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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 2. The spectra of the modulated signals are measured during the simulation and Figure 1 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 Figure 1). 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 2).
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Figure 1: Measured spectra of the modulated signals
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Figure 2: 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 2, 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.
8.8a.4 Burst format for MORE compatible with USF decoding for legacy EGPRS MS [44]
There are concerns regarding the introduction of a new modulation on the downlink as this would lead to resource segregation because the legacy mobiles can not monitor the USF on these downlink timeslots.

Already the introduction of 8-PSK created problems to multiplex different MS onto the same timeslot: The legacy GPRS MS cannot equalise and decode radio blocks transmitted using 8-PSK, hence they can only decode whether they were granted a USF or not if the USF is transmitted in a GMSK modulated radio block. USF granularity 4 was introduced as a remedy, but the related scheduling restrictions lower the throughput and increase the latency. 

With an increased number of MS types – GPRS, EGPRS and different phases of MORE or just higher order modulation – timeslot segregation would cause even higher segregation losses than with today's two types of MS because of the restrictions in timeslot assignment. Hence timeslot segregation is not a suitable solution either.

To avoid the disadvantages of USF granularity 4 and timeslot segregation for higher order modulation or MORE, a burst format is proposed which can signal the USF not only to MS supporting the new modulation schemes, but also to legacy EGPRS MS. Thus USF granularity 1 can be maintained when introducing the new modulation schemes.

Note that although the concept could in theory be applicable also to all burst formats for higher order modulation and/or higher symbol rate, the examples in the following include higher symbol rate. 

8.8a.4.1 Burst Format

The EGPRS burst format is reviewed and new burst formats for the three different modulations supported by MORE are proposed.

8.8a.4.1.1 EGPRS burst format

Figure 1 shows the burst format of an 8-PSK modulated EGPRS downlink burst. T denotes the tail bits, e the "encrypted bits" (RLC block header and data), SF the stealing bits, USF the USF bits and TSC the training sequence. In the lower line of the boxes, the size of the fields is given in bits.


Figure 3: 8-PSK modulated EGPRS downlink burst format [4, 5] (non-linear scale)
It should be noted that the USF information is placed in the two symbols preceding and the two symbols following the training sequence. This means that a legacy EGPRS MS will be able to detect the USF correctly if it can equalize and decode the 30 symbols in the middle of the burst. To this end, at least those 30 symbols need to remain 3(/8-8PSK modulated with legacy symbol rate in a MORE burst using higher symbol rate and optionally higher order modulation.

8.8a.4.1.2 Possible burst format for MORE

On the one hand, as many "encrypted bits" as possible should be modulated with the 20 % higher symbol rate and, if applied, the higher order modulation. On the other hand, the new modulations cause intersymbol interference onto the 3(/8-8PSK modulated symbols in the middle of the burst. To alleviate this intersymbol interference which an 8-PSK equalizer cannot cope with, there are not only two, but three 3(/8-8PSK modulated symbols with legacy symbol rate on each side of the training sequence. At the transition between these 32 symbols in the middle of the MORE burst and the adjacent symbols with higher symbol rate, the centres of the symbols have still the legacy spacing of 3.69 µs to further ease the equalization. 

The symbol rate and optionally the modulation need to change also between the payload and the guard period. It is proposed to place these transitions between the tails and the payload. In these two transitions, the centres of the symbols are only 3.08 µs apart, i.e. the 20 % higher symbol rate applies.

Since 3 out of the 58 useful symbols in each half burst keep the legacy 3(/8‑8PSK format, there are 55 symbols in each half bursts left, which, by the 20 % higher symbol rate, turn into 66 symbols at 325 ksymbols/s. In figure 2, the number of symbols in each field is given in the lower line of the boxes.






Figure 4: Proposed partitioning of legacy and new symbol rate in a MORE burst (non-linear scale) 

The burst format for MORE transmits the training sequence plus three symbols on each side as well as the tail symbols using 8-PSK with legacy symbol rate. Therefore, legacy EGPRS MS will be able to decode the USF even in bursts carrying 16- or 32-ary modulation. Hence neither resource segregation nor a USF granularity of four will be needed for multiplexing MORE and legacy EGPRS MS onto the same timeslot.

The pulse shape for the legacy 8‑PSK compatible parts need not be the linearized GMSK pulse because the channel estimation and equalization of legacy EGPRS MS is expected to cope with the differences between the linearized GMSK pulse and a new pulse shape. The pulse shape should be the same throughout the burst – otherwise the channel estimation could become more complicated.

In order to optimize the quality of the channel estimation, of the blind detection and of the USF detection under sensitivity limited conditions, the constellations of 8-PSK and the higher order modulation may be scaled to the same peak amplitude.

