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1. Introduction

In the RAN WG2#19 meeting an LS from WG4 [1] was presented regarding the effect of repeaters on positioning accuracy. 

The current document discusses some possible solutions.

2. Discussion 

For positioning, the UE/Node B need to take “RTT”, “SFN-SFN” and other timing measurements. For instance, the Node B needs to measure the Round Trip Time (RTT) between the DL of the DPCH and the time of the reception of the first significant path of the corresponding UL DPDCH/DPCCH frame from the UE. [3] Thus, the network can calculate the Node B-UE distance by associating this timing measurement with the fixed point of the Node B whose coordinates are known a-priory.

Repeaters are used for areas that there is no adequate coverage by Node Bs e.g. tunnels. They receive, amplify and transmit signals from/to the Node B, thus handling UL and DL traffic. In the UE side (in the DL) these signals appear as multipath. Due to the inherent delays of the link through the repeaters, those paths will be arriving at the UE side always delayed with reference to their corresponding multipaths from the Node B. (provided the UE receives both paths from the Node B and repeater.)

In the general case the UE/Node B will perform timing measurements and will calculate e.g. the RTT extracted from the first significant path, the first path to arrive in time. However, the network cannot know if this path is via the repeater or directly from the UE and thus it cannot know which point to associate this timing measurement with, either the Node B or the repeater. The network will always try to associate the timing measurements with the Node B. However, in those cases that paths are received through the repeater, the location quality will be severely degraded. Thus, the problem can be summarized in the following: The network needs to be able to know the “path/origin” of the signals that the UE/Node B are using for timing measurements and make the correct association.

Figure 1 presents the typical case of paths through the repeater or directly from/to the Node B.
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Figure 2 Repeater handling UL and DL traffic
Possible solutions could be the following:

1st  
Always (when a repeater is present in that cell) associate the timing measurements with both the Node B and the repeater and try to discard one of these points at a later stage with the help of additional information e.g. cell id. 

2nd 
Exclude the cell that has a repeater from the set of cells that are used for timing measurements and try to use all remaining ones for positioning. Addition of two points of ambiguity might introduce more error than actually not including them in our calculations.

3rd 
Compare the RTT measurement of that path with the max RTT related to the max radius of the cell (UE residing in the edge of the cell). By “extracting” information related to the repeater’s technical specifications and the topology of the network (τd : delay introduced by the repeater, distance between the Repeater-Node B) we can identify many scenarios that timing from paths through the repeater, will always be more than timing from the direct path from the UE.

In the LS [1] it was mentioned that typical delay values are 

(RB : t=f(Node B-Repeater distance),  in the range of 4-8 (s 

(R : t=f(Repeater-UE distance), in the range of 1-4 (s 

(d : Introduced by the filtering in the repeater, in the range of 5-6 (s 

The RTT for the direct path from the Node B (Figure 1/2)

A=RTT(NodeB)=2*T1+To+X=2*(d(NodeB-UE)/c) +To + X  

The RTT for the path through the repeater (Figure 1/2)

B=RTT(Rep)=2*(Tr+Td+Trb)+To + X=

                =(2*d(UE-Rep)/c) + 2*Td + (2*d(Rep-NodeB)/c)+To+X 

NOTES:

· To: Time that the DL DPDCH frame is “delayed” in the UE before the UL frame is transmitted

· X: Time that the 1st path takes to reach the UE from the Node B. For NLOS (Non-Line of Sight) cases.

· d(UE-Rep): Distance between the UE and the Repeater

· d(Rep-NodeB): Distance between the Repeater and the Node B.

· d(NodeB-UE): Distance between the Node B and the UE

We assume that d(UE-Rep)(0. So…

A=B(…(d(NodeB-UE)=d(Rep-NodeB) +Td*c

d(Rep-NodeB) and Td are already known due to the topology of the cell and the technical specifications of the repeater. Thus, d(NodeB-UE) is a function of Td and d(Rep-NodeB)
So, for all cells with
                      A<B(d(NodeB-UE)max < d(Rep-NodeB) +Td*c           (1)

Then, RTT(Rep)>RTT(NodeB-UE)max

Example: Td=5μsec(1.5km, d(NodeB-Rep)=1km

d(NodeB-UE)max<1+1.5=2.5km, 

So, for all cells these cells with R<2.5km and (Td, d(NodeB-Rep))=(5μsec, 1km), we can identify the origin of the path.

RTT(NodeB)max is the max timing for reaching a UE in the edge of the cell.

ALSO

A=B(…(Td=1/c*(d(NodeB-UE)max – d(Rep-NodeB))

So, for all cells with a repeater where

                 Td>(1/c*(d(NodeB-UE)max – d(Rep-NodeB)))                          (2)

Then, RTT(Rep)>RTT(NodeB-UE)max

Example: d(Rep-NodeB)=5km, d(NodeB-UE)max=6km, 

        d(Rep-NodeB)- d(NodeB-UE)max=1km(3μsec. 

So, for this cell with this e.g. Td=4μsec, we can identify the “origin” of the path

Summarising, if we can show that in most of the cases (of cells with repeaters) we can prove that the RTT(Rep) will be more than the RTT(NodeB-UE)max, then we can actually identify the “origin” of the path and prove that what we are measuring is the timing of NOT one possible path directly to/from the UE, but a path through the repeater.  

4th 
Compare two consecutive (or more) timing measurements (SFN-SFN) of paths together. (applied in the case that the UE can see both paths from the repeater and the Node B)

Suppose TI is the timing measurement from cell j at an instance t and TI+1 is the timing measurement at a timing instance t+dt of cell i or j. (dt can be slot/frame etc)

· If abs(TI-TI+1)< Threshold then we assume that paths are arriving from one point (either Node B or Repeater). 

· If abs(TI-TI+1)> Threshold, then we can assume we have two paths (one directly from the Node B and one through the Repeater) and then the longer one can be associated with the repeater (due to the inherent delays) and the shorter with the Node B. Especially in this case we can find ourselves with an additional point to enhance out calculations, which is the Repeater site.

Provided we take for granted that there is always an inherent delay of e.g. 3-6 μsec introduced by the repeater, then always abs(TI-TI+1) >3μsec. 3μsec(900m. If the timing measurements are taken every 1 sec, then this is corresponds to a velocity of almost 1km/sec (3600km/h); not a probable velocity for a UE.

[Note: The Tthreshold should be set so, that reflects to the maximum expected velocity of a UE between those two points that are being measured. 

3. Conclusion

Most of the above proposals are very dependent to the topology of the network, the cell size, the technical specifications of a repeater etc. However, if investigated properly they could lead to substantial improvement of positioning results in the presence of repeaters, especially due to the fact that when a repeater is present in a cell, it will catastrophically degrade the results.
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