TS 25.105 v3.3.0 (2000-06)

PAGE  30

TSG RAN Working Group 4 (Radio) meeting #13
TSGR4#13(00)0637TD <>
4 – 8 September 2000 

Turin, Italy

Source: 
InterDigital 
Title: 
Basestation Synchronization Accuracy

Document for: 
Approval

1. Introduction

This contribution discusses a new requirement for base station synchronization for Release 2000 under the Node B synchronization work item.  Analysis is provided for the maximum acceptable timing error between synchronized base stations.  The effect of such error on interference, cell search and handover is considered for all deployment scenarios.  Based on this analysis, a timing accuracy of 3 μsec is proposed.

2. Definition of the synchronisation accuracy 

The accuracy is defined here as the maximum deviation in frame start times between any pair of base stations that have overlapping coverage areas.

3. Discussion

Synchronization Accuracy and Handover 

In the case for handover with timing advance, the UE measures the time difference between the current cell and the target cell based on the timing of the current cell.  The new time advance is calculated as the sum of the old time advance and twice the difference in frame timing as received by the UE.  As a result, the synchronization error is doubled in the initial time advance calculation.  

A new access burst Type 3 has been defined for use in scenarios where synchronization is difficult [1] e.g. inter-mode and inter-RAT handover. These bursts may be used in one or more uplink slots and may be used also for TDD to TDD handover. Therefore time advance need not be considered for Node-B sync accuracy.

Synchronization Accuracy and Interference

The purpose of synchronization is to reduce inter-cell interference.  Interference exists when downlink and uplink timeslots overlap because of non-ideal slot assignments or by timeslots shifted in time due to timing errors and propagation delays.  Synchronization only reduces inter-cell interference if downlink and uplink slot assignments are coordinated between basestations, thus eliminating the major source of interference.  Therefore, timeslot coordination is assumed in the analysis.  

The following cases of interference are considered: BS to BS, UE to UE, UE to BS, and BS to UE.  

BS-BS Interference

BS-BS:  Co-Located, Receive Before Transmit

Interference between co-located basestations can occur if, due to timing errors, the received timeslot for one basestation is delayed relative to the adjacent transmit timeslot of the other basestation.  Referring to Figure 1, the end of slot UL_A2 can be delayed by timing errors and delay spread, while BS_B will start causing interference prior to the ideal slot boundary of DL_B3 due to its transmit switching time.

Figure 1:  BS-BS Interference Diagram
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The end of the received timeslot for basestation BS_A is delayed relative to the ideal slot boundary by

T_Rx = DS + TA_Error + Sync_Error

where DS is the multi-path delay spread, TA_Error is the timing advance error, and Sync_Error is the relative frame timing error between the two basestations.  Basestation BS_B starts transmitting T_Tx = Tx_On prior to the ideal slot boundary, where Tx_On is the BS transmit switching time of 4.2 usec.  The sum of T_Rx and T_Tx must be less than the guard period, so the maximum synchronization error is 

Sync_Error < 25 usec – (DS + TA_Error + Tx_On) .

The maximum delay spread is currently 12 usec for all cell types.  The timing advance error is given by the BS measurement error and the UE timing advance error in  TS 25.123, which results in a total error of 0.25 usec.  Using these values in the equation above, the maximum synchronization error is 8.6 usec.

BS-BS:  Co-Located, Transmit Before Receive

BS to BS interference can also occur for the case of a transmit slot followed by a receive slot.  Interference can occur at the end of the transmit timeslot due to the switching off time, while the receive timeslot can occur prior to the ideal slot boundary due to timing errors.  

The victim basestation starts to receive before the ideal slot boundary by an amount TA_Error + Sync Error.  The co-located basestation interferes after the ideal slot boundary by an amount Tx_Off, where Tx_Off is the BS transmit switching off time of 19.8 usec.  This results in a maximum allowed synchronization error of 5 usec for this case.

