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Synchronisation and Timing Advance aspects of RED HOT B / HUGE C
1 Introduction

RED HOT and HUGE, agreed as work items for Rel 7 in GERAN, introduce 3 new modulation schemes (16-QAM, 32-QAM and now also QPSK as a working assumption) and a new symbol rate (325 ksymb/s). The definition of a new symbol rate requires new requirements for the MS and BTS, and there are also some implications for the timing advance. These issues are discussed in this contribution; the required CR to TS 45.010 is based on the assumptions and conclusions made in this contribution. 
2 Details of Higher Symbol Rate (HSR) burst
In Figure 1, the burst structures for normal symbol rate (above) and HSR (below) are shown. To guarantee inter-working between the two symbol rates on the same carrier (and also on the same timeslot), the timeslot duration for HSR should be the same as the timeslot duration for normal symbol rate, i.e.
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. Since there are a total of 187.5 symbols in the HSR burst, we can calculate the symbol duration for the HSR burst:
Symbol duration for HSR burst = 
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Note: the symbol duration in case of legacy symbol rate is 
[image: image3.wmf]s

m

13

48



[image: image4]
Figure 1: Burst structures for normal (above) and higher (below) symbol rate bursts
If a 156.25 symbol duration burst is implemented for legacy timeslot period, then it is straight forward to implement the corresponding higher symbol duration bursts as shown in Figure 2 below.
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Figure 2: Implementation option 1 for legacy and higher symbol rate time slots in a TDMA frame
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Figure 3: Implementation option 2 for legacy and higher symbol rate time slots in a TDMA frame

However, the standard allows another implementation option for legacy symbol rate to avoid the need to implement timeslots having non-integral number of symbol periods (i.e. 156.25 symbols). In this case, it is allowed for legacy implementations to implement timeslots of 157 symbol period duration on timeslot 0 and timeslot 4 and timeslots of 156 symbol duration on the remaining timeslots as shown in Figure 3. In order to obtain burst sizes with an integer number of symbol periods for higher symbol rate, too, a similar approach as for legacy symbol rate can be taken by defining the burst length at higher symbol rate as 188 symbol periods in timeslots 0, 2, 4 and 6 and as 187 symbol periods in the remaining timeslot numbers 1, 3, 5 and 7. This definition would be suitable for an implementation in which modulators for legacy symbol rate and higher symbol rate are running in parallel. The modulators' timings would have to be synchronised at the beginning of timeslot 0. For a change of modulation between adjacent timeslots, the transmitter can ramp down after the end of the active part of the previous burst, switch to another modulator as baseband signal source and ramp up again before the active part of the subsequent burst begins.
From the standardisation point of view the cleaner solution would be to specify that for MS or BTS supporting higher symbol rate, option shown in Figure 2 is the only possibility. This seems fine for the MS implementations since they will be built from scratch anyway but it should be discussed whether for the BTS such a restriction is feasible. If such a restriction is seen as unreasonable, both option 1 and option 2 could be defined in the standard. At this time, the CR to 45.010 is worded as if option 1 is the only allowed option for the BTS and the MS. 
3 Timing Advance

The timing advance procedure is proposed to be kept unchanged for both legacy and higher symbol rate implementations. In other words, the timing advance is measured by the BTS in terms of legacy symbol periods and this is signalled to the MS. The MS irrespective of the actual symbol rate used on the uplink; shall always advance the uplink transmissions as per the ordered timing advance which is in terms of whole legacy symbol periods as defined in [1]. 
4  Applicability

It should be discussed whether RED HOT and HUGE need to be standardised for CTS and/or COMPACT. It is proposed that CTS and COMPACT do not support RED HOT or HUGE. This is the assumption that has been followed in drafting the CR in [2].
5 Conclusion

Implications of new symbol rate – introduced as part of RED HOT B and HUGE B and C – on timing advance procedures and synchronisation issues are discussed. It is proposed to keep the timing advance estimation procedures unchanged at the BTS. The MS has to re-interpret the signalled timing advance depending on the actual symbol rate used on the uplink. A CR to 45.010 is composed based on the proposals put forth in this contribution. 
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