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This discussion paper analyses the LCS service aspects for E-OTD and A-GPS in case the LCS CBCH messages are lost due to simultaneous GPRS pagings. 


1. Introduction

The CBCH overlaps with GPRS pagings were analyzed in tdoc GAHL-000029 [1]. The outcome was that the overlaps can't be avoided. There was some GPRS paging scenarios where the overlaps are less frequent, but to avoid totally the overlaps is nearly impossible and it requires the paging configuration design based on minimizing the CBCH overlapping. This kind of paging design might not be optimum for GPRS service.

In the discussion in LCS AdHoc#2 (12.-14.12.2000, Orlando), operators strongly feel that the GPRS paging shall be prioritized over CBCH receptions. The analysis has now set to another viewpoint, which are the service implications for LCS if CBCH reception is not possible due to simultaneous GPRS paging reception.

This contribution introduces the implications for E-OTD and A-GPS positioning methods and thus to the LCS services in cases that the CBCH reception is not possible (due to simultaneous GPRS paging).  The outcome of this contribution is only to give understanding about the LCS service implications.

LCS Positioning Methods vs LCS Service Implications

This section analyses the E-OTD and A-GPS broadcast messages and the implications if one or two CBCH messages are lost in a row.

1.1 E-OTD

The E-OTD broadcast message is defined in GSM 04.35 [2] specification. The message contains following information elements:

Table 1: E-OTD Assistance Data Broadcast Message Content

Information element
Type/Reference
Presence

Message Structure Definition
Message Structure Definition 4.1.1.1
M

Reference Time
Reference Time 4.1.1.2
M

Ciphering Serial Number
Ciphering Serial Number 4.1.1.3
C

Time Slot Scheme
Time Slot Scheme 4.1.1.4
M

Neighbour Bitmap Definition
Neighbour BitmapDefinition 4.1.1.5
C

Sectored Channels Definition
Sectored Channels Definition 4.1.1.6
C

Sectored Channels BTS ID Definition
Sectored Channel's BTS ID Definition 4.1.1.7
C

Sectored BTS Sync/Async Definition
Sectored BTS Sync/Async Definition 4.1.1.8
C

51 Multiframe Offset Values
51 Multiframe Offset  Values 4.1.1.9
M

BCC Definition
BCC Definition 4.1.1.10
M

RTD Drift Factor Values
RTD Drift Factor Values 4.1.1.11
C

Channel RTD Values
Channel RTD Values 4.1.1.12
C

Serving Cell Location
Serving Cell Location 4.1.1.13
M

Relative Neighbour Location Values
Relative Neighbour Location Values 4.1.1.14
M

The IEs, that are relevant for "the lost CBCH message" case, are: 

Reference Time

The Reference Time IE gives information about the time when the RTD values in the broadcast message are calculated.

RTD Drift Factor Values

This IE contains the drift factor values for the Channel RTD Values included into this broadcast message. The RTD Drift Factor Values indicate the RTD drift in meters per second. The drift factors are coded and the range is 0 ( 15 m/s.

Channel RTD Values

This IE contains the channel RTD values relative to the serving BTS. The RTD value covers 1 or 8 time slot period with 1/16-1/128 bit accuracy.

These IEs are presented as a function of time. The Channel RTD Values are calculated by SMLC and time stamped by Reference Time. The RTD Drift Factor Values present the speed of BTS clock drift; these values are also calculated by SMLC and are based on long term estimation.

Based on these information elements the MS can estimate the current RTD value when MS calculates the MS position. The other possibility is that MS itself tracks the behavior of BTS timing based on the synchronization information, although this valid only for those neighbor signals that can be decoded (signal strength). Or MS can use both CBCH broadcast information and its own tracking.

1.1.1 Basic Assumption

For the analysis, following assumptions are made:

· E-OTD broadcast frequency is every 30 seconds

· One CBCH message contains whole set of E-OTD assistance

· MS loses 1 CBCH messages but not two in a row

· MS loses 2 CBCH messages in a row

1.1.2 Analysis

When MS loses 1 CBCH message but not two in a row, the MS can calculate the RTD values as a function of time between two successfully received CBCH messages, which in this case means that MS needs to estimate 60 seconds time between successfully received CBCH messages.

When MS loses 2 CBCH messages in the row, the estimation time is 90 seconds. Now in both cases, the RTD Drift Factor information helps the MS to re-estimate the RTD values especially in the case where MS hasn't got enough history for RTD tracking function.

