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Uplink enhancements for GERAN Evolution
1 Introduction

Several possibilities to improve the uplink transmission have been discussed. Uplink dual carrier is aimed at improving the peak data rate, DSR/MDSR give considerable improvement in peak data rate and mean data rate at the cell edge, whilst 16-QAM with Turbo codes and timeslot aggregation are mainly aimed at improving the spectrum efficiency.

In the uplink, spectrum efficiency is not the bottleneck, because

· uplink traffic is still rather lower in terms of volume than downlink traffic and

· almost all base stations have two Rx antennas whereas MS with two Rx antennas are expected to remain a minority.

Hence there would not be much benefit from just improving the spectrum efficiency in the uplink as downlink is still the bottleneck in terms of spectrum efficiency. 

With downlink dual carrier, the number of effective timeslots in the downlink can be more than double; up to 12 downlink timeslots seem feasible. Hence, if symmetrical services are of interest, then an increase in uplink data rate will be beneficial.

Uplink dual carrier achieves the goal of doubling the peak data-rates in the uplink. However, uplink dual carrier seems to have either an impact on the frequency planning or considerable mobile station implementation complexity. 
DSR/MDSR which has promising gains in the uplink seem unfeasible mainly because of impact to the legacy networks due to additional interference generated because of the broader spectrum. Timeslot aggregation seems to have an impact on the equaliser performance at higher velocities and achievable gains are expected to be compromised.
If no adverse side effects are allowed and if terminal complexity must not increase substantially, the original objective of doubling the peak data rate in the uplink may not be achievable. On the other hand, an increase of 38% peak throughput (possible from 16-QAM) on the uplink will not be substantial and the higher uplink speed e.g. during a web session may be hard to perceive. 

Hence, Siemens believe that a further gain in peak throughput at the link level is needed in order to balance the uplink and downlink and pave way for symmetric services to be deployed on the new air-interface. Hence, peak throughput enhancement on the uplink shall be of priority rather than improving the spectral efficiency.  
2 HOMTC

The link level throughput improvement which can be expected from HOMTC is rather modest. This can be derived from section 8.4.3.7.2 of [1], Figure 141, when comparing the curves of set 3 and set 5. Based on the C/I distributions assumed in section 8.4.1.4 of [1], samples are taken at C/I = 15 dB, 20 dB and 25 dB since this covers the most typical range.

Table 1 shows that for interference limited conditions, only a gain of about 25 % can be expected. Under coverage limited conditions, the throughput gain would even be lower because the PAR of 16-QAM is 2 dB higher than that of 8-PSK, resulting in a 2 dB lower maximum output power of the MS. Since throughput curves for coverage limited conditions have not been provided yet, the corresponding gain was roughly estimated by decreasing the C/I for HOMTC by 2 dB to reflect the higher back-off. In the same range of the curve, the average throughput increase would only amount to 12 %.

Table 1: Throughput gains with 16-QAM and Turbo codes

	C/I
	Set3 
(EDGE)
	Set5 (HOMTC)
	Set5 with 2 dB back-off
	gain, interference limited
	estimated gain, coverage limited

	15 dB
	33 kbit/s
	40 kbit/s
	35 kbit/s
	21 %
	6 %

	20 dB
	42 kbit/s
	52 kbit/s
	47 kbit/s
	24 %
	12 %

	25 dB
	52 kbit/s
	66 kbit/s
	61 kbit/s
	27 %
	17 %


With 16-QAM, the peak throughput can be increased by 38%, but this can only be achieved at a very high C/I (~35 to 40 dB) as shown in Figure 141 of [1]. Siemens believes that further improvement in the uplink throughput should be considered in order to keep-up with the peak data rate improvement in the downlink (due to dual carrier). 

The peak throughput in the uplink could be further improved for instance by using modulations higher than 16-QAM. Since 32-QAM has a peak to average ratio which is very similar to 16-QAM as seen from Section 3, it is believed that increasing the modulation alphabet to 32-QAM could be one option to further improve the uplink data-rate with low impact on the MS. Another possibility is to increase the symbol rate slightly to further improve the peak data-rate on the uplink. These options are further discussed in this contribution.
3 32-QAM

It was shown in the GERAN Evolution feasibility study that peak data-rates up to 81.6 Kbps are possible with 16-QAM. However, these are achieved at very high C/Is and might not materialize in practice. The alternative of using modulation and coding schemes with 32-QAM should be further considered to further improve the peak throughputs. It is conceivable that up to 100 Kbps peak data-rate per timeslot is possible by using modulation and coding schemes with 32-QAM. New modulation coding schemes are studied for 16 and 32-QAM with Turbo codes in an AWGN channel to assess the gains that could be achieved. 

