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1 Introduction

Present restructured TS 25.133 on RRM contains several requirements on delay constrained by the available cell overlap in critical tunnel entrances set by practical deployments by leaky feeders and/or repeater antennas substituting missing BS being not allowed or too expensive to build at the entrance. 

2 General

Present 3G TS 25.133 delay limits for cell reselection and handover are usually set by [X] or [5] s. 

Measurements done by Telia Mobile for checking indoor QoS in fast trains have shown the most critical areas for dropping calls being tunnel entrances, see attached TEMS line charts from ARN.

3 Proposal

The important tunnel entrance cell overlap was found to range between 5 s and 15 s dependent on definition and travel direction, see attached TEMS line chart report from the Arlanda (ARN) tunnel. Avoiding the worst case of dropped calls all the delay limits in TS 25.133 should be set to X = [5] s.

4 Test Results

The results are extracted from Telia Mobile´s measurements on the high speed train that runs between Stockholm Central Station and Arlanda Airport (Arlanda Express). The train travels with a speed of approximately 200 km/h, but in the Arlanda tunnel entrance at max 160 km/h (ear protection). 

The measurements were performed with an Ericsson TEMS SH888 MS and PC SW. The MS was positioned inside the train as a normal customer would use it. No indoor repeater was used, but the windows were not metallised. The handover process was recorded between distant BS and leaky feeder BS inside the Arlanda tunnel. The BS at the tunnel entrance was refused by the airport authority.

The measurement results in the attached document are presented as screen shots from the TEMS PC application. The “watchpoint” is used to synchronize the presentation between the windows. 
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Background



GSM usage on high speed trains put strong requirements on system performance, e.g. handover execution times and MS neighbour measurements. This PM presents some results showing the radio environment and system performance when running into and out of a train tunnel opening. The purpose is to get some idea of the cell overlap that is needed for the crucial handover between an outdoor cell and a tunnel cell.


Measurements



The results are extracted from Telia Mobiles measurements on the high speed train that runs between Stockholm Central Station and Arlanda Airport. The train travels with a speed of approximately 200 km/h. Stämmer detta?? Kör det långsammare in i tunneln, jag minns det som att det börjar sakta in ??


The measurements are performed with a Ericsson TEMS SH888 MS and PC SW. The MS was positioned inside the train as a normal customer would use it. Stämmer detta??


The measurement results in this document are presented as screen shots from the TEMS PC application. The watchpoint is used to synchronize the presentation between the windows.


1018_1.log



First example of handover on high speed train at tunnel entry from Outdoor makro cell (BCCH ARFCN 17) to Leaky feeder tunnel cell (BCCH ARFCN 45).



In Figure 1 at time 09:23:12 the tunnel cell is measured and reported with correct BSIC for the first time.
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Figure 1 Watchpoint positioned at time 09:23:12



In Figure 2 at time 09:23:17 the tunnel cell has become the best cell and the handover is performed.
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Figure 2 Watchpoint positioned at time 09:23:17



In Figure 3 at time 09:23:20, 3 seconds after the handover, the outdoor cell has RxLevel –104 dBm but is still decoded and reported..
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Figure 3 Watchpoint positioned at time 09:23:20



1018_2.log



Second example of handover in opposite direction at tunnel entry from Leaky feeder tunnel cell (BCCH ARFCN 45) to Outdoor makro cell (BCCH ARFCN 17) .



In Figure 5 at time 09:41:54 the outdoor cell is measured and reported with correct BSIC for the first time.
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Figure 5 Watchpoint positioned at time 09:41:54



In Figure 6 at time 09:41:58 the tunnel opening is passed but the outdoor cell is still weaker than the serving tunnel cell and the handover is performed with negative hysteris.






[image: image5.png]J[=] E3 || BB Serving + Neighbors [MS1]
o [0 Celnsne BSIC_| ARFCN | Filev
: |z 57N Banan W
L e oo
I [6RN rkes 25 0@ pn
ERE =@ s
3 |5 = 0 09
3 =S - 23 09
3 = e e
3
W s Gl
120 | 120
o B & |« S|
[ | I—|
[T ["value | aRFCN T BSIC [ M5 | IE [Valie | ARFCN | BSIC | M5 |
FRsLev Ful (dBm] 2 17 14 MS1 | Time 09:41:5865 MS1
= Neighbor RixLev [dBm) [1] 9 17 14 MS1fsal 20 MST
|m Neighbor RixLev [dBm] [2] 103 13 10 MS1 | A Worst [0] MS1









Figure 6 Watchpoint positioned at time 09:41:58



In Figure 7 at time 09:42:01, 3 seconds after the handover, the tunnel cell has RxLevel –106 dBm.
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Figure 7 Watchpoint positioned at time 09:42:01



Cell Overlap



From the measurement results we can draw some conclusions about the necessary cell overlap for high speed trains. First we construct two definitions for cell overlap:



Definition 1 : Cell Overlap



The overlap is the time window from the moment when the new serving cell is decoded and reported until the moment when the old serving cell is not decoded and reported anymore.



Definition 2 : Cell Overlap



The overlap is the time window from the moment when the new serving cell is measured at the MS reference sensitivity level until the moment when the old serving cell is measured at the MS reference sensitivity level.



In Figure 7 we see a Line Chart of only ARFCN 17 and 45 from the 1018_1.log. 




Definition 1 results in a cell overlap of 15 seconds and definition 2 results also in a cell overlap of 15 seconds.
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Figure 7 Study of RxLev on ARFCN 17 and 45



In Figure 8 we see a Line Chart of only ARFCN 17 and 45 from the 1018_2.log. 




Definition 1 results in a cell overlap of 9 seconds and definition 2 results in a cell overlap of 5 seconds.
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Figure 8 Study of RxLev on ARFCN 17 and 45



Handover event









Watchpoint
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Time : 09:41:54




Outdoor cell (17) decoded and reported









Time : 09:42:03




Tunnel cell (45) not decoded and reported anymore









Time : 09:23:27




Outdoor cell (17) not decoded and reported anymore









Time : 09:23:12




Tunnel cell (45) decoded and reported









–102 dBm  = MS Reference Sensitivity level









–102 dBm  = MS Reference Sensitivity level
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