A-GPS

The A-GPS LCS assistance data broadcast message may contain one of the following information:

DGPS Correction Data

Table 2: DGPS Correction Data

Parameter
Bits
Resolution
Range
Units
Occurrences
Precence
Ref

GSM Time Present
1
---
0 - 1
---
1
M
4.2.1.2

BTS Clock Drift Present
1
---
0 - 1
---
1
M
4.2.1.3

BTS Clock Drift
4
12.5x10-3
(0.1
(sec/sec
1
C
4.2.1.4

Reference Location
48
---
---
Degrees
1
M
4.2.1.5

Reference time


FN
22
---
0-524287
frames
1
C
4.2.1.6


TN
3
---
0 – 7
timeslots
1
C



BN
8
---
0 – 156
bits
1
C



GPS TOW
 20
1
0-604794
sec
1
M


Status/Health
3
---
0 – 7
---
1
M
4.2.1.7

N_SAT
4
---
1 – 12
---
1
C
4.2.1.8

DGPS Corrections
Satellite ID
6
---
1 - 64
---
N_SAT
C
4.2.1.9


IODE
8
---
0 – 239
---





UDRE
2
---
0 – 3
---





PRC
12
0.32
(655.34 
m





RRC
8
 0.032
 (4.064
m/sec





Delta PRC2
8
1
(127
m





Delta RRC2
4
0.032
(0.224
m/sec




The DGPS Correction Data contains correction information that is changing as a function of time. The broadcast messages may be time stamped so that MS can utilize the BTS Clock Drift and DGPS corrections to calculate the drifting over the time. One DGPS Correction Data broadcast message can contain all satellites' data in one CBCH message (12 satellites). The IEs that are relevant for "the lost CBCH message" case, are:

BTS Clock Drift

This IE provides an estimate of the drift rate of the BTS clock relative to GPS time.  It has units of usec/sec (ppm) and a range of +-0.1. This IE aids the MS in maintaining the relation between GPS and cell timing over a period of time.

Reference Time

This IE specifies the relationship between GPS time and air-interface timing of the BTS transmission in the serving cell.

DGPS Corrections

The PRC, RRC, Delta PRC2 and Delta RRC2 are the elements that are behaving as a function of the time. The RRC and Delta RRC2 are indicating the drift for the corrections and to calculate the correction the reference time is needed.

Ephemeris and Clock Correction Data

Table 3: Ephemeris and Clock Correction Data (per-satellite fields - (1) = Positive range only)
Parameter
Bits
Resolution
Range
Units
Occurrences
Presence

Transmission TOW
20
1
0 – 604799 
seconds
1
M

SVID/PRNID
6(1)
---
0 – 63
---
1
M

TLM Message
14
---
0 – 16383
---
1
M

TLM Reserved (C)
2
---
0  – 3
---
1
M

HOW
22
---
0 – 4194303
---
1
M

WN
10
---
0 – 1023
weeks
1
M

C/A or P on L2
2
---
0 – 3
Boolean
1
M

URA Index
4
---
0 – 15
Boolean
1
M

SV Health
6
---
0 – 63
Boolean
1
M

IODC
10(1)
---
0 – 1023
---
1
M

L2 P Data Flag
1
---
0 – 1
Boolean
1
M

SF1 Reserved
87
---
Ful l Range
---
1
M

TGD
8
2-31
-128 – 127
seconds
1
M

toc
16(1)
24
0 – 604784
seconds
1
M

Af2
8
2-55
-128 – 127
sec/sec2
1
M

Af1
16
2-43
-32768 – 32767
sec/sec
1
M

Af0
22
2-31
-2097152 – 2097151
seconds
1
M

Crs
16
2-5
-32768 – 32767
meters
1
M

(n
16
2-43
-32768 – 32767
semi-circles/sec
1
M

M0
32
2-31
-2147483648 – 2147483647
semi-circles
1
M

Cuc
16
2-5
-32768 – 32767
meters
1
M

E
32(1)
2-33
0 – 4294967295
---
1
M

Cus
16
2-29
-32768 – 32767
radius
1
M

(A)1/2
32(1)
2-19
0 – 4294967295
meters1/2
1
M

toe
16(1)
24
0 – 604784
seconds
1
M

Fit Interval Flag
1
---
0 – 1
Boolean
1
M

AODO
5
900
0 – 31
seconds
1
M

Cic
16
2-29
-32768 – 32767
radians
1
M

OMEGA0
32
2-31
-2147483648 – 2147483647
semi-circles
1
M

Cis
16
2-29
-32768 – 32767
radians
1
M

i0
32
2-31
-2147483648 – 2147483647
semi-circles
1
M

Crc
16
2-29
-32768 – 32767
meters
1
M

(
32
2-31
-2147483648 – 2147483647
semi-circles
1
M

OMEGAdot
24
2-43
-8388608 – 8388607
Semi-circles/sec
1
M

Idot
14
2-43
-8192 – 8191
Semi-circles/sec
1
M

Spares/zero fill
20
---
---
---
1
M

The contents of Ephemeris and Clock Correction Data broadcast messages contain parameters that are for one satellite per CBCH message. So to receive ephemeris and clock correction data for 12 satellites needs 12 consecutive CBCH messages. The information elements in the ephemeris and clock correction data messages are valid 2-4 hours.

