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Dual Symbol Rate Link Level Simulation Results
1 Introduction

In order to increase the data rates on UL, the concept of dual symbol rate[1] is proposed by Nokia. Though DSR can bring higher average uplink bit rates, it is still has several highlight drawbacks such as higher PAPR, higher 200 kHz adjacent channel interference level and higher receiver complexity of Hilly Terrain channel. 
This paper will mainly use link level simulation results to show these problems and give some suggestions. 
In Sec. 2 the PAPR of DSR is discussed. In Sec. 3 the DSR receiver complexity is evaluated. In Sec. 4 some link level simulation results using interference rejection combining(IRC) for reception of dual symbol rate are presented, the performance is evaluated against the performance of single antenna reception of ordinary 8-PSK signal at 200kHz adjacent channel interference limited scenarios, at the same time, the 8-PSK performance with DSR adjacent interference is also evaluated.
2 Modulation
According to GP-060190, we also apply the existing 8-PSK modulation to Dual Symbol Rate and the shaping pulse filter is Root raised cosine(roll-off=0.29) which could cause 2dB performance gain to counteract 3dB loss due to halved energy per symbol.
Table 1 Modulation parameter comparison

	
	8-PSK(ordinary 8-PSK)
	DSR(dual symbol rate)

	Symbol Rate
	270 833.3 symbols/s
	541 666.7 symbols/s

	Modulation
	8-PSK
	8-PSK

	Rotation
	3
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	Shaping pulse
	Linearised Gaussian, BT=0.3
	RRC, roll-off=0.29

	Peak to Average Ratio
(99.9%PAPR)
	3.2dB
	3.7dB


Table 1 shows the PAPR of DSR is very different to 2.8dB that GP-060190 stated. To illustrate the problem more clearly, the constellation of DSR with RRC shaping pulse filtering is presented.
Figure 1 shows that the constellation of DSR is very irregular. So DSR will require higher linearity of power amplifier and it will have an impact on the power consumption of the MS. The constellation of BPSK is also simulated that is relatively regular and its PAPR(99.9%) is 1.69dB which approximates the PAPR(1.5dB) of HPSK on WCDMA UL.
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Figure 1 constellation with 3
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3 Evaluation of receiver complexity
GP-060190 stated that the receiver complexity for DSR is about up to 50% higher per bit under the condition that the simulated receiver has 11 taps. We think the complexity is different for different propagation models. For TU channel model, the maximum RMS delay is 5.0 μs, its influence to the taps number of channel estimation is smaller than the influence which the shaping pulse filter creates. So when the symbol rate doubles, the receiver taps number is nearly unchanged. But the max RMS delay of HT channel model is 20.0μs which will influence the receiver taps number more seriously than the shaping pulse filter dose, so the simulated receiver has 11 taps, some parameters of pre-filtering is also enlarged to make the complexity of pre-filtering about twice as much as in ordinary 8-PSK. 
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Figure 2 Influence of DSR receiver taps number in TU50 using single antenna
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Figure 3 Influence of DSR receiver taps number in HT100 using single antenna
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Figure 4 Influence of DSR receiver taps number in TU50 at single interference scenario using two antennas
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Figure 5 Influence of DSR receiver taps number in TU50 at SAIC interference scenario using two antennas


Note: the performances of DSR take no account of 0.5dB power back-off to ordinary 8-PSK
For convenience, only pay attention to the BER performance. Figure 2 shows the performance of 8-PSK with 6 taps and performance of DSR with taps equal to 6, 8 and 11 in TU50. It’s obvious that the performance of DSR with 6 taps is best, just like analysed above. Figure 3 shows that in HT100 using 11 taps cause best performance, and as the number of taps decreases, the performance decreases quickly. 
To show the inapplicability of 11 taps in TU50 more clearly, the influence of taps number using two antennas IRC/MRC is also presented, see figure 4, 5. The performance shows that the influence of taps number is more sensitive when two antennas IRC is used. At high CIR level, performance of 11 taps is very bad and is almost near the performance limit, because 11 taps have exceeded the estimated TU channel length which is about 8T, and longer taps will introduce more noise. Table 2 will show the CIR gain(at BER=4%) using 6 taps against 11 taps at different scenarios.
Table 2 performance gain using 6 taps against 11 taps in TU50 at interference scenarios
	Scenarios
	Single interference
 IRC
	Single interference MRC
	SAIC interference

 IRC
	SAIC interference MRC

	Gain
	2dB
	2dB
	2.5dB
	2dB


In summary, for TU channel model the receiver complexity for DSR is as same as for EDGE receiver per bit, and for HT channel model the receiver complexity for DSR is about 50% higher per bit because the complexity of channel estimation and pre-filtering double.
Table 3 complexity estimation for DSR in TU and HT channel model
	Function
	Relative to EDGE in TU

(per bit)
	Relative to EDGE in HT

(per bit)

	Channel estimation
	1
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	Pre-filtering
	1
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	Equalizer
	1
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	De-coding
	1
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	Total
	1
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4 Evaluation of adjacent channel interference level
When using an RRC filter with dual symbol rate, the minimum required bandwidth is 540 kHz, and the current 200 kHz channel spacing will bring serious adjacent channel interference. In order to suit the adjacent channel interference rejection requirements, GP-060190 states that IRC techniques are required. In the following, the simulation results are presented to show the influence of IRC techniques using two antennas receiver diversity.
Table 4 Simulation Configurations
	
