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Time synchronisation between higher symbol rate and normal symbol rate
1 Introduction
A new symbol rate has been agreed as part of Rel-7 both in uplink (HUGE B) and downlink (RED HOT B). The normal symbol rate (NSR) and higher symbol rate (HSR) bursts are expected to be deployed on the same channels and even on adjacent timeslots on a given carrier. Since there are differences in the burst format, the relative timing of HSR to NSR bursts needs to be defined. So far, only the lengths of the bursts are defined for both symbol rates, but not the time alignment between NSR and HSR. This piece of information is needed to use HSR bursts for maintaining the time synchronisation between the MS and the network.
Typically, the network uses the training sequence in the UL bursts to estimate the necessary timing advance and communicates this parameter to the MS. The MS aligns its timing to the network based on the training sequences in the DL and applies the timing advance to the UL bursts. The TA advance is defined for NSR, but needs to be applied to HSR bursts as well. In order to avoid different implementations of HSR burst timing, this document proposes to align the NSR and HSR bursts at the middle of the training sequence. A corresponding CR to 45.010 is also submitted [2]. Aligning the bursts at the middle of the TSC as shown in this contribution would minimise any jitter in timing advance estimation at the network or the time synchronisation procedure in the MS. 
2 New burst structures

In this section the burst structures of the two symbol rates are compared. Figure 1shows the relative lengths of the two burst formats. These values are shown also in the Figure 2below. 
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Figure 1: Burst formats

Table 1: Burst formats and duration of individual entities in the burst

	
	HSR Bursts
	NSR Bursts

	
	Symbols
	Duration (μs)
	Symbols
	Duration (μs)

	Tail (left)
	4
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	Encrypted symbols (left)
	69
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	Training sequence
	31
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	Encrypted symbols (right)
	69
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	Tail (right)
	4
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	Guard period
	10.5
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	Total
	187.5
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It can be seen that although the length of timeslot for a NSR burst and a HSR burst are the same, none of the individual parts of the burst have exactly the same duration. Thus, even if the timeslots were perfectly aligned at the beginning of their active parts, parts of the burst like the centre of the TSC, beginning of the payload etc would not occur exactly at the same point in time. Since the training sequence is typically the part which is used for synchronisation, it is proposed that irrespective of the symbol rate used, the middle of the TSC shall occur at the same position. If a timeslot duration of 187.5 symbols is used for HSR bursts and 156.25 symbols is used for NSR bursts, then the proposed synchronisation will look as shown in the figure below. 
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Figure 2: Burst formats aligned at the middle of the TSCs

This means that the active part of a NSR burst starts 12/13 μs (a quarter of a normal symbol period) later than the HSR burst and finishes also a quarter of a normal symbol period earlier. In figure 2, the guard period is shown equally distributed to the left and the right hand side of the active part of the burst, resulting in 4.125 normal symbol periods (198/13 µs) at NSR and 5.25 reduced symbol periods (210/13 µs) at HSR on either side. Figure 2 may be used as reference when switching between modulations with different symbol rate is performed in the middle of the guard period.
It should be noted that exact timing shall be retained irrespective of any switch in the symbol rate across adjacent timeslots. Since the active part of a HSR time slot starts 12/13 μs later than an NSR time slot, when there is a switch between symbol rates from NSR in the preceding slot to HSR in the succeeding slot, the guard period in between is longer by a quarter of a normal symbol period or 12/13 μs. This means the guard period is 8.25 + 0.25 normal symbol durations i.e. it is 8.5 normal symbol durations in length. Note that this length automatically results when the modulation is switched in the middle of both guard periods (4.125 normal symbol periods plus 5.25 reduced symbol periods, cf. Figure 2).
If a HSR timeslot precedes an NSR timeslot then the guard period of the HSR timeslot is 12/13 μs shorter than that between two HSR timeslots since the active part of the NSR timeslot begins 12/13 μs earlier. This means that the guard period between the HSR and the NSR timeslot is again 8.5 normal symbol periods as shown below. This is the average between the guard period lengths of NSR and HSR.
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3 Other implementations
For base stations an alternative option to allow implementation of integral symbol durations for NSR bursts is allowed [3]. This is depicted in Figure 3 below.   
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Figure 3: Option allowing integral symbol durations for NSR burst for BTS

In this implementation option, between TS 0 and 1 as well as between TS 4 and 5, the guard period for NSR bursts is 9 normal symbol periods long and the guard period of HSR bursts is 11.4 reduced symbol periods long. Between all other timeslots the guard period for NSR bursts is 8 normal symbol periods long and the guard period for HSR bursts is 10.2 reduced symbol periods long. The time alignment between the training sequences shall be guaranteed as in section 2 even in this case. For this purpose it is again proposed to use the average between the guard period lengths of NSR and HSR bursts as the guard period. This results in the following: 

Case 1: Between the timeslot pairs TS 0 and TS 1 as well as TS 4 and TS 5 if a HSR burst is next to an NSR burst the guard period between the timeslots shall be 9.25 normal symbol periods. Note that this is 12/13 μs shorter than 11.4 reduced symbol periods which constitute the guard period of HSR bursts after TS 0 or TS 4 and 12/13 μs longer than 9 normal symbol periods which constitute the guard period of NSR bursts after TS 0 or TS 4. 
Case 2: If a switch of symbol rate occurs between any other combination of timeslots, then the guard period shall be 8.25 normal symbol periods. Again, this figure is exactly 12/13 μs shorter than 10.2 reduced symbol periods which constitute the guard period of HSR bursts between these timeslots and 12/13 μs longer than 8 normal symbol periods which constitute the guard period of NSR bursts between these timeslots. 

4 Conclusion

This contribution highlighted the details of synchronisation when there is a switch in the symbol rates. It is proposed to synchronise the NSR and HSR bursts exactly at the middle of the training sequence which has the benefit that also the middle of the guard period is synchronised and that the slightly shorter active part of a HSR burst is placed in the centre of the slightly longer active part of a NSR burst. In the case of adjacent timeslots with different symbol rate, the guard period between these timeslots will be the average of the guard period lengths for NSR and HSR bursts. A corresponding CR to 45.010 is in [3].
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