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Summary for the contribtuion of R1-010887 UE Positioning without IPDL

This contribution introduces R1 document R1-010887 UE Positioning without IPDL which is under discussion in WG1. The contribution R1-010887 addresses the method using the DwPCH in order to support UE positioning without IPDL. The IPDL is not imperative for UE positioning for 1.28 Mcps TDD because DwPTS in 1.28 Mcps TDD is used exclusively for UE positioning, i.e. there is no other signals on DwPTS except those for UE positioning, and because the method can be improved for UE Positioning by implementing the interference cancellation technique. Furthermore, the reliability of UE positioning will be improved due to the increase of the number of updating process by using DwPTS since the use of IPDL requires higher layer signaling and it has the disadvantages of the limitation of the number of updating process. Therefore, scheduling of blanking DwPTS (i.e., IPDL) for all Node B’s may not be needed for UE positioning. If the IPDL is not used for UE positioning, the initial cell search and handoff of a UE will not be disturbed. This will improve the efficient use of downlink channel resources.

Therefore, this contribution proposes that decision for the TR “UE Positioning Enhancement for 1.28 Mcps TDD” could be made after WG1’s discussion on issues of the IPDL.

Document of R1-010887 UE Positioning without IPDL

Introduction

The work items "Node B Synchronization for 1.28 Mcps TDD" and “UE Positioning enhancement for 1.28 Mcps TDD” had been defined for 1.28 Mcps TDD. In Release 4, no methods for Node B synchronization via the air were specified; UE positioning was either based on cell id, GPS assisted, or OTDOA but without enhancements like IPDL. Recently, in R1-01-0603, UE positioning based on IPDL in 1.28 Mcps TDD has been proposed.
This document addresses the method using the DwPCH in order to support UE positioning without IPDL. If IPDL is not used for UE positioning, the scheduling of blanking (IPDL) for UE positioning is not needed.  The proposed scheme uses the interference cancellation technique to remove the DwPCH from the serving Node B instead of using IPDL. There is no other traffic channel in the transmission of DwPTS, and DwPCH is an unmodulated signal in 1.28 Mcps TDD. This property of 1.28 Mcps TDD gives nearly the same performance in using proposed scheme, compared to the conventional scheme with IPDL.
Conventional UE positioning with IPDL (R1-01-0603)
Description

The Node B transmits its normal DwPCH, i.e., the SYNC-DL sequence of length N=64 in the DwPTS. While UEs in the cell of serving Node B measure these sequences from the neighboring Node Bs, the DwPTS of the serving cell has to be blanked for certain sub-frames. It allows the measurement of reliable OTDOA even though a UE is located near the serving Node B. The scheduling which subframes will be blanked is controlled by the RNC. With the received time difference (OTDOA) of the DwPCH reported to the UTRAN, the UTRAN could determine the position of the UE. Therefore, the conventional IPDL method can support UE positioning. However, when the UE is located near the cell boundary of the serving Node B, the effect of IPDL in that case can be reduced since the strength of received DwPCH from the serving Node B is not much larger than those from neighboring Node B’s. 
[image: image1.emf](X

1

, Y

1

, Z

1

, T

1

)

(X

2

, Y

2

, Z

2

, T

2

)

(X

3

, Y

3

, Z

3

, T

3

)

(X

6

, Y

6

, Z

6

, T

6

)

(X

5

, Y

5

, Z

5

, T

5

)

(X

4

, Y

4

, Z

4

, T

4

)

(X

0

, Y

0

, Z

0

, T

0

)


Figure 1. UE Positioning with IPDL for 1.28 Mcps TDD
Proposed UE positioning without IPDL

Description

A Node B transmits its normal DwPCH, i.e., the SYNC-DL sequence of length N=64 in the DwPTS. A UE listens to DwPCH’s from the serving Node B and its neighboring Node B’s. If the UE is located near the serving Node B, the strength of received DwPCH from the serving Node B is larger than those from neighboring Node B’s. Then, it is difficult for the UTRAN to determine the position of the UE because OTDOA of the DwPCH reported to the UTRAN is unreliable. There are two solutions about this case. The first one is determining (x,y,z) ( (X0, Y0, Z0). It is simpler, but its accuracy is low and depends on the cell size. The second one is the cancellation of the DwPCH from the serving Node B. It is noted that the signal to interference ratio (SIR) of the received DwPCH from serving Node B is very high and the unmodulated DwPCH of known sequence is the only one channel existing in DwPTS. It is the best condition for canceling the received DwPCH from the signal received at the UE: the cancellation of dominant DwPCH from serving Node B is simpler than the conventional interference cancellation for data modulated channels. If the UE is located near the cell boundary of the serving Node B, the strength of received DwPCH from the serving Node B is not much larger than those from neighboring Node B’s. In that case the UTRAN can determine the position of the UE even though DwPCH from the serving Node B is not cancelled from the received signal. That’s why the signal received from Master Node B is not as much as that from neighboring Node B’s.
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Figure 2. UE Positioning without IPDL for 1.28 Mcps TDD
Conclusion

This contribution proposes that the IPDL is not imperative for UE positioning for 1.28 Mcps TDD because DwPTS in 1.28 Mcps TDD can be used for UE Positioning by implementing the interference cancellation technique. Furthermore, the reliability of UE positioning will be improved due to the increase of the number of updating process by using DwPTS since the use of IPDL should be assigned by higher layer signaling and the limitation of the number of updating process. Therefore, scheduling of blanking DwPTS (i.e., IPDL) for all Node B’s is not needed for UE positioning. If the IPDL is not used for UE positioning, the initial cell search and handoff of a UE will not be disturbed. This will improve the efficient use of downlink channel resources.

