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Introduction

Due to the TDMA component of the UTRA TDD mode, the received signals of different users at the Node B have to be aligned within certain limits. In case of large cells, the use of timing advance for the transmissions from the UE is needed to keep the timing of the received signals at the Node B in the required range.

This document summarises the requirements on TA and gives the analysis behind these requirements.

Requirements for TA

Depending on the size and characteristics of a TDD cell, different requirements for timing advance can be identified:

1. For small cells (i.e. radius smaller than about 1.4km), no timing advance is required. The midamble window and the guard periods between the slots can accommodate the propagation delay and the delay spread for the entire cell.

2. For larger sized cells (i.e. radius between 1.4km and about 4km), timing advance is required to keep the timing of the received midamble at the Node B within the defined time window for channel estimation. The channel estimation degrades, if large parts of the channel impulse response are received outside this window. For this scenario, the guard periods between the bursts avoid overlapping of adjacent bursts, at the Node B as well as at the UE.

Further for very large cells (i.e. radius larger than about 4 km), the required timing advance results in transmission from the UE during the end of the previous time slot. In this case, and if the transmit time slot follows immediately after an DL/UL switching point, a percentage of the data may be interfered. No problems arises if UEs which are more than 4km from the Node B have no UL slots immediately after DL/UL switching points assigned.
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Figure 1 Relation between cell size and timing advance operation

Analysis

The following Table 1 and Figure 2 give an overview of the burst structure in TDD operation.

Chip number (CN)
Length of field in chips
Length of field in µs
Contents of field

0-975
976
238.3
Data symbols

976-1487
512
125.0
Midamble

1488-2463
976
238.3
Data symbols

2464-2559
96
23.4
Guard period

Table 1The contents of the burst type 1 fields
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Figure 2 Burst structure of the burst type 1. GP denotes the  guard period and CP the chip periods.

The midamble is used for channel estimation of 8 users. Each user has a measurement window of 57 chips (13.9 µs) for his channel impulse response in the joint channel estimation. Only the parts of the channel impulse response which are received during this window can be used for channel estimation.

To protect neighbouring slots from collisions due to timing inaccuracies, a guard period of 96 chips (23.4 µs) is inserted between adjacent slots.

In the following calculations a delay spread of 4 µs is assumed as a worst case. All channel models from [2] except vehicular channel B fall under this limit. Even for radio channels with higher delay spread the performance is only slightly degraded, because most of the received signal energy is available in a period of 4µs of the channel impulse response.

Small Cells

· For small cells no timing advance is required. In this case, the window of the joint channel estimation is the limiting factor for the cell size. The window size of 13.9 µs has to accommodate the radio signal round trip delay and the delay spread of the radio channel. If a relatively large delay spread of 4 µs (Outdoor to Indoor Channel B [2]) is assumed,  9.9 µs are left for the radio round trip delay. This allows a cell radius of max. 1.4 km.

Larger Cells

· For larger cells, the midamble window is not a limiting factor, because the position of the channel impulse response in the channel estimation window is adjusted by means of timing advance at the UE. Now the guard period between adjacent slots becomes the limiting factor, if the preceding time slot was in DL direction. If the timing advance value is chosen too high, the UE already starts transmission while it still has to receive data from the downlink direction.For the maximum allowable timing advance not the full range of 23.4 µs guard period is available. The delay spread and the switching time in the UE have to be reserved from the guard period. With a delay spread  of 4 µs (Outdoor to Indoor Channel B [3]), and switching time of 1 µs, there remain 18.4 µs for the timing advance to compensate radio round trip delay. No larger timing advance value will be allowed in the UE. This results in a maximum round trip delay of 18.4 µs, or 2.75 km cell radius.

· Beyond the maximum range that can be compensated by the timing advance, some shift of the channel impulse response in the received midamble window can be tolerated. If we reserve the delay spread (4 µs), there remain 9.9 µs of the midamble window for additional round trip delay. This allows an extension of the cell radius 1.4 km beyond the limit which is set by the maximum timing advance. With this scheme, cells with a radius up to 4.15 km can be supported by the TDD operation.

For very large cells, i.e. cells with a radius >4.15 km, the large radio round trip delay requires timing advance values that can not be accommodated in the guard period between two slots. In this case, the timeslot preceding the uplink transmission is interfered by the transmitted signal. For this case, special precautions have to be taken to avoid these interference. Possible solutions includes mechanisms to avoid adjacent slot interference by co-ordinated resource allocation, e.g.-

1) avoiding the assignment of UL slots immediately after a DL/UL switching point for UEs with a timing advance greater than some threshold

2) taking service distribution schemes into account to minimise probability of interference.
TA in very large cells

The maximum cell size for a given UE power class is dependent from the desired data rate. The following Table 2 and Figure 3 summarise the relation between data rate and cell radius.

Service
Cell radius

Speech
100%

LCD64
66.8%

LCD144
53.2%

LCD384
11.1%1

Table 2 Relation between data rate and cell radius
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Figure 3 Schematic description of the relation between data rate and cell radius

1 Note that for the ITU submission LCD 384 was simulated in Pedestrian environment only, while the other services where simulated in the vehicular environment.

The range that can be achieved for high data rates is considerable less than 4 km. Thus services (up to 144 kbps), that occupy only one down- / uplink time slot need to be investigated. Although those services should not be restricted to be allocated DL/UL slots with a “usual” offset of e.g. 8 timeslots, a high flexibility avoiding the allocation of subsequent DL/UL slots is retained.
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However, even if the above mentioned case practically does not exist, we need to consider the general case of UEs in close vicinity to each other. Again in large cells one UE may transmit (due to timing advance) while a neighbouring UE tries to receive its data on the previous time slot. The probability of this case is determined in the following Figure 4 taken from Tdoc 697 of SMG2 UMTS L1. The figure shows the CDF of the minimum coupling loss (MCL) of UE to UE interference. The probability of MCL lower than 120 dB is lower than 1%. Please note that in those simulations TDD/TDD co-existence of two different operators was investigated in case of 2 km cell size. In the present case only one operator needs to be considered (number of UEs halved) in case of larger cells than 4 km, which will additionally improve the results very much. Thus we again conclude that the relevant case practically does not exist.

Figure 4 CDF of UE to UE interference

The following should be noted in the above mentioned unlikely case (which still may happen). Let us considered an additional cell range of 3 km (in total 7 km cell range) corresponding to 2*10µs = 20µ delay. This will lead to approximately 5 interfered symbols (out of 2*61 of the whole burst), thus even in the unlikely case only 4.1% of the burst is affected.

Conclusion

The Timing Advance procedure in the TDD mode is described in detail yielding the conclusion that the probability of crucial interference is such low that it is judged as practically not existent. Consequently it is proposed to include TA in the relevant WG4 TDD specification based on this document. A detailed specification text will be proposed in future contributions.
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