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1
Introduction

In TS 36.355 [1], it is described that the RSTD reference cell in reported RSTD measurements may or may not be the same as the assistance data reference cell provided in OTDOA-ReferenceCellInfo. If all cells in OTDOA-NeighbourCellInfoList are in the same carrier, the selection of the RSTD reference cell has no impact on whether the reported RSTD measurements are intra-frequency or inter-frequency RSTD measurements. However, if all cells in OTDOA-NeighbourCellInfoList are not in the same carrier, then the selection of the RSTD reference cell in different carrier may lead to the UE to report different kinds of RSTD measurements: intra-frequency, or inter-frequency RSTD measurements, or mixed intra- and inter-frequency RSTD measurements. Giving the fact that the RSTD performance requirements are defined quite differently for intra-frequency or inter-frequency RSTD measurements, and the network does not have fully control the RSTD reference cell in reported RSTD measurements, it is necessary to clarify the impact of the selection of the RSTD reference cell on RSTD measurement performance as well as the final OTDOA solution. 
2
Discussions

The IE OTDOA-ProvideAssistanceData, which is used by the location server to provide assistance data to enable UE‑assisted downlink OTDOA [1], contains the IE OTDOA-ReferenceCellInfo, where the assistance data reference cell information for OTDOA assistance data is provided, and OTDOA-NeighbourCellInfoList, where the expected RSTDs of the neighboring cells relative to the reference cell are also provided.
The IE OTDOA-ProvideLocationInformation, which is used by the UE to provide RSTD measurements back to the location server, contains the IE OTDOA-ProvideLocationInformation, where the RSTD reference cell  along with the RSTD measurements from neighbor cells are provided. Since the expected RSTDs in OTDOA-NeighbourCellInfoList are provided relative to the the assistance data reference cell, it is expected in most cases that the UE will keep the assistance data reference cell as the RSTD reference cell. This is, however, not guaranteed. As described in [1], the RSTD reference cell may or may not be the same as the assistance data reference cell provided in OTDOA-ReferenceCellInfo. There could be different reasons for the UE to choose a different cell, other than assistance data reference cell, as the RSTD reference cell. One of them, for example, might be the case when the PRS signals of the assistance data reference cell is too weak to be detected or served as the RSTD reference cell.
If all cells in OTDOA-NeighbourCellInfoList are in the same carrier, the selection of the RSTD reference cell has no impact on whether the reported RSTD measurements are intra-frequency or inter-frequency RSTD measurements. If all cells in OTDOA-NeighbourCellInfoList are not in the same carrier, however, the selection of the RSTD reference cell in different carrier will impact on what kinds of RSTD measurements are reported from the UE: intra-frequency or inter-frequency RSTD measurements or mixed RSTD measurements.
From location calculation point of view, it is clear that the selection of the RSTD reference cell of different carrier should have no impact on the location calculation procedure as long as it is clear which cell is used as the reference cell for RSTDs measurements. It is not so obvious, however, on the impact of the RSTD reference cell selection on the RSTD measurement performance or location solution accuracy because of different selection may lead to the UE to report different types of RSTD measurements.
For example, let us assume
· A UE works on carrier aggregation mode with both PCell and SCell being activated; 

· The OTDOA-ProvideAssistanceData has only one cell in the secondary carrier, i.e., SCell
· The OTDOA-ProvideAssistanceData has PCell and a number of other cells (
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Then, regardless which cell is the assistance data reference cell in OTDOA-ReferenceCellInfo, the UE may select either SCell or a cell in primary carrier, e.g., PCell, as the RSTD reference cell. If SCell is selected, all reported RSTD measurements are inter-frequency RSTD measurements 
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. If PCell or another cell in PCC is selected as the RSTD reference cell, all RSTD measurements except one are intra-frequency RSTD measurements 
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In TS 36.133 [2], the performance of intra-frequency RSTD measurements and inter-frequency RSTD measurements are defined quite differently. As a matter of fact, the accuracy of inter-frequency RSTD measurements is defined much lower than intra-frequency RSTD measurements. Apparently, different selection of RSTD reference cell seems leading to different performance or accuracy of final OTDOA solution. In our example, if SCell is selected as the RSTD reference cell, one might think the final location solution would be much worse than a cell in primary carrier is selected. 
While a proper selection of the RSTD reference cell with good RF condition is important for providing reliable RSTD measurements, since the UE would not be able to provide RSTD measurements at all if the selecting an undeletable cell was selected as the RSTD reference cell. However, the selection of the RSTD reference cell in different carrier itself should not necessarily lead to different performance in OTDOA solution, since the performance of the RSTD measurements as well as the final OTDOA solutions should be determined by the PRS signal strength of all measuring cells but not the RSTD reference cell alone.
Using our previous example, the detected time of arrives (ToAs) after processing the PRS signals for the cells can be expressed as 
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Where 
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are the measured ToAs, the true ToAs, the ToA measurement errors associated with PCell, SCell and Cell j respectively. 

When the SCell is selected as the RSTD reference cell, the UE reports RSTD measurement are all inter-frequency measurements, which can be expressed as:
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with
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As shown in the above equation, when the SCell is selected as the reference cell, the RSTD measurements 
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 may be significant, because SCell are not in the same carrier as other measuring cells. 

