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Time synchronization of normal- and higher symbol rate bursts
1 Introduction

In GP-080130, it was proposed that the option of using integral symbol period mapping of Normal Symbol Rate (NSR) bursts should be removed when mixing Higher Symbol Rate (HSR) burst on the same carrier. In this contribution possible timing issues when mixing an integral- and non-integral symbol period mapping system are analyzed and discussed. 

2 Burst structures

The first considered implementations in this contribution is denoted, “Integral Symbol Period Mapping” and is illustrated in Figure ‎[1].
[image: image1.emf] 

157 156 156 156 157 156 156 156

157x48/13 

us

156 x48/13 

us

156x48/13 

us

156x48/13 

us

157x48/13 

us

156x48/13 

us

156 x48/13 

us

156x48/13 

us

Total 

(in a TDMA frame)

1250 

symbols

1250x48/13 

us

188.4 187. 2 187.2 187. 2 188.4 187.2 187. 2 187.2

188.4x40/13 

us

187.2x40/13 

us

187.2x40/13 

us

187.2x40/13 

us

188.4x40/13 

us

187.2x40/13 

us

187.2x40/13 

us

187.2x40/13 

us

1500 

symbols

1500x40/13 

us

normal symbol period Bursts in a TDMA frame

reduced symbol period Bursts in a TDMA frame

TS  0

TS  1 TS  2 TS  3

TS  4 TS  5 TS  6

TS  7

TS  0

TS  1 TS  2 TS  3

TS  4 TS  5 TS  6

TS  7


Figure 1: Integral symbol period durations for NSR burst for BTS, and its relation to HSR.

Here, “integral” refers back to the period of a NSR burst. Naturally, the HSR bursts put in this mapping will have a length that is a non-integer number of symbols.
The second considered implementation use equally long NSR/HSR bursts in all time slots. This results in a 156.25 symbols long NSR burst and, 187.5 symbols long HSR burst. This implementation is illustrated in Figure 2 and is denoted “Non-Integral Symbol Period Mapping”.
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Figure 2: Non-Integral symbol period durations for NSR burst for BTS, and its relation to HSR.
3 Jitter due to Integer Symbol Period Mapping
By avoiding the integral symbol period mapping it is argued that the timing advance jitter can be minimized ‎[1]. In the following section the introduced jitter is analyzed for the two proposed burst mapping implementations.

In the following comparison it is assumed that the mobile station (MS) expects a non-integral symbol period mapping, but the base station transceiver (BTS) is using an integral symbol period mapping. Further, it is assumed that the first time slot (TS0) is perfectly aligned with respect to the training sequence, and that the training sequences are placed in the center of the burst, as proposed in ‎[1]. In Table 1 and Table 2, the timing of the first four time slots are listed together with the length of each burst part and the mismatch between the two implementatios, for NSR and HSR respectively. 

Table 1: HSR Burst Timing and Mismatch
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Gard

228 0 210 0 -18 -0,45 -1,38

Tail

160 228 160 210 0 0 0,00

Encrypted Symbols 

2760 388 2760 370 0 0 0,00

Training sequence

1240 3148 1240 3130 0 0 0,00

Encrypted Symbols 

2760 4388 2760 4370 0 0 0,00

Tail

160 7148 160 7130 0 0 0,00

Gard

228 7308 210 7290 0 0 0,00

Gard

204 7536 210 7500 18 0,45 1,38

Tail

160 7740 160 7710 12 0,3 0,92

Encrypted Symbols 

2760 7900 2760 7870 12 0,3 0,92

Training sequence

1240 10660 1240 10630 12 0,3 0,92

Encrypted Symbols 

2760 11900 2760 11870 12 0,3 0,92

Tail

160 14660 160 14630 12 0,3 0,92

Gard

204 14820 210 14790 12 0,3 0,92

Gard

204 15024 210 15000 6 0,15 0,46

Tail

160 15228 160 15210 0 0 0,00

Encrypted Symbols 

2760 15388 2760 15370 0 0 0,00

Training sequence

1240 18148 1240 18130 0 0 0,00

Encrypted Symbols 

2760 19388 2760 19370 0 0 0,00

Tail

160 22148 160 22130 0 0 0,00

Gard

204 22308 210 22290 0 0 0,00

Gard

204 22512 210 22500 -6 -0,15 -0,46

Tail

160 22716 160 22710 -12 -0,3 -0,92

Encrypted Symbols 

2760 22876 2760 22870 -12 -0,3 -0,92

Training sequence

1240 25636 1240 25630 -12 -0,3 -0,92

Encrypted Symbols 

2760 26876 2760 26870 -12 -0,3 -0,92

Tail

160 29636 160 29630 -12 -0,3 -0,92

Gard

204 29796 210 29790 -12 -0,3 -0,92
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Table 2: NSR Burst Timing and Mismatch
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Gard

