also be used for the UE calibration accuracy.[image: image9.png]
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