BS-BS:  Located in Adjacent Cells, Receive Before Transmit

This scenario is identical to the co-located case, but with the basestations separated by a distance 2R.  The victim basestation receives the end of its timeslot delayed relative to the ideal slot boundary by DS + TA_Error + Sync_Error.  The propagation delay between basestations helps this case, since the arrival of the interfering downlink timeslot is delayed at the victim’s receiver.  The start of the timeslot from the transmitting basestation begins before the ideal slot boundary by an amount Tx_On – 2 * TD, where TD is the free space propagation delay corresponding to the cell radius.  Table 1 shows the maximum synchronization error for the different cell sizes.

Table 1: Synchronization Accuracy, BS in Adjacent Cells, RX Before Tx
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BS-BS:  Located in Adjacent Cells, Transmit Before Receive

This scenario is identical to the co-located case, but with the basestations separated by a distance 2R.  The victim basestation starts to receive before the ideal slot boundary by an amount TA_Error + Sync_Error.  The end of the timeslot from the interfering basestation arrives at the victim basestation delayed relative to the ideal slot boundary by 2 * TD + DS + Tx_Off.  The maximum allowed synchronization error is shown in Table 2 for the different cell types.  The negative values indicate that interference exists even without synchronization errors.

Table 2: Synchronization Accuracy, BS in Adjacent Cells, Tx Before Rx
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UE-UE Interference

UE-UE: Receive Before Transmit

Interference between UEs connected to different cells can occur if the received timeslot for one UE is delayed relative to the adjacent transmit timeslot of another UE.  Referring to Figure 2, UE_B using timing advance starts transmitting slot UL_B2 earlier relative to the slot boundary, and UE_A receives the end of slot UL_A1 delayed by the propagation delay.

Figure 2: Interference Diagram
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The victim UE receives the end of its timeslot delayed relative to the ideal frame boundary by TD + DS + Sync_Error.  The interfering UE starts transmitting TA + TA_Error + Tx_On before the ideal slot boundary, where TA refers to the timing advance, and Tx_On is the UE transmit switching time.  The required transmit switching time is 25 usec.  An additional time of 50 chips is allowed to transmit noise at a –50 dBm level, which is ignored here.  
Minimum guard period margin occurs at maximum propagation delays, which applies to UEs operating at the cell boundaries.  Therefore, the time delay and the timing advance are equal to the cell radius.  Table 3 shows calculations for macro, micro, and pico cases. The negative synchronization accuracy values indicate that adjacent slots will overlap even without synchronization error. 

Table 3: Synchronization Accuracy, UE-UE Interference, Rx Before Tx
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The distance between UEs may reduce the interference level because of increased path attenuation and propagation delay.  However, for UEs separated by 50 meters, the propagation delay is only 0.2 usec.  The approximate path loss, using the pico cell propagation model, would be 30log(50) +37 = 88 dB.  For a 24 dBm UE, this results in a signal level at the victim’s receiver of ‑64 dBm.  Even considering the case of UEs operating on adjacent channels, the level would be ‑64 dBm ‑ 33 dB = ‑97 dBm, which is above the receiver noise floor.

UE-UE:  Transmit Before Receive

UE to UE interference can also occur if the received timeslot for a UE arrives prior to the ideal timeslot boundary, and another UE transmits in the previous timeslot after the ideal timeslot boundary.  This is shown in Figure 3.  The victim UE starts to receive before the ideal slot boundary by an amount -TD + Sync_Error. The end of the timeslot from the interfering UE arrives at the victim delayed relative to the ideal slot boundary by -TA + TA_Error + TDinterference + DS + Tx_Off, where Tx_Off is the UE switching time of 25 usec.

Figure 3: Interference Diagram
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Worst case occurs when the timing advance for UE_B and the time delay of the desired signal for UE_A are small, and the delay between UEs is large.  This means that both UEs are near their respective basestations, and the basestations are not co-located.  Therefore the distance between UEs is 2R.  In this case, the maximum allowed error is

Sync_Error < 25 usec – (TA_Error + TDinterference + DS + Tx_Off) .

Table 4 shows calculations for macro, micro, and pico cases. The negative synchronization accuracy values indicate that adjacent slots will overlap even without synchronization error.