216 0 198 0 -18 -0,375 -1,38

Tail

144 216 144 198 0 0 0,00

Encrypted Symbols 

2784 360 2784 342 0 0 0,00

Training sequence

1248 3144 1248 3126 0 0 0,00

Encrypted Symbols 

2784 4392 2784 4374 0 0 0,00

Tail

144 7176 144 7158 0 0 0,00

Gard

216 7320 198 7302 0 0 0,00

Gard

192 7536 198 7500 18 0,375 1,38

Tail

144 7728 144 7698 12 0,25 0,92

Encrypted Symbols 

2784 7872 2784 7842 12 0,25 0,92

Training sequence

1248 10656 1248 10626 12 0,25 0,92

Encrypted Symbols 

2784 11904 2784 11874 12 0,25 0,92

Tail

144 14688 144 14658 12 0,25 0,92

Gard

192 14832 198 14802 12 0,25 0,92

Gard

192 15024 198 15000 6 0,125 0,46

Tail

144 15216 144 15198 0 0 0,00

Encrypted Symbols 

2784 15360 2784 15342 0 0 0,00

Training sequence

1248 18144 1248 18126 0 0 0,00

Encrypted Symbols 

2784 19392 2784 19374 0 0 0,00

Tail

144 22176 144 22158 0 0 0,00

Gard

192 22320 198 22302 0 0 0,00

Gard

192 22512 198 22500 -6 -0,125 -0,46

Tail

144 22704 144 22698 -12 -0,25 -0,92

Encrypted Symbols 

2784 22848 2784 22842 -12 -0,25 -0,92

Training sequence

1248 25632 1248 25626 -12 -0,25 -0,92

Encrypted Symbols 

2784 26880 2784 26874 -12 -0,25 -0,92

Tail

144 29664 144 29658 -12 -0,25 -0,92

Gard

192 29808 198 29802 -12 -0,25 -0,92
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The introduced timing jitter due to the integral symbol period can be read from Table 1 and Table 2. In the NSR case the timing difference between the two extremes is at most 0.5 symbols long, counted from the earliest to the latest arrival time.

For the HSR the difference is at most 0.6 symbols long. A typical channel model for NSR is 5 taps long, and compared to this a jitter of 0.5 symbols is considered to be minor.

Further, the jitter is small compared to the transmit timing requirement and/or the length of a typical synchronization window, which both have a length of several NSR symbols.
4 Possible Guard Issues

In a system using a non-integral symbol period mapping the guard period is between, 8.25 NSR or 10.5 HSR symbols long. The shortest time occur between two NSR bursts. The longest between two HSR bursts.

In a system using integral symbol period mapping the guard period is changing from time slot to timeslot. The shortest guard period occurs between TS1 and TS2, and between TS2 to TS3 and is 384/13 us or 8 NSR symbols, if only NSR burst are sent. If an HSR burst are sent after a NSR burst, then the corresponding guard time is 396/13 us or 9.9 NSR symbols. Since an HSR burst have a slightly longer guard period, a NSR and HSR mixed system will always use equal or longer guard periods compared with a pure NSR system. And a pure HSR system will have the longest guard period.
The legacy system is designed for a pure NSR system and hence, no possible issues related to the length of the guard period can be expected.
5 NSR and HSR coexisting

