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1
Scope

The present document defines the requirements for synchronization on the radio sub-system of the digital cellular telecommunications systems GSM. However, it does not define the synchronization algorithms to be used in the Base Transceiver Station (BTS), CTS Fixed Part (CTS-FP) and Mobile Station (MS). These are up to the manufacturer to specify.

1.1
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "3GPP TR 21.905: Technical Specification Group Services and System Aspects; Vocabulary for 3GPP Specifications ".

[2]

[3]
3GPP TS 43.064: "Digital cellular telecommunications system (Phase 2+); General Packet Radio Service (GPRS); GPRS Radio Interface Stage 2".

[4]
3GPP TS 3GPP TS 44.018: "Digital cellular telecommunications system (Phase 2+); Mobile radio interface layer 3 specification, Radio Resource Control Protocol".

[5]
3GPP TS 44.060: "Digital cellular telecommunications system (Phase 2+); General Packet Radio Service (GPRS); Mobile Station (MS) - Base Station System (BSS interface; Radio Link Control (RLC) and Medium Access Control (MAC) Layer Specification".

[6]
3GPP TS 45.002: "Digital cellular telecommunications system  (Phase 2+); Multiplexing and multiple access on the radio path".

[7]
3GPP TS 45.005: "Digital cellular telecommunications system  (Phase 2+); Radio transmission and reception".

[8]
3GPP TS 45.008: "Digital cellular telecommunications system  (Phase 2+); Radio subsystem link control".

[9]
3GPP TS 43.030: "Digital cellular telecommunications system (Phase 2+); Radio network planning aspects".

[10]
3GPP TS 43.052: "Digital cellular telecommunications system (Phase 2+); GSM Cordless Telephony System (CTS), Phase 1; Lower layers of the CTS Radio Interface; Stage 2".

[11]
3GPP TS 45.056: "Digital cellular telecommunications system (Phase 2+); GSM Cordless Telephony System (CTS), Phase 1; CTS-FP Radio subsystem".

1.2
Definitions and abbreviations

In addition to those below, abbreviations used in the present document are listed in 3GPP TR 21.905.

For the purposes of the present document, the following terms and definitions apply:

BTS: Base Transceiver Station.

CTS-FP: CTS Fixed Part.

CTS-MS: MS operating in CTS mode.

Timing Advance: signal sent by the BTS to the MS which the MS uses to advance its timings of transmissions to the BTS so as to compensate for propagation delay.

Quarter symbol number: timing of quarter symbol periods (12/13 µs) within a timeslot. Symbol period can be 1 or 3 bit periods depending upon modulation.

Timeslot number: timing of timeslots within a TDMA frame.

TDMA frame number: count of TDMA frames relative to an arbitrary start point.

Current Serving BTS: BTS on one of whose channels (TCH, DCCH, CCCH or PDCH) the MS is currently operating.

Current Serving CTS-FP: CTS-FP on one of whose channels (TCH or CTS control channels) the CTS-MS is currently operating.

Timebase counters: set of counters which determine the timing state of signals transmitted by a BTS or MS.

MS timing offset: delay of the received signal relative to the expected signal from an MS at zero distance under static channel conditions with zero timing advance. This is accurate to ± 1 symbol, and reported once per SACCH or after a RACH as. required (i.e. at the same rate as timing advance). For example, for an MS with a round trip propagation delay of P symbols, but with a timing advance of T symbols, the reported timing offset will be P‑T quantized to the nearest symbol. For GPRS the MS timing offset is not reported.

Timing Advance Index: Timing Advance Index TAI used for GPRS, which determines the position of the subchannel on PTCCH (see 3GPP TS 45.002) used by the MS to send an access burst, from which the network can derive the timing advance.

Observed Frequency Offset (OFO): difference of frequency of signals received by a CTS-MS from a CTS-FP and a BTS. The Observed Frequency Offset is measured and reported by the CTS-MS on CTS-FP requirement. The Observed Frequency Offset is expressed in ppm with an accuracy of 1/64 ppm (i.e. about 0,016 ppm).

Time group (TG): used for compact, time groups shall be numbered from 0 to 3 and a particular time group shall be referred to by its time group number (TG) (see 3GPP TS 45.002).


***   Next modified section   ***

4
Timing of transmitted signals

The timing of signals transmitted by the MS, BTS and CTS-FP are defined in 3GPP TS 45.002.

