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Updates to Dual Symbol Rate

1 Introduction

Dual Symbol Rate (DSR) is proposed as a candidate for uplink data rate improvement for GERAN [1]. This contribution outlines some drawbacks of the proposed concept of DSR and some recommendations for the feasibility study are made. 

2  Problems with RRC pulse shaping

The pulse shaping filter for DSR is proposed to be changed to Root Raised Cosine (RRC) filtering instead of the linearised GMSK filter as used in normal EDGE. While RRC filtering gives good ISI properties in single path environments, the signal suffers from poor RF characteristics. For instance, the new pulse shaping filter leads to zero crossings in the transmitted wave form and this is critical for polar TX architectures. 
Figure 1 shows the DSR vector diagram with 3/8 rotations across adjacent symbols. For reference, the corresponding figure for normal EDGE is also shown (on the left). 
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Figure 1: Signal transition diagram for linearised GMSK pulse shaping and RRC pulse shaping

It can be observed that the peak to average ratio with RRC filtering (4.28 dB) is significantly higher than the one with linearised GMSK filtering (3.22 dB). This means that additional back-off is needed for DSR signal on the uplink in addition to the problems with zero crossings. 

This additional back-off needed for DSR would reduce the overall gains achieved by DSR in coverage limited scenarios and at the cell border. Changing the pulse shaping filter back to conventional linearised GMSK filter would not solve the issue either because of the 3 dB loss in energy per bit with DSR.
Though the impulse response of RC filter has almost same duration as normal GMSK pulse, the number of taps needed in the equaliser could be more because of higher symbol rate.
3 Comparison with MIMO

It is proposed that DSR scheme can be viewed as a pseudo MIMO system for data transmission with spatial multiplexing [1]. However, a MIMO receiver needs at least as many Rx antennas as there are data streams occupying the same timeslot and channel. A spatial multiplexing is proposed without ensuring that this MIMO requirement is fulfilled. A BTS has typically 2 Rx antennas, but there may be more than two data streams in a given timeslot and channel. For instance see Figure 2
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Figure 2: Multiple interferers in a given timeslot and 200 kHz channel with DSR – Source [1]
Moreover, the weighting coefficients of the two Rx antennas can only be set either for spatial filtering or for maximum ratio combining (MRC), but not for both at the same time. Hence, if the two Rx antennas are used for spatial filtering to separate a conventional GSM signal and a DSR signal which occupies the same channel, the two Rx antennas can no more be used to improve the SNR by MRC.

Since in MIMO the TX antennas are located on the same terminal, only the throughput of that single terminal suffers if spatial multiplexing fails (e.g. because of insufficient rank of the channel matrix), whereas with this proposal, since the two transmit antennas are on different terminals, a DSR user can jam the uplink of another MS's voice call. 
4 Other issues

It is expected that on the channels at the border of the licensed spectrum DSR can not be used. This restriction will prevent the use of the existing hopping sequences and may require separate hopping sequences for DSR. In a non-hopping case, an intra-cell handover from a channel at the border to a channel more in the middle of the licensed spectrum would be needed prior to a link adaptation to DCS-5...9 because of the much larger bandwidth. 
Since optimum RX bandwidth is not known in advance because of blind detection, the receiver might either have to do sort of double detecting or the performance would be suboptimal.

5 Conclusion

It is expected that there are further implications from the RF perspective due to RRC filtering with DSR. Since the results presented in the feasibility study so far have not taken RF impairments into account, there are expected to be too optimistic. Further problems are expected in coverage limited scenarios because of higher PAR of DSR signal. It is recommended to include these concerns in the feasibility study document. 
6 References

[1] 3GPP TR 45.912 V0.5.0, Feasibility study for evolved GSM/EDGE Radio Access Network (GERAN)
Appendix 1
Proposed updates to various DSR sections of the feasibility study
It is proposed that the text in various sections of the GERAN Evolution feasibility study document is updated with the following modifications.
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9.1 Concept description

The dual symbol rate, which uses similar 8PSK modulation as EDGE, doubles up link bit rates with minimal impact to mobile stations. The transmission bandwidth is also doubled and needs appropriate receiver in BTS. According to simulations both spectral efficiency and coverage can be enhanced significantly. With dual symbol rate it’s possible to utilise properties of interference rejection combining diversity receiver for both DSR reception and also to provide additional robustness against wideband interference to normal 8PSK and GMSK reception.  

Dual symbol rate is likely not applicable in downlink until penetration of diversity MS’s employing IRC is high enough to cope with DSR as base stations do in uplink.

The DSR is distributed (Nx2) MIMO system, where multiple users share the same uplink band width resulting spectral efficiency gain.

Editor’s note: explain further MIMO description
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Figure 89 DSR is as a distributed MIMO scheme
A MIMO receiver needs at least as many Rx antennas as there are data streams occupying the same timeslot and channel. With DSR, spatial multiplexing is proposed without ensuring that this MIMO requirement is fulfilled. A BTS has typically 2 Rx antennas, but there may be more than two data streams in a given timeslot and channel. For instance see Figure 92.