Today, the implementation using integer symbol period is widely used for NSR systems. It is reasonable to assume that the BTS platforms sold today can implement both integer and non-integer symbols period mappings. However, there are very small gains, if any, with updating the systems from integral to non-integral symbol period mapping.
For future deployment of HSR functionality one can expect an operator to upgrade an existing NSR system with some new transceiver units supporting HSR. Then, if the original system uses integral symbol period mapping it is naturally that the new HSR time slots follows the legacy time structure. The option of mixing mappings using integral symbol period for legacy hardware with non-integral symbol period for new hardware supporting HSR, is non-likely to be a well functional configuration. Using frequency hopping in such a configuration would further degrade the system.
The most natural coexisting solution in this case, would be to reuse the legacy burst mapping, whether integral- or non-integral symbol period mapping is used. The length of the HSR burst is then adapted to be either: 156, 156.25 or 157 NSR symbols long, with the training sequence placed in the center. From Table 1 one can see that the HSR burst can be adapted to either of these lengths by assigning the guard period accordingly. 
6 Timing Advance Calculation
The BTS calculate the time when the uplink burst arrives. This time serve as an input to the Timing Advance (TA) regulation. Since the BTS, or higher layers, have knowledge if integral or non-integral symbol period mapping is used and which time slot that is currently assigned for the MS, it is possible to adjust the TA value such that an optimum transmit time for the MS can be found. Such an implementation is used in existing legacy systems using integral symbol mapping. Even if the MS uses a different implementation, the TA value will be adjusted such that an optimum receiver time is obtained. 

7 Conclusion

This paper has analyzed the issues related to the mix of integral- and non-integral symbol period mappings. The maximum time mismatch between the different implementations has been calculated. The time mismatch is also related to the introduced jitter when two different implementations are used by the MS and the BTS. The time mismatch and jitter was found to be maximum 0.5 NSR symbols long, which is expected to have a minor or no impact on the link performance.
Further, it is argued that any timing issues related to a mismatched use of the two implementations can be handled by the existing Timing Advance regulation.

Finally, the possibility of mixing legacy integral symbol period mapping with the HSR feature will be beneficial when deploying EGPRS2 in legacy networks.
This paper recommends that both integral- and non-integral symbols shall be supported in the future 45.010 releases.
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Sheet1

						Integer Symbol Period Mapping				Non-Integer Symbol Period Mapping

														Missmatch

						length (atc)		Start time		length (atc)		Start time		(atc)		(symbols)		(us)

		TS 0		Gard		228		0		210		0		-18		-0.45		-1.38

				Tail		160		228		160		210		0		0		0.00

				Encrypted Symbols		2760		388		2760		370		0		0		0.00

				Training sequence		1240		3148		1240		3130		0		0		0.00

				Encrypted Symbols		2760		4388		2760		4370		0		0		0.00

				Tail		160		7148		160		7130		0		0		0.00

				Gard		228		7308		210		7290		0		0		0.00

		TS 1		Gard		204		7536		210		7500		18		0.45		1.38

				Tail		160		7740		160		7710		12		0.3		0.92

				Encrypted Symbols		2760		7900		2760		7870		12		0.3		0.92

				Training sequence		1240		10660		1240		10630		12		0.3		0.92

				Encrypted Symbols		2760		11900		2760		11870		12		0.3		0.92

				Tail		160		14660		160		14630		12		0.3		0.92

				Gard		204		14820		210		14790		12		0.3		0.92

		TS 2		Gard		204		15024		210		15000		6		0.15		0.46

				Tail		160		15228		160		15210		0		0		0.00

				Encrypted Symbols		2760		15388		2760		15370		0		0		0.00

				Training sequence		1240		18148		1240		18130		0		0		0.00

				Encrypted Symbols		2760		19388		2760		19370		0		0		0.00

				Tail		160		22148		160		22130		0		0		0.00

				Gard		204		22308		210		22290		0		0		0.00

		TS 3		Gard		204		22512		210		22500		-6		-0.15		-0.46

				Tail		160		22716		160		22710		-12		-0.3		-0.92

				Encrypted Symbols		2760		22876		2760		22870		-12		-0.3		-0.92

				Training sequence		1240		25636		1240		25630		-12		-0.3		-0.92

				Encrypted Symbols		2760		26876		2760		26870		-12		-0.3		-0.92

				Tail		160		29636		160		29630		-12		-0.3		-0.92

				Gard		204		29796		210		29790		-12		-0.3		-0.92

				cont…				30000				30000		-18		-0.45
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						Integer Symbol Mapping				Non-Integer Symbol Mapping

				HSR										Missmatch

						length (atc)		Section Start		length (atc)		Section Start		(atc)		(symbols)		(us)