The MS can use the timing of receipt of the synchronization burst to set up its timebase counters as follows:

QN
is set by the timing of the training sequence;

TN
=
0 when the synch burst is received;

FN
=
51 ((T3‑T2) mod (26)) + T3 + 51 x 26 x T1 when the synch burst is received,(where T3 = (10 x T3') + 1, T1, 
T2 and T3' being contained in information fields in synchronization burst).

For Compact, the MS can use the timing of receipt of the synchronization burst to set up its timebase counters as follows:

QN
is set by the timing of the training sequence;

FN =
(R1 x 51 + R2) x 52 + 51 when the synch burst is received (where R1 and R2 are contained in information 
fields in synchronization burst);

TN

is determined from TG as described in 3GPP TS 45.002, where TG is contained in information fields in 
synchronization burst.

For CTS, the timebase counters are set as follows:

QN
is set by the timing of the training sequence;

TN

is set according to the CTSBCH-SB position (see Annex C);

T4 =
51 when the CTSBCH-SB is received (prior to attachment);

FN
=
(51 ((T3‑T2) mod (26)) + T3 + 51 x 26 x T1) mod (2715648) when the CTS-MS receives the last CTSAGCH 
burst of the non-hopping access procedure, where T2 = T4 mod (26), and T1 and T3 being contained in this 
CTS immediate assignment message.

Thereafter, the timebase counters are incremented as in subclause 3.2.

(When adjacent BTS's are being monitored for handover purposes, or for cell reselection purposes in group receive mode, the MS may choose to store the values of QN, TN and FN for all the BTS's whose synchronization bursts have been detected relative to QN, TN and FN for its current serving BTS).

5
BTS Requirements for Synchronization

The conditions under which the requirements of subclauses 5.4 and 5.6 must be met shall be 3 dB below the reference sensitivity level or input level for reference performance, whichever applicable, in 3GPP TS 45.005 and 3 dB less carrier to interference ratio than the reference interference ratios in 3GPP TS 45.005.


***   Next modified section   ***

5.5
Maximum timing advance value

The maximum timing advance value TAmax shall be 63. If the BTS measures a value larger than this, it shall set the timing advance to 63. In the case of GSM 400 the extended timing advance information element is supported and the maximum timing advance value TAmax shall be 219. If the BTS measures a value larger than this, it shall set the timing advance to 219. (3GPP TS 43.030 defines how the PLMN deals with MS's where the delay exceeds timing advance value 63.)


***   Next modified section   ***

5.6.2
For packet switched channels

The BTS shall perform the continuous update timing advance mechanism for all MS working in packet transfer mode for which an PTCCH subchannel is assigned, except for MS class A in dedicated mode. Therefore the BTS shall monitor the delay of the access bursts sent by the MS on PTCCH and respond with timing advance values for all MS performing the procedure on that PDCH. These timing advance values shall be sent via a downlink signalling message on PTCCH.

The BTS shall update the timing advance values in the next downlink signalling message following the access burst.

The BTS may also monitor the delay of the normal bursts and access bursts sent by the MS on PDTCH and PACCH. Whenever an updating of TA is needed, the BTS may send the new TA value in a power control/timing advance message (see 3GPP TS 44.060).

For MS class A in dedicated mode the BTS shall follow the procedure described in subclause 5.6.1.


***   Next modified section   ***

6
MS Requirements for Synchronization
The MS shall only start to transmit to the BTS if the requirements of subclauses 6.1 to 6.4 are met.

The conditions under which the requirements of subclauses 6.1 to 6.4 must be met shall be 3 dB below the reference sensitivity level or input level for reference performance, whichever applicable, in 3GPP TS 45.005 and 3 dB less carrier to interference ratio than the reference interference ratios in 3GPP TS 45.005.

In discontinuous reception (DRX), the MS should meet the requirements of subclauses 6.1 to 6.3 during the times when the receiver is required to be active.

For CTS, the CTS-MS shall fulfil all the requirements of subclauses 6.1 to 6.4, 6.7, 6.8, 6.10 and 6.11 where «BTS» designates the CTS-FP. The CTS-MS shall always use a TA value of zero. The CTS-MS shall only start to transmit to the CTS-FP if the requirements of subclauses 6.1 to 6.4 are met. The conditions under which the requirements of subclauses 6.1 to 6.4 must be met shall be 3 dB below the reference sensitivity level or input level for reference performance, whichever applicable, in 3GPP TS 45.005 and 3 dB less carrier to interference ratio than the reference interference ratios in 3GPP TS 45.005. In discontinuous reception (DRX), the CTS-MS should meet the requirements of subclauses 6.1 to 6.3 during the times when the receiver is required to be active.