Almanac and Other Data

Table 4: Almanac and Other Data

Parameter
Bits
Resolution
Range
Occurrences
Presence

Transmission TOW
20
1
0 - 604799
1
M

SV Mask
32
---
---
1
M

LSB TOW
8
1
0 - 255
1
M

SFID 0
1
1
0 – 1
Repeat three times:

Each corresponds to a different page no. as described in Table 29
M

Data ID
2
---
---



Page No.
6
1
1 - 25



Word 3
16
COSP
COSP



Word 4
24
COSP
COSP



Word 5
24
COSP
COSP



Word 6
24
COSP
COSP



Word 7
24
COSP
COSP



Word 8
24
COSP
COSP



Word 9
24
COSP
COSP



Word 10
22
COSP
COSP



Spares/zero fill
5
---
---
1
M

The Almanac and Other Data contains information that is valid for several weeks. To get the whole package (12 satellites) of Almanac and Other Data, the reception of 12 consecutive CBCH messages are needed.

1.1.3 Basic Assumption

The CBCH broadcast for A-GPS can thus contain three different broadcast contents. Operator can choose to broadcast any of the broadcast messages (one, two or all). Following assumption is made for the analysis:

· A-GPS broadcast frequency is every 30 seconds

· The whole DGPS Correction Data (12 satellites) is received in one CBCH message

· The whole Ephemeris and Clock Correction Data (12 satellites) is received in 12 consecutive CBCH messages

· The whole Almanac and Other Data (12 satellites) is received in 12 consecutive CBCH messages

· MS loses 1 CBCH messages but not two in a row

· MS loses 2 CBCH messages in a row

1.1.4 Analysis

The three different A-GPS assistance data broadcasts are analyzed separately.

DGPS Correction Data

The DGPS Correction Data contains all, 12, satellite's information in one CBCH message. When one CBCH message is lost, the MS can estimate the correction values based on the drifting information in the last received message. So in the one lost CBCH message case MS needs to calculate the estimates over 60 seconds that corresponds the time between two successfully received message.

If MS loses two CBCH messages in the row, the MS needs to estimate over 90 seconds. In both cases the reference time and the drift indication enables to calculate the estimation over short periods. In DGPS case the variation of the correction over long periods is difficult since the DGPS correction is not behaving quite linear or known way if the scrambling of GPS signal is on. Nowadays the scrambling of GPS signal is off, and thus the DGPS corrections can be estimated to some extent.

Ephemeris and Clock Correction Data

The Ephemeris and Clock Correction Data doesn't contain short-term time critical information. The problem when losing one CBCH message in this case is that the whole set of 12 satellites takes 12 consecutive messages, and if one message is lost, the MS needs to wait 12 CBCH messages time to get an update. Also if MS loses two CBCH messages in the row, the MS needs to wait 12 CBCH messages to get the update to the lost CBCH messages.

Almanac and Other Data

The Almanac and Other Data has similar properties as Ephemeris and Clock Correction Data, so when losing one or two CBCH messages, the MS needs to wait 12 CBCH messages to get an update.

Losing one message from the Ephemeris and Clock Correction Data or Almanac and Other Data broadcast messages may not be that critical for MS since the MS do positioning even not all 12 satellites' data is available. The MS can do positioning if it has more than 4 satellites information. The 12 satellites' information will improve the position estimates quality.

Conclusions

Based on this short analysis of LCS broadcast messages, following initial conclusion can be made:

E-OTD

The RTD values are the critical parameters for MS Based E-OTD operation. By losing E-OTD CBCH message, the MS can estimate the RTD behavior based on the RTD Drift Factors Values included in the broadcast message. Also the MS may track the RTD values and use the tracking algorithms for the estimation of RTD values. The RTD Drift Factor Values are optional in the broadcast message, but it is strongly recommended to include the values in the E-OTD broadcast message.

A-GPS

The A-GPS contains three different A-GPS broadcast messages that can be broadcast independently of each other. The DGPS Correction Data messages are time critical due to the nature of corrections, which are short lifetime. The removal of the scrambling of the GPS satellite signal the estimation of the corrections is easier. When losing one DGPS message, the MS can calculate the corrections for short future.

The Ephemeris and Clock Correction Data and Almanac and Other Data –messages the lost of one CBCH message creates a different problem. Due to the nature of reception of several CBCH messages to get the whole set of message, the lost of CBCH message means that MS needs to wait 12 CBCH messages to get the lost CBCH message.

LCS Service Implications Generally

For the LCS Service the implications exists, but the contents of the messages can be used to maintain the service quality to some extent same as by receiving all CBCH messages. Also the A-GPS service where ephemeris or almanac is to be received, the lost of one message is not seen as a show stopper since the MS can exclude the satellite, that has not the updated information available, from the positioning until the update is received for the satellite.
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