Appendix 

UE Positioning for 1.28 Mcps TDD
Notations for Mathematical Analysis
Table 1. Notations for Analysis
Notation
Meaning

(Xb, Yb, Zb)
3-dimentional position of Node B #b

(x,y,z)
3-dimentional position of a UE

Tb
Absolute starting time of DwPTS at Node B #b

r(t)
Received signal at a UE

(b
Short-term fading of DwPCH from Node B #b

(b
Long-term shadow fading of DwPCH from Node B #b

cb(t)
SYNC_DL code at Node B #b

N
Length of SYNC_DL code (typically, N = 64)

(
Propagation loss constant (typically, ( = 2~4)

rb
Distance between a UE and Node B #b
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tb
Propagation delay of DwPCH from Node B #b to a UE
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Estimated propagation delay of DwPCH from Node B #b to a UE

Tc
Chip duration (= 1/1.28 (s)


[image: image5.wmf]b

I

S

÷

ø

ö

ç

è

æ


Received Singal to Interferance Ratio (SIR) of DwPCH from Node B #b to a UE
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Cross-correlation between DwPCH’s from Node B #b and DwPCH from Node B #(


[image: image7.wmf](

)

b

b

bb

t

t

R

ˆ

-


Auto-correlation of DwPCH from Node B #b

n(t)
Additive white gaussian noise (AWGN)

Assumptions for Mathematical Analysis
· Node B’s are perfectly synchronized, i.e., 
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· Received signal strength of DwPCH from Node B’s located within the first tier is more dominent than the outer tiers.

· Channel from each Node B experiences single-path fading.
· Interference is larger than AWGN.
Conventional UE positioning without IPDL

Description

The Node B transmits its normal DwPCH, i.e., the SYNC-DL sequence of length N=64 in the DwPTS. A UE listens to the serving Node B and neighboring Node B’s. If the UE is located near the cell boundary of the serving Node B, the strength of received DwPCH from the serving Node B is not much larger than those from neighboring Node B’s. In that case the UTRAN can determine the position of the UE because OTDOA of the DwPCH reported to the UTRAN is reliable. However, if the UE is located near the serving Node B, the strength of received DwPCH from the serving Node B is much larger than those from neighboring Node B’s. Then, it is difficult for the UTRAN to determine the position of the UE because OTDOA of the DwPCH reported to the UTRAN is unreliable.
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Figure 3. UE Positioning for 1.28 Mcps TDD
Received signal at a UE (blue or red) in the coverage of Node B #0 is expressed as
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Despreading the received signal r(t) with SYNC_DL code, c((t), of Node B #(, yields
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The received SIR of DwPCH from Node B #( is written as
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Since the UE is located within the coverage of Node B #0, as shown in Figure 1, the received SIR of DwPCH from Node B #0 may be the largest.
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For a UE (blue) located near the Node B #0, i.e., 
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 in Figure 1,
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Since (S/I)( is very low, the OTOA of the DwPCH from Node B #( is not reliable. It causes the unreliable measurement of OTDOA of the DwPCH.

For a UE (red) located near the cell boundary of Node B #0, i.e., 
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Conventional UE positioning with IPDL

Received signal at a UE (Blue or Red) in the coverage of Node B #0 is described as
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Despreading the received signal r(t) with SYNC_DL code, c((t), of Node B #(, yields
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The received SIR of DwPCH from Node B #( is written as
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Since the UE is located within the coverage of Node B #0, as shown in Figure 1, the received SIR of DwPCH from Node B #0 is the largest.
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For a UE (blue or red) located within the cell of Node B #0 in Figure 1, the received SIR of DwPCH from Node B #0 is derived as
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Proposed UE positioning without IPDL

Received signal at a UE (Blue or Red) in the coverage of Node B #0 is expressed as
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Despreading the received signal r(t) with SYNC_DL code, c((t), of Node B #(, yields
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For a UE (blue) located near the Node B #0, i.e., 
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 in Figure 2, the interference cancellation can be used. However, for a UE (red) located near the cell boundary of Node B #0, i.e., 
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 in Figure 3, the interference cancellation need not be used because it is not efficient. 

Subtracting the SYNC_DL code, c0(t), of the above gain factor from the received signal r(t), yields
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where 
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Since the UE is located within the coverage of Node B #0, as shown in Figure 2, the received SIR of DwPCH from Node B #0 is the largest.
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And if the UE (blue) located near the Node B #0, i.e., 
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 in Figure 2, the received SIR of DwPCH from Node B #( is written as


[image: image34.wmf](

)

(

)

2

6

1

10

2

10

ˆ

10

ˆ

10

å

¹

=

-

-

-

-

×

×

÷

÷

ø

ö

ç

ç

è

æ

×

-

×

×

=

÷

ø

ö

ç

è

æ

b

b

b

z

g

b

b

b

bb

z

b

b

a

a

b

b

b

b

b

b

b

t

t

R

r

r

t

t

R

I

S

b


For a UE (red) located near the cell boundary of Node B #0, i.e., 
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 in Figure 3,
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