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(1) Introduction

Document R2-010640 contained the functional specification of the Observed Time Difference Of Arrival utilising Positioning Elements (OTDOA-PE) method that has been incorporated into TR 25.847. The OTDOA-PE method has been marked in TR25.847 for discussion for inclusion into Release 5. 

The main points of discussion centre on the impact of increased interference associated with the deployment of PEs on the UE cell search/synchronisation procedure and system capacity as indicated in the WG2 UP Ad Hoc report R2-010646 and highlighted in the Layer 1 Impacts section (5.2.1) of TR25.847 (V4.0.0).  

The present contribution presents link level simulation results confirming the conclusion of the qualitative discussion in TR25.847 that the deployment of PEs will have very little impact on UE synchronisation. It is proposed to amend section 5.2.1.2 of TR25.847 on UE cell search/synchronisation as follows:

“Old text” – The potential for S-SCH based PE identifier codes interfering with the initial UE synchronisation process is extremely low. The chosen PE codes are not used elsewhere in the system and PE transmissions will be configured so that, as would be the case with idle slots, at all possible UE positions, PE code reception does not overlap with the SCH codes transmitted by the serving Node B. In the event of overlap with SCH codes from adjacent cells, even high cross correlation products with PE transmissions are unlikely to confuse the UE synchronisation process as PE transmissions occur a maximum of once per frame.

“New text”  - In the case of S-SCH like PE identifier codes, the chosen PE codes are not used elsewhere in the system and PE transmissions will be configured so that, as would be the case with idle slots, at all possible UE positions, PE code reception does not overlap with the SCH codes transmitted by the serving Node B. This configuration for S-SCH like PE codes has been shown to have minimal impact on the UE initial cell search/synchronisation procedure. Any overlap between system S-SCH and PE S-SCH like codes from adjacent cells is similarly expected to have minimal impact on UE synchronisation owing to the low repetition frequency of PE transmissions (e.g., once every 10 frames) and high path loss values. 
(2) OTDOA-PE UP Method Overview 

The OTDOA-PE method is an enhancement to the standard OTDOA UP method whereby the UE makes measurements on radio signals transmitted from a number of handset sized PEs located at reference points other than the Node Bs. The measurements are the same as those made in the standard OTDOA and OTDOA-IPDL UP methods. The provision of additional PE reference points for OTDOA measurements leads to a significant increase in positioning accuracy over the Node B based OTDOA UP method.
The basic role of the PEs is to transmit identifier codes of very short duration (e.g., 3 symbols with each symbol of length 256 chips) in the downlink at known times with regard to the timing of a serving cell Node B. Each PE transmits its identifier code at predetermined instances (defined by IPDL parameters) after the arrival of the start of frame at the PE position. The start of frame arrival time at each PE depends on the propagation delay between the Node B and the PE. Similarly, the UE makes a measurement at predetermined instances (defined by IPDL parameters) after the arrival of the start of frame at its position that is determined by the propagation delay between the Node B and UE. Section 4.4.4 of TR25.847 provides a more detailed overview and stage 2 functional specification of the OTDOA-PE method.  

Two candidate schemes have been considered for the PE identifier codes. One scheme uses codes comprising symbols generated with the same process as the system S-SCH codes but the codes themselves are not used elsewhere in the system. An alternative scheme for PE codes uses the first few symbols of downlink scrambling codes that are not used in neighbouring cells. In the case of S-SCH like PE codes, PE transmissions are configured so that PE code reception does not overlap with S-SCH codes transmitted by the serving Node B. 
Concern has been raised that the use of S-SCH like PE codes (even those not used elsewhere in the system and configured inline with IPDL parameters) carried the potential to confuse the initial UE cell search/synchronisation procedure. Link level simulation results are now presented to assess the PE impact on UE synchronisation for a range of UE sector positions. 

(3) Link level simulation configuration

The synchronisation analysis was performed in two steps with 6 PEs located relative to the serving Node B as shown in Figure 1 with the UE positioned at 50m intervals along the y(x=0) axis between y=50 and y=1000. In the first step, the SNIR of the serving Node B at each UE position relative to the surrounding base station interference was calculated (all PEs inactive). For each resulting SNIR, link level simulations according to the parameters in Table 1 were performed to determine the length of time (in number of 10ms frames) required for the UE to complete the three stages of the cell search/synchronisation procedure. 

In the second step of the analysis, the 6 PEs transmit 3 symbol S-SCH like codes not used elsewhere in the system once every 10 frames. The three symbols of the PE codes are placed randomly within the 10ms radio frame avoiding the first symbol of each slot that is used for system P-SCH and S-SCH sequences. Simulations according to the parameters in Table 1 were once again performed to determine the number of frames required for the UE to complete the 3-stage cell search/synchronisation procedure at each of the UE positions considered in the first step above. 

(4) Synchronisation impact results 
Figure 2 shows the comparison between the time required to achieve successful synchronisation for at least 90% of UEs at each of the 20 positions in the case with/without PEs. In the case with active PEs, the completion of the synchronisation process takes a single frame longer at y=150, 200, 250, 300, 350, 900, 950 and three frames longer at y=1000. 

Under the assumption of equal probability of the UE being at each of the positions considered, the position averaged time difference between synchronisation with/without PEs at the 90% (at least) cumulative success probability is 0.5 frame. 

(5) Conclusions

The impact of PE transmissions using S-SCH like codes on the UE cell search/synchronisation procedure has been investigated using link level simulations. The simulations show that the increased interference due to 6 PEs used for positioning purposes only increases the position averaged time to successful stage 3 synchronisation by 0.5 frame over the case without PEs. Accordingly, the deployment of PEs using S-SCH like codes for enhancing the standard OTDOA-IPDL UP method is deemed to have minimal impact on the UE cell search/synchronisation procedure.
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Figure 1 Sector distribution of PEs.

Channel model
Case 4 (TS25.101) <2 paths>

Serving Node B Tx power 
20 W

Node B S-SCH power ratio
-12 dB

Mobile speed
3 km/hr

Modulation
QPSK

Number of Users per cell
20

Data rate
16 kb/s

UE position
20 points between (0,50) & (0,1000) at 50m intervals 

Number of simulations at each UE position
100

PE signal duration
3 symbols (3*256 chips) 

Frequency of PE transmissions
Once every 10 frames

PE power
3.75% of Node B Tx power

Table 1 System simulation parameters.
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Figure 2 Comparison of synchronisation times with/without PEs at 90% (at least) cumulative success probability. 