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	wanted signal
	DSR

RRC shaping pulse
	DSR

RRC shaping pulse
	DSR

RRC shaping pulse
	DSR

RRC shaping pulse

	1st adjacent channel interference model
	8-PSK single

linearised Gaussian
	8-PSK SAIC

(FL=40%)

linearised Gaussian
	8-PSK single

linearised Gaussian
	8-PSK SAIC

(FL=40%)

linearised Gaussian

	channel model
	TU50
	TU50
	HT100
	HT100

	synchronization
	yes
	yes
	yes
	yes


Note: the bandwidth of receiver filter of DSR is 540kHz, that of 8-PSK is 180kHz.
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Figure 6 Performance of DSR IRC in TU50 with one 8PSK ACI
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Figure 7 Performance of DSR IRC in TU50 with SAIC 8PSK ACI
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Figure 8 Performance of DSR IRC in HT100 with one 8PSK ACI
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Figure 9 Performance of DSR IRC in HT100 with SAIC 8PSK ACI


According to the reference sensitivity level for 8-PSK modulated signal[2] and simulation performance of single antenna receiver, the 1st adjacent channel interference ratio limit of 8-PSK can be derived, 2dB for TU50 and 6dB for HT100(Table 5). Using DSR signal shaped by RRC filter, the frequency spectrum is spread to at least 541.67 kHz, then 1st adjacent channel 8-PSK  interference will almost leak to the spectrum of wanted signal, its influence to DSR signal is similar to co-channel interference for ordinary 8-PSK signal. As we know, the performance of IRC is very good when the interference is single and the network is synchronous, but as the number of interferences increases, the performance of IRC will descend very quickly. Table 5 shows the 200 kHz adjacent channel interference ratio limit of DSR from the link level simulator, at the BER level of 4%.
Table 5 200 kHz adjacent channel interference ratio limit of 8-PSK and DSR
	scenario
	Single antenna 8PSK(dB)
	Single antenna DSR(dB)
	Two antennas DSR MRC(dB)
	Two antennas DSR IRC(dB)
	DSR IRC to 8PSK loss(dB)

	1
	2
	14
	9.5
	2
	0

	2
	2
	14
	10
	8.5
	6.5

	3
	6
	18
	13
	9
	3

	4
	6
	19
	13.5
	12.5
	6.5


Note: Performance of single antenna 8-PSK is under TU50/HT100(900MHz, no FH), MCS6, the reference adjacent channel interference ratio in TU50 is 1dB[2] that our derived result(2dB) approximates to.
The simulation results in scenario 1 show that IRC can achieve the same 1st adjacent channel interference limit as ordinary 8-PSK, so the existing frequency planning may not be changed. But in SAIC interference scenarios which are more similar to the real scenarios, IRC gain is weak, 6.5dB loss to 8-PSK 1st adjacent channel interference limit in both TU50 and HT100 channel models. So for real application, in UL scheduling 1st adjacent channel should not be allocated. For 2nd and more frequency offset channel frequency planning is not changed because it is out of the DSR frequency spectrum width.
In the simulation scenarios above, the wanted DSR signal is interfered by single adjacent or SAIC adjacent ordinary 8-PSK interferences. In the following, the adjacent interference level of 8-PSK interfered by adjacent DSR signal is evaluated.

The adjacent interference level can be derived by 8-PSK ACP and IRC performance with co-channel interference. GP-060190 stated that the interference in the adjacent channel is just about 1dB less than that in the centre channel, so we can derive the 1st ACP of DSR is about 5.19dB. From TS-45.005 the co-channel and 1st adjacent channel interference level of PDTCH modulated by 8-PSK can also be achieved. For example, TU50(no FH), MCS-6, the co-channel interference ratio is 18dB and adjacent channel interference ratio is 1dB, the difference is 17dB. According to DSR interference, excluding 5.19dB that DSR 1st adjacent channel power decrement, IRC technique must bring about 12dB gain, otherwise the existing frequency planning can not be used. But as we know, IRC gain is very sensitive to interference scenarios. Referring to the performance of IRC/MRC using two antennas diversity, MRC gain to one antenna is about 5~6dB, IRC gain to MRC is about 6dB in one synchronous interference scenario and the gain is about just 1dB in synchronous SAIC interference scenario. So in SAIC interference scenario the gross gain can not reach 12dB, and the problem of frequency planning can not be solved only by IRC technique.
5 Conclusion

This paper discusses the PAPR of dual symbol rate, makes an evaluation about the receiver complexity in different wireless propagation channel models and presents some link level simulation results which show the influence to 1st adjacent channel frequency planning of DSR. 
From the results we can see that although dual symbol rate can increase the date rates highly, there are still some problems. The MS needs 0.5dB power back-off to counteract the higher PAPR of DSR. The receiver taps number and the receiver complexity is a subject to FFS to balance the performances both in TU and HT profiles. More performances of DSR in different interference scenarios should also be presented and its influence to frequency planning is for further studying.
It is proposed to include this text to the feasibility study of GERAN revolution.
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