Moreover, the weighting coefficients of the two Rx antennas can only be set either for spatial filtering or for maximum ratio combining (MRC), but not for both at the same time. Hence, if the two Rx antennas are used for spatial filtering to separate a conventional GSM signal and a DSR signal which occupies the same channel, the two Rx antennas can no more be used to improve the SNR by MRC.

Since in MIMO the TX antennas are located on the same terminal, only the throughput of that single terminal suffers if spatial multiplexing fails (e.g. because of insufficient rank of the channel matrix), whereas with this proposal, since the two transmit antennas are on different terminals, a DSR user can jam the uplink of another MS's voice call. 
9.2.1 Modulation
The Dual Symbol Rate could apply the existing 8PSK parameters excluding symbol rate and shaping filter. The following table compares modulation parameters of DSR and 8PSK.  

Table 43 Modulation parameter comparison

	
	8PSK
	DSR

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

	Modulation
	8PSK
	8PSK

	Rotation
	3π/8
	3π/8

	Shaping pulse
	Linearised Gaussian, BT=0.3
	Root raised cosine, Roll-Off= 0.29 

	Peak to Average Ratio (PAR)
	3.2 dB
	4.3 dB 


The spectrum of DSR with roll-off 0.29 is shown and is compared with three 8PSK carriers in Figure90.
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Figure 90 Spectrum of dual symbol rate with roll-off=0.29
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Figure 91: Signal transition diagram for linearised GMSK pulse shaping and RRC pulse shaping
The vector diagram of the DSR signal showing the signal transitions is shown in Figure 91. There are zero crossings in the signal which prohibit the use of today’s polar loop transmitters. Further, the peak to average ratio of the DSR signal is more than 1 dB higher than that of the 8PSK with linearised GMSK pulse shaping.
Note: The impact of higher back-off needed for DSR signal has to be further investigated along with other RF impairments due to the change in pulse shaping

9.6
Impacts to the mobile station

Dual symbol rate has small impact to terminal e.g. HW changes could be limited to the modulator. Linearity requirements e.g. due to higher peak to average ratio and zero crossings are higher than what they were for 8PSK. Modulation spectrum mask at 800 kHz offset may need to be relaxed allowing reasonable transmitter efficiency. 

Encoding complexity of DSR is 2 times higher per timeslot than for 8PSK.

Switching between DSR and voice would be about similar than between GMSK and 8PSK today. Doubling the modulation rate is likely quite straightforward e.g. basic GSM clock 13MHz is divided by 24 instead of 48, i.e. integer divider can be used. Existing guard band is sufficient for switching because length of shaping filter is not longer in time than that used for GMSK or 8PSK. 

With DSR, the DAC would have to run at a higher sampling rate which would require a wider filter after the DAC. The wider Tx filter would in turn increase the Tx noise power.

Note: The impact of the higher Tx noise power on wide band noise and spurious emissions needs to be investigated.
9.5.3
Coverage 

(...)

The used RRC modulation shaping filter has a bit relaxed bandwidth compared to the existing linearised GMSK filter resulting to almost 2 dB gain. Thus expectation to see about 3dB loss due to halved energy per symbol in DSR is not a valid assumption for DSR. However, the impact of additional back-off – required because of higher PAPR of the DSR signal – on the coverage needs further study. 
 (...)
9.7.3
Impacts to the BSS radio network planning

Without any DSR specific RRM optimisation the DSR can be used for frequency reuses up to 1/1. IRC receiver can typically cope with increased UL interference and voice capacity is not decreased e.g. assuming existing networks employ MRC or have sufficient unused gain from IRC as shown in 9.5.5.  

Indeed it is possible to use DSR specific RRM e.g. power control as depicted in chapter 9.5.7, to ensure no impact to voice quality with legacy MRC transceivers.   

Possibly some considerations would be needed for edge channels of the operator band e.g. use of DSR/EGPRS is restricted at edge channels by punctured MA list, i.e. the applicable MA list will depend of the service. With the new punctured MA list, there will be collisions in the used frequencies in the hopping patterns because of unequal number of hopping frequencies in the hopping lists.

The dual symbol rate benefits from synchronised BSS for tightest frequency reuses, as does AMR with SAIC. 

Performance in asynchronous networks is FFS. It could be assumed that DSR power control can be optimised for asynchronous networks as well.    

Neighbouring base stations on the same band with DSR should preferably use interference rejection combining, and so would be more robust against uplink interference from other cells. This may not be possible by all legacy transceivers, e.g. MRC receivers thus RRM e.g. power control may be used to cope with it.

Thus DSR does not need changes on the existing frequency planning and DSR may be enabled like any plug and play feature to the existing networks.

Appendix 2: Screen shot of DSR simulation using WinIQSIM from Rohde & Schwarz
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Peak-to-average ratio PAR = 20 log10(peak amplitude / RMS amplitude) dB = 20 log10(1.6364/0.9990) dB = 4.3 dB
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