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Introduction:

Today’s major wireless TDMA networks are asynchronous, meaning that any given base station does not attempt to align its transmitted signals with other base stations. In comparison, as shown in Fig. 1, in a synchronized system, base stations attempt to align their time-slots by using a common timing source, which quite often is obtained via a GPS clock. 
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Figure 1: Time-slot alignment in an asynchronous vs. synchronous TDMA network. TS0-X represent timeslots 0-X.

Any given time-slot consists of data, and control signaling, which is used to either command or inform the mobile station, or assist the mobile stations’ receivers in processing the received data. One key item in the control signaling is called the training sequence code (TSC), which standard mobile station receivers use to mitigate some of the multi-path fading effects that are experienced in radio environments. More advanced receivers may also utilize the training sequence to estimate the co-channel interference ratio (C/I) The TSC is located in the middle of the TDMA slot (burst) and is thus called the mid-amble as shown in figure 2. 
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Figure 2: Time-slot representation

When the base stations are synchronized, the training sequences (TSC’s) transmitted from other base stations will line up on top of each other. This may make the process of identifying its own signal, and neighboring signals more difficult, since detecting any given training sequence is usually done by performing an auto-correlation function with the training sequence of interest. 
Some TSC pairs have bad or worse cross correlation than others. During the channel estimation, which is used to characterize the multipath fading profile so that it can be subsequently mitigated by equalization, the mobile will get cross-correlation energy as a contribution from the other interfering TSC codes and this will result in a degradation of channel estimation and hence performance. For example, Fig. 3 shows how the performance of a mobile receiver may change vs. the different TSC’s that an interfering base station may be utilizing.
[image: image1.wmf]Asynchronous TDMA System

Synchronous TDMA System

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

Cell1

Cell2

Cell3

Cell4

Cell5

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

TS0

TS1

TS2

TS3

TS4

TS5

TS6

TS7

Cell1

Cell2

Cell3

Cell4

Cell5

Figure 3: Typical mobile station receiver performance (e.g. TU50nH) vs. various TSC's, 

TSC impacts are especially detrimental when mobile station receivers attempt to perform C/I estimation using the training sequences, or interference cancellation of one or more of the interfering signals. 

One way to minimize the impact of the cross correlation is to plan the TSC such as the pair of sectors that has the lowest C/I ratio get assigned the TSC pairs that possess the best cross-correlation. While this approach alleviates the problem, it requires considerable TSC planning which results in high labor cost and more time before deploying the network. 

In addition, as the network grows and more new sites are added, the TSC planning needs to be revised where it could be sometimes difficult to minimize the inflation estimate of C/I and its consequences.

Proposed Idea: 

The main problem noted above is that one needs to ensure that they carefully plan the TSC reuse to ensure the best performance. Quite often an engineer does not know which other base station actually is the strongest interferer, as this takes intense data gathering, and many times networks are dynamically growing so that the interference picture dynamically changes. In these instances, it would be better if there was a technique that could be employed to ensure that a worst case TSC reuse does not occur, and for this we propose the following technique. 

Offset TSC Delay

This technique ensures that there are no bad TSC cross-correlations by offsetting interfering base stations signals in time so that the overlap of TSC’s is replaced either partially or fully with the random data (as typical of the encrypted data field adjacent to the TSC’s in the slot)  that is transmitted from the base stations. If the overlap of TSC’s is totally replaced with random data, then the performance of Fig. 3 may move to that shown in Fig. 4.  More results are shown in [1].
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Figure 4: TSC vs. random data

When the network is synchronized, the timing error of different BTS’s is typically within one symbol (3.7 usec). With that control on timing, the training sequence could be staggered as shown in Fig. 5 to avoid C/I over estimation by the mobile due to finite cross correlation value.  
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Figure 5: Full Staggered Time offset of TSC's. Icx denotes the Interfering signal from base station x.

In this particular figure, the offset ensures that all signals from interfering base stations never overlap with other TSC’s. If this were applied to GSM, the limitation of the fine time of the TSC and width of the pulse limit the staggering of the TSC to a maximum of 5 training sequence per burst.

The TSC staggering could be implemented as full or partial staggering, e.g. ( 1/4, 3/4…etc) if more interferer time slot needs to be handled. The staggering is equally applicable to conventional receiver and interfering canceling receivers and all voice codecs or data applications.  Within the same site the frame (or TSC) are could be fully synchronized. Other BTS could be staggered as needed. 

Recommendation: 

Cingular Wireless believes that the SAIC study has potentially unduly limited the comparative benefits of synchronous networks + SAIC by assuming that we must consider the worst case scenario TSC planning, and that when characterizing absolute network performance we should also consider a scenario where the desired TSC only overlaps random data from the interferers to bound the potential absolute performance. It may also be beneficial to discuss actual offset TSC delay patterns as well to determine how close we can approach the bound. Specifically, we thus suggest that we obtain “burst C/I vs. burst BER” curves for the case of random data on the interferers, which can then be utilized for characterizing the potential performance bound. 
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