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[First Modified Section - New]
8.8a  Modulation Order and symbol Rate Enhancement  (MORE) [43]
In this subclause, the combination of higher order modulation with 20 % higher symbol rate is investigated.
8.8a.1 Concept Description
The concept includes the following elements
· higher order modulations (16-ary and 32-ary modulations)

· higher symbol rate (the same as for HUGE, i.e. 325 ksymbols/s)

· slightly broader pulse shaping than the linearised GMSK (similar to HUGE)

· use of both convolutional and turbo codes 

8.8a.2 Discussion of the Concept
8.8a.2.1 Benefits 

Synergies between HUGE and MORE related to modulation, coding schemes, increased symbol rate and pulse shaping can be exploited. 

MORE can be combined with MSRD to achieve good performance already at moderate C/I ratios and hence increase the spectral efficiency.

MORE can be combined with downlink dual carrier to achieve higher peak data rates on the downlink. Up to a quadrupling of the EDGE data rate is possible using 32-ary modulation, which would allow peak data rates of approximately 950 kbps for a MS with 4 TS. 

A phased approach is proposed which allows for proper interoperability testing of mobiles with networks based on a phased implementation for both mobiles and networks.

MORE takes into account legacy networks by including improvements to throughput and spectral efficiency on basis of 8-PSK modulation.

Together with HUGE, MORE can provide both higher spectral efficiency and higher peak data rates for operators with scarce radio resources, relying on symmetrical single carrier traffic channel deployments. Hence the GERAN Evolution performance requirements are met.    

In combination with improvements being standardized under the latency reductions work item, HUGE and MORE can provide bearers for support of bidirectional real-time data or conversational services over PS.  

Hence MORE provides a future proof path for GSM/GERAN operators intending to deploy GERAN Evolution features. 

8.8a.2.2 Drawbacks 

Higher symbol rates with 16-ary and 32-ary modulations may not be supported on many legacy networks. However, as 8-PSK with 325 ksymbols/s is also considered as an option for the downlink, some legacy networks might be able to support at least the first level of the proposed downlink enhancements.

One additional work item is to be treated. However given synergies between HUGE and MORE, the additional standardisation effort due to MORE should be rather moderate and the standardization of MORE can even be time aligned with HUGE.
8.8a.3 Performance Estimation  

In this section, the performance of an example coding scheme is studied at higher symbol rate and different bandwidths. Studying different bandwidths is of greater importance because it might be necessary to limit the bandwidth of transmission on the downlink to today's bandwidth despite the higher symbol rate as greater adjacent channel interference might have more impact on legacy mobiles unlike HUGE where most networks are expected to cope with the higher interference using diversity reception. 
For this initial study, linearised GMSK pulse shaping is assumed. It is expected that the performance shown in this contribution could be bettered using enhanced pulse shapes. For the purpose of simulations, an ideal single antenna receiver for the downlink without RF impairments is assumed.  

At this time no new coding schemes for higher symbol rate are defined. It should be noted that by using transmissions at higher symbol rate, there is space for more symbols in a given burst. 
With 1.2 times the legacy symbol rate (325 ksymbols/s), we have 20 % more room for additional symbols and hence additional bits. One way of using this additional space is to have more robust coding for the data. Hence, for comparison, we selected two EGPRS coding schemes - MCS-8 @ 0.92 code rate and MCS-7 @0.76 code rate. Note that the relation between the code rates of the two coding schemes is a factor of 1.21 which is close to what could be gained using additional symbols from increased symbol rate. The performance of a legacy transmission using MCS-8 is then compared with that of MCS-7 with legacy and new pulse shape and the channel is run at higher symbol rate. The impact of additional inter symbol interference due to wider pulse shape in terms of symbol periods (depending on pulse width) is modeled. The delay spread of the channel in terms of symbol periods also increases at higher symbol rate and this effect is also modeled in the link simulator. Three different bandwidths are considered for the simulations as shown in Figure 232.b. The spectra of the modulated signals are measured during the simulation and Figure 232.a shows the spectra. It can be seen that when 20 % higher bandwidth is allowed for the modulated signal, the spectrum mask cannot be met (red curve in). However, by reducing the bandwidth of the signal (green and blue curves) it is possible to meet the spectrum mask. The performance of these modulated signals is studied and is compared with transmission at legacy symbol rate (Figure 232.b).
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Figure 232.a: Simulated spectra of the modulated signals
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Figure 232.b: Expected performance of higher symbol rate coding schemes

 From the above results, it could be observed that though there is some loss (~ 0.5 to 1dB) in performance due to higher symbol rate without corresponding bandwidth increase; it is still possible to have huge gains (almost 5 dB in the simulated case @ 10% FER). Since most of the gain is coming because of additional code space, it is expected that such gains are not possible for all coding schemes (in particular coding schemes which are already robustly coded may have lesser gains). Under sensitivity limited conditions, a higher inter symbol interference will result in slightly lower coverage as the peak to average ratio of the signal will then be slightly higher. However, as can be seen from the performance improvement shown in Figure 232.a, it is expected that a considerable improvement can still be achieved. 

It can hence be concluded that even at the current bandwidth, the performance of the coding schemes at higher symbol rate is significantly better and thus it is expected that MORE could be deployed on the downlink with out any impact to the legacy mobiles.
[Next modified clause - New]

8.9a  Implementation Aspects of MORE
8.9a.1 Mobile stations
· Implementation of higher order modulations (16 ary and 32 ary) as discussed in the GERAN Evolution feasibility study.

· Implementation of a receiver taking into account the broader TX pulse shape (by e.g. using a matched filter).
· Implementation of a receiver processing higher symbol rate. For the symbol rate of  325ksymbols/s a complexity increase up to 50 % is expected.
· Implementation of turbo decoder.
8.9a.2 Network

· Implementation of higher order modulators, fulfilling tighter EVM requirements.
· Implementation of broader TX pulse shaping.
· Implementation of higher symbol rate transmitter.

· Optionally implementation of turbo encoder.

[Next modified clause]
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