When the PCell is selected as the RSTD reference cell, the reported RSTD measurement can be expressed as:
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Obviously, the accuracy of the 
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The equations (2) and (3) show that the selection of RSTD reference cell in different carriers results in the UE to report different sets of RSTD measurements. In our case, when SCell is selected as RSTD reference cell, all reported RSTDs are inter-frequency RSTD measurements, and when PCell is selected, all but one reported RSTDs are intra-frequency RSTD measurements. Considering intra-frequency RSTD measurements are normally more accurate than inter-frequency measurements, one might get an impression that selecting PCell as RSTD reference cell will lead to a better OTDOA performance. This impression, however, contracts the fundamental principle that the performance of OTDOA positioning depends on the PRS SNR of all measured cells, but not the selection of the timing reference point.
If we examine the equations (2) and (3) a little more closely, we will find that all RSTD measurements in equation 3, including intra-frequency 
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, can be derived from the inter-frequency RSTD measurements in equation 2. For example, we have


[image: image26.wmf]PCell

SCell

Cell

SCell

PCell

Scell

PCell

SCell

Cell

SCell

Cell

SCell

Cell

PCell

Cell

PCell

Cell

PCell

RSTD

RSTD

RSTD

RSTD

RSTD

RSTD

j

j

j

j

j

j

,

,

,

*

,

,

*

,

,

*

,

,

)

(

)

(

-

=

D

+

-

D

+

=

D

+

=



(4)

Therefore, selecting SCell as the RSTD reference cell is actually equivalent to selecting PCell as the RSTD reference cell, since the RSTD measurement set when PCell is selected as the RSTD reference cell can be re-constructed from the RSTD measurement set when SCell is selected. This finding should not be a surprise since it matches the fact that the performance of OTDOA positioning depends on the PRS SNR of the measured cells, but not the timing reference point.

From above discussion, we have come with the following conclusion: 

Regardless which cell is the assistance data reference cell in OTDOA-ReferenceCellInfo, the UE may select either SCell or a cell in primary carrier, e.g., PCell, as the RSTD reference cell. When OTDOA-NeighbourCellInfoList contains cells in multiple carriers, the selection of the RSTD reference cell in different carrier may lead to the UE to report different sets of RSTD measurements: intra-frequency, or inter-frequency RSTD measurements, or mixed intra- and inter-frequency RSTD measurements. However, regardless which cell is selected as the RSTD reference cell, the reported RSTD measurement sets should be equivalent in the sense that the intra-frequency RSTD measurements can be calculated from the inter-frequency RSTD measurements, and calculated intra-frequency RSTD measurements should be as good as the reported intra-frequency RSTD measurements RSTD measurements, and the performance of the OTDOA solution should be the same for different selection of the RSTD reference cell. 
Current specifications define UE to report time difference of arrive instead of time of arrive, which makes it necessary to select an RSTD reference cell. But, it does not, and should not, change the fundamental principle that the performance of PRS detection of a cell depends on PRS SNR of the cell, and thereby the performance of the OTDOA positioning depends on the PRS SNR of all measured cells. In another word, although the selection of RSTD reference cell in different carriers results in the UE to report different sets of RSTD measurements (inter-frequency, intra-frequency or mixed RSTD are reported), all these sets of RSTD measurements should be equal in terms of OTDOA positioning performance.
Based on above discussion, we propose to add the following clarification in Section 9.1.12 of TS 36.133 [3].

Intra-frequency RSTD measurements with both the reference cell and neighbouring cell belong to either the primary component carrier or the secondary component carrier may be calculated from the reported inter-frequency RSTD measurements with the reference cell and the neighbouring cell belonging to the difference carriers, one in the primary component carrier and the other in the secondary component carrier. In this case, the calculated intra-frequency RSTD measurements shall meet the intra-frequency RSTD accuracy requirements defined in section 9.1.10.1.
With above clarification, we will be able to solve the issue brought up in RAN4#62 on the impact of selection of RSTD reference cell on the development of CA RSTD test cases. In RAN4#62, a three cells configuration (PCell, SCell, and 3rd Cell in SCC) was proposed for testing the intra-frequency and inter-frequency RSTD accuracy for CA in RAN4#62[3]. During the discussion, it was commented that the test case might not be proper for testing intra-frequency RSTD accuracy since UE might select the PCell as the reference cell even if the reference cell in the OTDOA-ReferenceCellInfo is SCell. In this case, the UE would report two inter-frequency RSTD measurements instead one intra-frequency RSTD measurement and one inter-frequency RSTD measurement. With the above clarification, the selection of the RSTD reference cell is no longer an issue. If the UE happens to select the PCell as the reference cell and reports two inter-frequency RSTD measurements, an intra- frequency RSTD measurement can be derived from the two inter-frequency RSTD measurements for the verification of the UE’s intra-frequency RSTD performance. 

3
Conclusion
In this paper, we discuss the impact of the reference cell selection in different carrier on RSTD measurements and OTDOA performance. Based on the discussion, we clarified that the RSTD measurement performance as well as the OTODA performance should not be impacted by the selection of the reference cell selection in different carrier. If the selection of RSTD reference cell leads to report inter-frequency RSTD measurements, instead of intra-frequency RSTD measurements, the intra-frequency RSTD measurements can be calculated from the reported inter-frequency RSTD measurements. The calculated intra-frequency RSTD measurements should meet the same accuracy requirements as if the intra-frequency RSTD measurements were reported directly from the UE.
Based on the discussion and the observation, we propose to add the following clarification in Section 9.1.12 of TS 36.133 [3].
Intra-frequency RSTD measurements with both the reference cell and neighbouring cell belong to either the primary component carrier or the secondary component carrier may be obtained from the differences of reported inter-frequency RSTD measurements with the reference cell and the neighbouring cell belonging to the difference carriers, one in the primary component carrier and the other in the secondary component carrier. In this case, the intra-frequency RSTD measurements shall meet the intra-frequency RSTD accuracy requirements defined in section 9.1.10.1.
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