		TS 0		Gard		228		0		210		0		-18		-0.45		-1.38

				Tail		160		228		160		210		0		0		0.00

				Encrypted Symbols		2760		388		2760		370		0		0		0.00

				Training sequence		1240		3148		1240		3130		0		0		0.00

				Encrypted Symbols		2760		4388		2760		4370		0		0		0.00

				Tail		160		7148		160		7130		0		0		0.00

				Gard		228		7308		210		7290		0		0		0.00

		TS 1		Gard		204		7536		210		7500		18		0.45		1.38

				Tail		160		7740		160		7710		12		0.3		0.92

				Encrypted Symbols		2760		7900		2760		7870		12		0.3		0.92

				Training sequence		1240		10660		1240		10630		12		0.3		0.92

				Encrypted Symbols		2760		11900		2760		11870		12		0.3		0.92

				Tail		160		14660		160		14630		12		0.3		0.92

				Gard		204		14820		210		14790		12		0.3		0.92

		TS 2		Gard		204		15024		210		15000		6		0.15		0.46

				Tail		160		15228		160		15210		0		0		0.00

				Encrypted Symbols		2760		15388		2760		15370		0		0		0.00

				Training sequence		1240		18148		1240		18130		0		0		0.00

				Encrypted Symbols		2760		19388		2760		19370		0		0		0.00

				Tail		160		22148		160		22130		0		0		0.00

				Gard		204		22308		210		22290		0		0		0.00

		TS 3		Gard		204		22512		210		22500		-6		-0.15		-0.46

				Tail		160		22716		160		22710		-12		-0.3		-0.92

				Encrypted Symbols		2760		22876		2760		22870		-12		-0.3		-0.92

				Training sequence		1240		25636		1240		25630		-12		-0.3		-0.92

				Encrypted Symbols		2760		26876		2760		26870		-12		-0.3		-0.92

				Tail		160		29636		160		29630		-12		-0.3		-0.92

				Gard		204		29796		210		29790		-12		-0.3		-0.92

				cont…				30000				30000		-18		-0.45

						Integer Symbol Period Mapping				Non-Integer Symbol Period Mapping

														Missmatch

						length (atc)		Section Start		length (atc)		Section Start		(atc)		(symbols)		(us)

		TS 0		Gard		216		0		198		0		-18		-0.375		-1.38

				Tail		144		216		144		198		0		0		0.00

				Encrypted Symbols		2784		360		2784		342		0		0		0.00

				Training sequence		1248		3144		1248		3126		0		0		0.00

				Encrypted Symbols		2784		4392		2784		4374		0		0		0.00

				Tail		144		7176		144		7158		0		0		0.00

				Gard		216		7320		198		7302		0		0		0.00

		TS 1		Gard		192		7536		198		7500		18		0.375		1.38

				Tail		144		7728		144		7698		12		0.25		0.92

				Encrypted Symbols		2784		7872		2784		7842		12		0.25		0.92

				Training sequence		1248		10656		1248		10626		12		0.25		0.92

				Encrypted Symbols		2784		11904		2784		11874		12		0.25		0.92

				Tail		144		14688		144		14658		12		0.25		0.92

				Gard		192		14832		198		14802		12		0.25		0.92

		TS 2		Gard		192		15024		198		15000		6		0.125		0.46

				Tail		144		15216		144		15198		0		0		0.00

				Encrypted Symbols		2784		15360		2784		15342		0		0		0.00

				Training sequence		1248		18144		1248		18126		0		0		0.00

				Encrypted Symbols		2784		19392		2784		19374		0		0		0.00

				Tail		144		22176		144		22158		0		0		0.00

				Gard		192		22320		198		22302		0		0		0.00

		TS 3		Gard		192		22512		198		22500		-6		-0.125		-0.46

				Tail		144		22704		144		22698		-12		-0.25		-0.92

				Encrypted Symbols		2784		22848		2784		22842		-12		-0.25		-0.92

				Training sequence		1248		25632		1248		25626		-12		-0.25		-0.92

				Encrypted Symbols		2784		26880		2784		26874		-12		-0.25		-0.92

				Tail		144		29664		144		29658		-12		-0.25		-0.92

				Gard		192		29808		198		29802		-12		-0.25		-0.92

				cont…				30000				30000		-18		-0.375
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