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GERAN Evolution – Comments on Modified Dual Symbol Rate
1 Introduction

A Modified Dual Symbol Rate (MDSR) concept was proposed as a way forward for uplink enhancements as part of GERAN evolution [1] and [2]. In this contribution some issues with implementation of modified dual symbol rate are highlighted.

2 Blind modulation detection

In MDSR, the signal has a different symbol rate (1.5 times normal EDGE) and higher order modulation is also proposed. This has the following implications:

· The maximum output power is lower by 2 dB because of higher peak-to-average ratio (PAR).

· The energy per bit is lower by 1.8 dB because of shorter symbol period.

· The energy per bit is a further 1.2 dB lower because of higher number of bits per symbol.

The above implies that there is a total reduction of approximately 5 dB in terms of energy per bit and this has significant impact on the cell edge performance. Thus QPSK as an alternative modulation scheme is seen as mandatory for the concept to work with reasonable cell edge throughput. However, this would complicate the blind detection process for the MDSR and also traditional EGPRS MCS because of the choice between 4 different modulation formats (GMSK, 8-PSK, 16-QAM and QPSK), 2 different symbol rates and 2 different center frequencies for the carrier. The performance of blind modulation detection especially at low C/I and low input level where EGPRS starts working (e.g. where MCS-1 has a BLER of 50 %) should be investigated to see the impact of such a new proposal on the uplink.

3 Spectrum mask and spurious emissions

At first glance, the spectrum of MDSR looks as wide as the spectrum of two adjacent GMSK modulated carriers. However, the adjacent channel performance is worse.

3.1 Adjacent channel protection

Today, the attenuation of the first adjacent channel interferer (±200 kHz) through reference, 180 kHz wide RX filter amounts to 18 dB. However, for MDSR, the attenuation in -200 kHz/+400 kHz offset would be only 16 dB as shown in Table 4 of [3]. 2 dB lower adjacent channel protection correspond to almost 60 % more power leaking into the adjacent channels.

3.2 Spectrum after PA and spectrum mask

The simulated spectrum after a PA model and the comparison with a spectrum mask, shifted by 100 kHz as shown in Figure 2 of [3], shows that the mask is violated at 300 kHz and continuously between 500 and 1000 kHz carrier offset despite a 2 dB higher output power back-off than for 8-PSK. It can be concluded that 

· either the additional back-off of 2 dB is still too low or 

· a more linear and hence less efficient PA would be needed or

· the constellation diagram needs to be optimized with respect to the peak-to-average and peak-to-minimum ratio or

· more spectrum relaxation than just a horizontal shift of the mask will be needed, leading to more adjacent channel interference.

Furthermore, the wide band noise emissions of an MDSR Tx chain need to be investigated too, in particular the noise in the downlink band.
4 Implementation issues

Both MS transmitter and BTS receiver should have low RF impairments since 16-QAM is more sensitive to RF impairments than 8-PSK. Simulations should take the RF impairments into account.
4.1 MS implementation issues

To generate the MDSR modulation in the MS, it was proposed to apply an offset of 100 kHz in the baseband modulator. This means that the required baseband bandwidth will double although the symbol rate is only 50 % higher. The two different symbol rates and the doubled bandwidth may require a different, higher DAC sampling frequency and a wider filter bandwidth of the subsequent low-pass filters. A higher total noise power is expected. Therefore the achievable spectrum mask as well as wideband noise and spurious emissions should be investigated. If MDSR needs a relaxation of spectrum requirements, the MS should have the possibility to switch between two filter bandwidth settings, one for legacy EGPRS and one for MDSR. 

Because of the higher PAR of 16-QAM, PAs with reasonable efficiency would need a higher output power back-off than for 8-PSK. New power classes would have to be defined. Furthermore, not only the higher PAR, but also the zero crossings may require higher linearity, and polar loops could not be used.
4.2 Network implementation issues
The IRC performance which was assumed in the MDSR simulations was based on synchronous networks. However, most networks are asynchronous. IRC performance in asynchronous networks may be lower. Since IRC is a prerequisite for full MDSR performance, simulations would be appreciated which prove that MDSR provides similar gains in asynchronous networks. 
Since the MDSR signal occupies two channels, IRC will have to cope with a higher number of interferers, distributed over wider spectrum (at least 2 GSM channels). To assess the MDSR performance under more adverse conditions for IRC, simulations similar to those presented for DTS-2 scenario would be appreciated, however with 2 equally strong adjacent channel interferers at 0 dB power each instead of one adjacent channel interferer at +3 dB.

The MDSR spectrum occupies two channels. This means that MDSR cannot be used on the highest channel of an operator's frequency band. This restriction may have an impact on the frequency planning. MDSR may require other channel assignments or hopping sequences than legacy EGPRS.
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Blind detection needs to be extended as shown in Section 2. 
The equaliser would have to cope with
- a longer impulse response in terms of taps,
- more symbols and, in addition, 
- more states per symbol.

5 Conclusion

It is expected that MDSR is that complex that it cannot be implemented in all legacy networks. Furthermore, the performance of blind modulation detection with this proposal would need to be investigated to see the impact on legacy MCS. A wider spectrum mask than today's 8-PSK mask shifted by 100 kHz to either side would most likely be necessary for the feasibility of this concept and it is expected that the noise in the downlink band would be higher because of the wider bandwidth of the signal. Some issues with MS and network implementation are also expected as highlighted in Section 4. Thus Siemens believes that the concept

· Is not a candidate for a GERAN evolution work item unless the requirement for legacy BTS hardware compatibility is dropped,

· Would need further technical investigation and, because of the numerous open questions, 
would not be mature enough to be part of Rel-7 enhancements. 

It is proposed that Sections 2, 3 and 4 of this contribution are captured in the GERAN Evolution Feasibility study document. 
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