***   Next modified section   ***

6.5
Application of Timing Advance

6.5.1
For circuit switched channels

When the MS receives a new value of TA from the BTS on the SACCH, it shall implement the new value of TA at the first TDMA frame belonging to the next reporting period (as defined in 3GPP TS 45.008), after the SACCH frame containing the new TA value. On channels used for a voice group call, the TA value sent by the BTS applies only to an MS currently allocated the uplink.

The MS shall signal the used TA to the BTS on the SACCH.

6.5.2
For packet switched channels

The following requirements apply for all MS in packet transfer mode, except MS class A in dedicated mode:

The MS shall transmit access bursts with TA value=0.

Within the packet resource assignments (see 3GPP TS 3GPP TS 44.018 and 3GPP TS 44.060) for uplink or downlink messages the MS gets the Timing Advance Index (TAI). The MS shall send access bursts on the subchannel defined by the TAI on the PTCCH. These access bursts received on PTCCH are used by the BTS to derive the timing advance.

When the MS receives the updated value of TA from the BTS on the downlink PTCCH, it shall always use the last received TA value for the uplink transmission of normal bursts.

If an MS is allocated different TAI values for simultaneous uplink and downlink packet transfer, the MS may chose to use any one or both PTCCH subchannels. If two subchannels are used, the MS shall always use the received TA value corresponding to the last transmitted PTCCH uplink burst.

If the MS receives a packet resource assignment or power control/timing advance message (see 3GPP TS 3GPP TS 44.018 and 3GPP TS 44.060) without a TAI, the MS shall not use the continuous timing advance procedure.

Upon initiation of the continuous timing advance procedure the MS shall disregard the TA values on PTCCH until it has sent its first access burst on PTCCH.

The network may request the MS to send 4 access bursts to calculate a new TA value. For this purpose the network sets the system information element CONTROL_ACK_TYPE to indicate that the MS is to respond with a PACKET_CONTROL_ACKNOWLEDGEMENT consisting of 4 access bursts (see 3GPP TS 44.060), and sends a PACKET_POLLING_REQUEST to the MS. In this case, the MS shall transmit 4 consecutive access bursts on the assigned resources.

If the MS receives a packet resource assignment or power control/timing advance message (see 3GPP TS 3GPP TS 44.018 and 3GPP TS 44.060), the MS shall use the included TA value for normal burst transmissions until it receives a new value on PTCCH. If the message does not contain a TA value, the MS shall not change its TA value.

When entering packet transfer mode, the MS is not allowed to transmit normal bursts until it has received a valid TA value by any of the methods described above. 

A MS class A in dedicated mode shall follow the procedures described in subclause 6.5.1


***   Next modified section   ***

.

6.8
Timing of channel change

When the MS receives an intracell channel change command or a handover command (see 3GPP TS 3GPP TS 44.018), it shall be ready to transmit on the new channel within T_GSM_Delay of the last timeslot of the message block containing the command, unless the access is delayed to an indicated starting time, in which case it shall be ready to transmit on the new channel at the designated starting time, or within T_GSM_Delay, whichever is the later. The time between the end of the last complete speech or data frame or message block sent on the old channel and the time the MS is ready to transmit on the new channel shall be less than T_GSM_Interrupt.

T_GSM_Delay and T_GSM_Interrupt are defined in table 1.

Table 1: Channel change delay and interruption times. 

Target cell
T_GSM_Delay (ms)
T_GSM_Interrupt (ms)

Synchronized GSM cell
120 ms
20 ms

Not Synchronized GSM cell 

Under good radio conditions
220 ms
120 ms


***   Next modified section   ***

6.10
Definition of "ready to transmit within x ms"

The phrase "ready to transmit within x ms" means that the MS shall transmit no later than:

‑
the first burst of the first TCH or control channel block that occurs after the x ms, in case of an intracell channel change;

‑
the first burst of the TCH or control channel that occurs after the x ms, in case of a handover;

-
the first burst of the PDTCH or control channel that occurs after the x ms.

NOTE:
The MS shall keep the timings of the neighbour BTS's that it is monitoring (according to 3GPP TS 45.008) to an accuracy of ± 1 symbol periods.