8.8a.4.1.2.1 8-PSK

As figure 3 shows, the number of "encrypted bits" in an 8-PSK modulated MORE burst with higher symbol rate totals 403 which corresponds to an increase by 20 %. In the lower line of the boxes, the size of the fields is given in bits.


Figure 5: Proposed burst format for MORE with 8-PSK and higher symbol rate (non-linear scale)
It is proposed to keep the 3(/8 rotation throughout the burst. Since there are 11 additional symbols in each half burst compared with the legacy EDGE burst, the rotation between the tails and the TSC increases by 11∙3(/8 which corresponds to (/8. This means that there is a phase difference of -(/8 between the tails at the beginning of an 8-PSK modulated MORE burst and the tails at the beginning of an EDGE burst, the burst's TSC being the phase reference. To keep the phase difference between the tails at the beginning and at the end of a MORE burst equal to the corresponding phase difference of an EDGE burst, it is proposed to change the tail symbols at the end of a MORE burst from the default value (1,1,1) to (1,1,0). Otherwise, legacy EGPRS MS which use the tail symbols for frequency offset estimation might be misled. 

At the same constellation and Tx pulse, the difference in symbol rate would create a power difference between the different parts of the burst. This can be compensated by scaling the constellation of the 8-PSK at 325 ksymbols/s slightly down.

8.8a.4.1.2.2  16-ary modulation
Figure 4 shows how a MORE burst with 16-ary modulation might look: The middle of the burst and the tails are modulated with 3(/8-8PSK and the current symbol rate (271 ksymbols/s). The remaining parts in each half burst are filled by 66 symbols with 20 % higher symbol rate (325 ksymbols/s) and 16-ary modulation (4 bits/symbol), resulting in 264 "encrypted bits". 


Figure 6: Proposed burst format for MORE with 16-ary modulation and higher symbol rate (non-linear scale)
In the lower line of the boxes, the size of the fields is given in bits. As figure 4 shows, the number of "encrypted bits" in a MORE burst with 16-ary modulation totals 535 which corresponds to an increase by 59 %.

The rotation between the 8‑PSK modulated symbols is 3(/8. For the 16-ary modulation, a rotation of (/4 is proposed. There are 65 transitions between the 66 higher order modulated symbols, resulting in a rotation of 65(/4 which is equivalent to (/4. To minimize the peak amplitude at the transitions between 8‑PSK and higher order modulated symbols, a rotation of 3(/8 between 8‑PSK and higher order modulated symbols is proposed because of 8‑PSK's rotational symmetry. Hence the rotation between the last tail symbol at the beginning of the burst and the first 8‑PSK modulated symbol in the middle of the burst amounts to 3(/8 + (/4 + 3(/8 = (. This happens to be the same as with the 56 transitions of 3(/8 which continuous 3(/8‑8PSK would have had.

8.8a.4.1.2.3 32-ary modulation

For a MORE burst with 32-ary modulation, the lower line of the boxes in figure 5 shows the size of the fields in bits. The number of "encrypted bits" totals 667 which corresponds to an increase by 98 %. Although this increase is not exactly 100 %, it will still allow for doubling the payload of a radio block compared with today's MCS-9 because accommodating four RLC blocks in one radio block results in significant economies of scale for the radio block header. 



Figure 7: Proposed burst format for MORE with 32-ary modulation and higher symbol rate (non-linear scale)
For 32-ary modulation, a rotation of (/4 is proposed as well. Therefore, the same reasoning for the rotation as in section 0 applies. 

Compared with a burst which is completely modulated with 32-ary modulation and higher symbol rate, the loss in terms of encrypted bits per burst is only 2.5 % because

- the training sequence does not carry any payload and need not have higher order modulation,

- USF and stealing bits are placed around the training sequence in 8-PSK modulated bursts, and

- blind detection can be based on the stealing bits and on the tail symbols.

8.8a.4.2 Some Implementation Aspects
8.8a.4.2.1 Blind detection
8-PSK and GMSK modulated bursts need to be distinguished based on the training sequence. However, MORE modulated bursts have the same training sequence as 8-PSK modulated bursts. This means that the training sequence based blind detection will only have to distinguish between GMSK on the one side and 8-PSK or higher order modulation on the other side. Hence the blind detection error rate for GMSK will not suffer from the introduction of 16- and 32-ary modulations, and it should remain robust because this decision needs to be made at any C/I whereas the further decision concerning 8-PSK, 16- or 32-ary modulation will typically need to be taken at rather high C/I.