Table 4: Synchronization Accuracy, UE-UE Interference, Tx Before Rx
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BS Tx – UE Rx

While this is the normal case for synchronized basestations, transmit slots adjacent to receive slots should not lead to more interference.

BS – UE:  Receive Before Transmit

The end of the desired downlink slot is received at the UE delayed by TD + DS + Sync_Error.  The interfering transmit slot is received at the UE prior to the beginning of the ideal slot boundary by Tx_On – TDinterference, where TDinterference is the time delay from the interfering basestation to the UE.  If the basestations are co-located, the time delays cancel and the maximum synchronization error is 25 - DS + Tx_On = 8.8 usec.

For basestations not co-located, the worse case is when the UE is closest to the interfering basestation, TDinterference = 0, and a distance equal to the cell radius away from its basestation.  Values for maximum allowed synchronization error are shown in Figure 5.

 Figure 5: Synchronization Accuracy, BS – UE, Rx Before Tx
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BS – UE: Transmit before Receive

The beginning of the desired downlink slot is received at the UE prior to the ideal slot boundary by Sync_Error – TD.  The interfering transmit slot is received at the UE after the end of the ideal slot boundary by DS + Tx_Off + TDinterference, where TDinterference is the time delay from the basestation to the interfering UE.  If the basestations are co-located, the time delays cancel and the maximum synchronization error is 25 – DS - Tx_Off = -5.75 usec.  The negative value indicates that interference will allows exist for this case.  However, the co-sited basestations will operate at worst in adjacent channels, reducing the interference.  

For basestations not co-located, the worst case is when the UE is farthest from the interfering basestation and closest to its own. 
UE Tx – BS Rx

UE – BS: Receive Before Transmit

The end of the desired uplink slot is received at the BS delayed relative to the ideal slot boundary by DS + TA_Error + Sync_Error.  The interfering transmit slot is received at the BS prior to the beginning of the ideal slot boundary by Tx_On (UE) – TDinterference, where TDinterference is the time delay from the victim basestation to the interfering UE.  The worse case occurs when the interfering UE is closest to the victim basestation and TDinterference = 0.  The maximum allowed error then is 

Sync_Error = 25 – 12 - 0.25 – 25 =  -12.25 usec.  Note that interference exists without synchronization error.

UE – BS: Transmit Before Receive

The beginning of the desired uplink slot is received at the BS prior to the ideal slot boundary by TA_Error + Sync_Error.  The interfering uplink timeslot is received at the BS delayed after the ideal slot boundary by DS + TA_Error + Tx_Off (UE) + TDinterference, where TDinterference is the time delay from the victim basestation to the interfering UE.  Two different TA_Errors exist because the UEs are independent.  The worst case interference occurs for maximum separation, which also corresponds to maximum propagation loss, so the interference for this case is negligible. 

Synchronization Accuracy and Cell Selection

Another consideration for basestation synchronization is the effects on cell selection.  UEs distinguish different cells based on the SCH primary sequence. Since all SCH channels are coded identically, the sync channel is offset by a value N* toffset.  The range for integer N is 0.. 31, and the value of toffset is 71 chips.

Basestation synchronization errors reduce the effective offset of the synch channels received by a UE.  In small cells, the propagation delay is small, and the effects of BS sync errors are negligible.  Therefore, all value of N can be used in adjacent cells and the re-use factor is 1.  In larger cells, the maximum propagation delay of 12 usec plus a delay spread of 12 usec leads to 24 usec or 96 chips.  Therefore, adjacent cells require larger offset differences between adjacent cells.

4. Conclusion

Analysis of interference conditions, handover and cell search requirements have been provided to determine allowed values for basestation synchronization accuracy.  The lowest calculated synchronization error was 1.9 μsec.  However, analysis showed that interference exists in some scenarios even without any timing error.  Considering implementation issues, a reasonable value is 3 μsec.
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8.4 BS synchronisation performance

Synchronisation accuracy is defined as the maximum deviation in frame start times between any pair of base stations that are synchronised.  Two base stations need to be synchronised if they have overlapping coverage areas.
8.4.1
Minimum Requirement

The deviation in frame timing for synchronised basestations shall not exceed 3 µs.
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