6.11
Definition of additional reaction times for GPRS mobile stations

6.11.1
Uplink and downlink assignment reaction times

An MS shall be ready to transmit and receive using a new assignment no later than the next occurrence of block B((x+3) mod 12) where block B(x) is the last radio block containing the assignment message. This applies also for the reception of the first USF for dynamic uplink assignment.

If the MS is required to transmit a PACKET CONTROL ACKNOWLEDGEMENT subsequent to an assignment message (see 3GPP TS 44.060), the MS shall be ready to transmit and receive on the new assignment no later than the next occurrence of block B((x+2) mod 12) where block B(x) is radio block containing the PACKET CONTROL ACKNOWLEDGEMENT.

6.11.2
Change in channel coding scheme commanded by network

Upon receipt of a command from the network to change the channel coding scheme, the MS shall begin to transmit blocks using the new channel coding scheme no later than the next occurrence of block B((x+3) mod 12) where block B(x) is the radio block containing the command.

6.11.3
Contention resolution reaction time

Upon contention resolution during one phase access, the mobile station shall start transmitting RLC data blocks without the TLLI field no later than the next occurrence of block B((x+3) mod 12) where block B(x) is the radio block containing the contention resolution message (see 3GPP TS 44.060).


***   Next modified section   ***

6.12
Observed Frequency Offset (OFO) reported by the CTS-MS 

When required the CTS-MS shall compute the Observed Frequency Offset between the CTS-FP and a specified BTS (see 3GPP TS 45.008). The CTS-FP and BTS received signals frequencies shall be estimated with an accuracy of 0,1 ppm, averaging the signals over sufficient time. The conditions under which this requirements must be met shall be 3 dB below the reference sensitivity level or input level for reference performance, whichever applicable, in 3GPP TS 45.005 and 3 dB less carrier to interference ratio than the reference interference ratios in 3GPP TS 45.005.

6.13
Timing of intersystem channel change from GSM to UTRAN

When the MS receives an INTER SYSTEM TO UTRAN HANDOVER COMMAND (see 3GPP TS 44.018), it shall be ready to transmit on the new channel within Tdelay of the last timeslot of the message block containing the command, unless the access is delayed to an indicated starting time, in which case it shall be ready to transmit on the new channel at the designated starting time, or within Tdelay, whichever is the later. The time between the end of the last complete speech or data frame or message block sent on the old channel and the time the MS is ready to transmit on the new cell shall not exceed Tinterupt. Tdelay and Tinterupt are defined in table 2 for the case of intersystem handover to a single UTRAN cell assuming good radio conditions. 

Table 2: Intersystem handover delay and interruption times.

Target cell
Tdelay (ms)
Tinterupt (ms)

Known FDD cell 
(see 3GPP TS 25.133)
190
90

Not known FDD cell 
(see 3GPP TS 25.133)
270
170

Known TDD cell 
(see 3GPP TS 25.123)
160
60

Not known TDD cell 
(see 3GPP TS 25.123)
470
370
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7.5
Assessment of CTS-MS delay

In order to implement the procedure of control of the CTS-FP service range (specified in 3GPP TS 45.008), the CTS-FP shall monitor the delay of the CTS-MS signal relative to the expected signal from a CTS-MS at zero distance under static channel conditions. The delay of the normal bursts sent by from the CTS-MS shall be assessed in such a way that the assessment error (due to noise and interference) is less than 1/4 symbol period. The conditions under which this requirement must be met shall be 3 dB below the reference sensitivity level or input level for reference performance, whichever applicable, in 3GPP TS 45.056 and 3 dB less carrier to interference ratio than the reference interference ratios in 3GPP TS 45.056.
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Annex A (normative):
Additional requirements for pseudo‑synchronization, synchronized handovers and pseudo‑synchronized handovers

A.1
General descriptions and definitions

A.1.1
Conventions

The following conventions are adopted in this annex:

‑
the modulating symbol period is denoted T = 48/13 µs;

‑
all timing values are considered for descriptive purposes as real numbers modulo the largest period defined in the system i.e. 3394560000T. When transmitted over the air interface, such a value shall be rounded to the nearest integer multiple of a 1/2 symbol period T/2 and that integer shall be reduced mod some integer multiple of 256 as defined in 3GPP TS 3GPP TS 44.018;

‑
the Timing Advance (TA) value, when the distance between the base station and the MS is equal to or less than 35 km, or in the case of GSM 400 is equal to or less than 120 km, represents the estimated two way propagation delay in T units. For the purpose of the calculations in this annex the timing advance values are considered to represent the estimated one way propagation delay in T/2 units which is equivalent to twice the delay in T units.