In the following, it is assumed that MS operating in a mode that supports MORE will not receive legacy EGPRS bursts and hence need not detect if an 8‑PSK burst with legacy symbol rate was received. Nevertheless, a MORE MS supporting 32-ary modulation must be able to distinguish three modulations with 8-PSK midamble. A MORE MS supporting a phase with higher order modulation will receive higher order modulation from MCS-7 onwards. This means that, if the MS operates in a MORE mode that includes higher order modulation, stealing bits indicating MCS‑7 to MCS‑9 can be used to indicate higher order modulation. This will not be any problem for legacy EGPRS MS since the USF will be coded as for MCS‑7 to MCS‑9. 

However, there are only 2 stealing bits per burst. To start equalizing with the correct modulation stetting already after the first burst of the radio block, a more reliable signalling than just 2 bits would be desirable. Moreover, the MS may need to know if the received burst is 16- or 32-ary modulated. To this end, the signalling using the stealing bits is combined with the angle of the tails: Instead of the tail symbols (1,1,1) and (1,1,0) for 8‑PSK (cf. section 0), (0,1,0) is used for 16‑ary and (1,0,0) for 32‑ary modulation. Thus the angle for 16-ary modulation will differ by +112.5° from the phase of the tails at 8-PSK with higher symbol rate, and the angle of the tails' phase for 32-ary modulation will differ by ‑67.5° from that for 8-PSK with higher symbol rate. The tails suffer from unknown intersymbol interference because the blind detection needs to be performed before the equalization. For this reason, the antipodal constellations (0,1,0) and (1,0,0) which maximize the Euclidean distance are proposed for the information if 16- or 32-ary modulation is used. Furthermore, the tails' phase is sensitive to frequency synchronisation errors. The frequency error should be compensated by averaging the phase difference from the expected phase for 8-PSK between both tails. (The phase reference for the burst can be derived from the training sequence.)

The Euclidean distance between the tail symbol sequences for 16-ary modulation and the one for 8-PSK is higher than for the case of 32-ary modulation. Since 32-ary modulation will only be used under good reception conditions, the required distance is lower than the one for 16-ary modulation. 

(An alternative to using the tails for signalling the modulation could be to add more 8-PSK-modulated stealing bits close to the midamble, in particular in the first burst of each radio block.)

8.8a.4.2.2 Output level dynamic operation

The transmit signal during the guard periods around a MORE burst contributes to the intersymbol interference which affects the tail symbols. The current specification allows for up to 3 dB higher output power during the guard period than in the timeslots before and after the guard period Error! Reference source not found.. In the guard periods before and after a MORE burst, a BTS should ramp down and up again to minimise the impact of ISI on the tail symbols rather than make use of the allowed output power.

8.8a.4.2.3 Channel estimation

One way to estimate the channel impulse response (including the transmit pulse shape) is to sample the Rx signal at twice the current symbol rate (i.e. 542 ksamples/s) and to decide if the training sequence is GMSK or 3(/8-8PSK. If it is 3(/8-8PSK, then the channel is estimated at 542 ksamples/s, and the main tap is used for the detection of the tails' phase. For the equalization of the three symbols on each side of the training sequence, in particular the stealing bits, the Rx signal and the channel estimation can be downsampled (decimated) to the current symbol rate, i.e. 271 ksamples/s. For the rest of the burst, the MS can downsample/​interpolate the channel estimation from 542 ksamples/s to 325 ksamples/s, e.g. using polyphase low-pass filters with fixed coefficients which can be calculated in advance.

8.8a.4.2.4 Equalization

During the equalization of MORE bursts, special care is needed at the transitions of the symbol rate because the rotation changes in the case of higher order modulation and because the intersymbol interference needs to be calculated for the non-uniform symbol spacing. The coefficients for the interpolation filters can be calculated in advance.

Legacy EGPRS MS that receive a MORE burst will, because of the training sequence, try to equalize it as 8-PSK and, depending on the stealing bits, try to decode it as MCS-5/MCS-6 or MCS-7 to MCS-9. Under sufficiently good radio conditions, the decoding will succeed for the USF, but not for the block header. Hence the rest of the block will not be used. The same will be true of MS operating in MORE mode that receive a legacy EGPRS burst, except for the possible unsuccessful attempt to even demodulate a 16- or 32-ary modulation for stealing flags indicating MCS-7 and higher.

8.8a.4.2.5 Scheduling of legacy transmissions

If operators would like to multiplex transmissions to legacy EGPRS MS with those to MORE MS, then proper scheduling of the legacy MS has to be ensured such that MS synchronization is maintained. Legacy MS should receive e.g. every 360 ms a radio block which they can equalise in order to maintain synchronisation. It can be assumed that the same will apply to legacy EGPRS mobile stations which share a downlink timeslot with mobile stations supporting MORE on the downlink, and this may even be useful when MORE MS belonging to different phases are multiplexed onto the same timeslot. (This is only a minor restriction since up to 94 % of the radio blocks can use the new modulation.)
[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 [1].

· 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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