For 32 QAM the constellation shown in Figure 1 is used. Linearised GMSK pulse shaping is used for the modulator. 
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Figure 1: 32-QAM Constellation
The peak to average ratio for the 32-QAM is compared with that of 16-QAM in Figure 2. It can be seen that the difference between 32-QAM and rectangular 16-QAM (with π/4 rotation) is negligible while the circular 16-QAM (the (8,8) constellation as defined in [4]) seems to have around 1dB less PAR.
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Figure 2: Comparison of PAR for 16 and 32-QAM

The MCSs shown in Table 2 are used for the simulations. All the coding schemes are simulated with and without Turbo codes. For convolutional coding the polynomials used for EGPRS are used and for Turbo coding, the coding and the rate-matching algorithms defined for UTRAN are used. 7 iterations are simulated for the Turbo codes. 
Table 2: MCSs simulated

	MCS
	Modulation
	User data rate [kbps]
	Interleaving depth

	MTCS-7
	16-QAM
	44.8
	4

	MTCS-8
	16-QAM
	54.4
	4

	MTCS-9
	16-QAM
	59.2
	4

	MTCS-10
	16-QAM
	67.2
	4

	MTCS-11
	16-QAM
	81.6
	4

	MTCS-12
	32-QAM
	67.2
	4

	MTCS-13
	32-QAM
	81.6
	4

	MTCS-14
	32-QAM
	88.8
	4

	MTCS-15
	32-QAM
	100
	4


3.1 Simulation results

Figure 3 shows the throughput with the defined MCSs. The simulated performance was in the static channel without incremental redundancy. 
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Figure 3: Throughput with higher order modulation and coding schemes

It can be seen that Turbo codes give gains over a wide range of  Eb/N0 and 32-QAM provides substantial improvement in the peak and mean data-rates. It can also be observed that a throughput increase by 50% with respect to the 59.2 kbps achievable with MCS-9 could be reached with 32-QAM at an even lower Eb/N0 (around 16 dB) than an increase by just 33% with 16 QAM (around 17 dB)!
4 Higher symbol rate
Alternative pulse shapings were studied for GERAN Evolution and in section 8.4.3.8.1.2 of [1] it was shown that the BLER depends surprisingly little on the bandwidth of the RRC pulse. Reducing the bandwidth to 80 kHz – that is only 60 % of the ideal bandwidth of 135 kHz – seems to give only insignificant degradation. These simulation results mean that today's symbol rate can be combined with pulses whose spectrum is significantly smaller than the present spectrum mask, or, the other way round, today's bandwidth could accommodate a higher symbol rate! Hence, Siemens believes that a moderate increase of the symbol rate, e.g. by the factor of 4/3 (as already considered during EDGE Feasibility study [2]) is worth investigation, however, the transmit pulse has to be optimised in such a way that its bandwidth is similar to today's spectrum mask. 

The slightly smaller bandwidth will be the main difference to MDSR, and because of the slightly lower symbol rate than with MDSR, the peak data rate will not double. Furthermore, some forward error correction will be useful even at high C/I because the partial response signalling is expected to cause an error floor. Nevertheless, since the coded bit rate would be approximately 80 % higher than with MCS-9, a substantially higher throughput than with HOMTC can be expected. 
5 Conclusions

Downlink dual carrier can easily increase the effective number of downlink slots to 10, and even 12 effective downlink slots are possible. A work item targeting at physical layer improvements in the uplink need not provide higher spectrum efficiency, but it should increase the average link level throughput by at least 50 % to keep up with the downlink improvements. With only ~25 % gain in interference limited conditions and around 12 % in coverage limited conditions, the present HOMTC proposal clearly fails to provide an adequate improvement.

Since consensus about uplink dual carrier as a throughput enhancement method could not be reached yet, it is suggested to consider promising enhancements to HOMTC such as 32-QAM and higher symbol rate with the objective to make HOMTC, which originally was proposed as a method to improve the spectrum efficiency, much more suitable for the purpose of increasing the link level throughput in the uplink. 
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