A.1.2
Definitions

Assuming that some MS has to perform handover from BTS 0 (the "current" or "old" BTS) to BTS 1 (the "new" BTS), the following quantities are defined.

‑
t0 (resp. t1) denotes the one way line of sight propagation delay between the MS and BTS 0 (resp. BTS 1).

‑
RTD (Real Time Difference) denotes the value of the local system time in BTS 0 minus that of BTS 1.

‑
OTD (Observed Time Difference) denotes the timing difference between BTS 0 and BTS 1 as measured by the MS with the same sign conventions as for RTD.

All these four values are slowly time‑varying due to the MS movement and oscillators drift in the BTS's, but they are defined here just prior handover execution.
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A.3.3
Synchronized or a pseudo synchronized handover

When a synchronized or a pseudo synchronized handover occurs, the MS shall synchronize to the new BTS and shall use as initial timing advance value the value calculated modulo 256 from the observed time difference between the two BTS, the real time difference and the last timing advance value received from the previous BTS, according to subclause A.1.3. Calculated values between 230 and 255 shall be regarded as negative timing advance. The Real Time Difference (RTD) is in the case of pseudo synchronized handover given with the handover command and in the case of synchronized handover set to 2500*INT(OTD/2500+0,5) by the MS. If the initial timing advance value calculated is outside the range 0 to TAmax the MS shall do as follows:

‑
if the initial timing advance value calculated is greater than TAmax, the cell shall be considered as out of range. The MS shall, if it attempts to transmit on the new cell, use a timing advance value of TAmax as the initial timing advance value. Whether the MS transmits on the new cell or not depends on the NCI bit as specified in 3GPP TS 3GPP TS 44.018;

‑
if the initial timing advance value calculated is less than 0, the MS shall use a timing advance value of 0 as the initial timing advance value.

Annex B (informative):
CTSBCH timeslot shifting properties for CTS-MS synchronization

The determination of TN for CTS-MS synchronization is eased by specific properties of the CTSBCH timeslot shifting procedure. Three successive CTSBCH detection and decoding are always sufficient to set TN.

The CTSBCH shifting procedure may be either active or not. This is signalled by a flag in the CTSBCH-SB (see 3GPP TS 45.002).

B.1
Determination of TN by the CTS-MS when CTSBCH shifting is not active

When the CTSBCH shifting is not active, the CTSBCH TN is equal to the TNC found in the CTSBCH-SB.

Therefore, the CTS-MS sets TN to TNC when decoding the CTSBCH-SB.

B.2
Determination of TN by the CTS-MS when CTSBCH shifting is active

When the CTSBCH shifting procedure is active, the TN can be derived by the CTS-MS according to following procedure:

1)
the CTS-MS detects 3 successive CTSBCH-FB, decodes the three associated CTSBCH-SB and stores the two timeslot shifts values between the three successive CTSBCH-FB;

2)
the CTS-MS checks that the three FPBI (see 3GPP TS 45.002) extracted from the three CTSBCH-SB are identical and that the three CTSBCH shifting flags all indicate CTSBCH shifting active;

3)
the CTS-MS extracts the TNSCN from the FPBI according to the rule defined in 3GPP TS 45.002;

4) the CTS-MS uses timeslot number series couple (TNSTNSCN,0, TNSTNSCN,1) (see 3GPP TS  45.002) and the two stored CTSBCH shift values to determine the three timeslot numbers of the three observed CTSBCH. Due to specific properties of the shifting series, only one mapping is possible.

Annex C (informative):
BTS frequency source stability and E-OTD LMU reporting periods for LCS

C.1
BTS frequency source stability and E-OTD LMU  reporting periods

E-OTD location systems require measurements of OTDs made at both the LMUs and MS.  It is by comparing the two sets of OTDs that a location estimate can be determined (see 3GPP TS 43.071 Annex C).  In order to reduce signalling requirements each LMU's measurements of OTDs are only reported at intervals by the LMU to the SMLC.  (For MS-assisted E-OTD the LMU's OTDs are retained by an SMLC whereas for MS-based E-OTD the OTD's are further reported to the MS periodically (see 3GPP TS 43.071)).  The maximum allowable interval between LMU reports depends on both the predictability of the BTS frequency source and the level of accuracy required of the location estimate.
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