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Uplink enhancements for GERAN evolution
1 Introduction

One objective of the GERAN Evolution feasibility study is to increase mean and peak bit rates in uplink. To accommodate this, various enhancements have been proposed. In this contribution, some aspects of two of these proposals, Multi-carrier and Dual Symbol Rate (see [1]) are evaluated.

2 Dual Symbol Rate

Dual Symbol Rate (DSR) doubles the modulation rate and hence the peak bit rate. This is achieved by transmitting a three times wider signal than the ordinary GSM/EDGE 200 kHz carrier. The technique is described in more detail in [1].

2.1 Impact to speech users

One prerequisite of the GERAN evolution feasibility study is that deployment of candidate techniques must not require re-planning of the network frequency plan. Thus, with current frequency planning, DSR must not degrade performance of other services, in particular speech.

The wider frequency spectrum of DSR will spread interference over a larger frequency range an increased interference on neighbouring channels. This is shown in Figure 1 and Table 1. The interference in the adjacent channel is just about 1 dB less than in the centre channel.
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Figure 1. DSR spectrum (copied from [1]).

	Frequency offset [kHz]
	-290 to –110
	-90 to 90
	110 to 290

	Energy distribution DSR [dB]
	-5.05
	-3.91
	-5.05


Table 1. Power distribution over 3 channels (1st lower adjacent channel, co-channel and 1st upper adjacent channel) measured with 180 kHz rectangular filter.

While this will not increase the total amount of emitted interference in the system (assuming that a DSR terminal uses the same transmit power as an EGPRS terminal), the interference will be distributed differently for DSR than for EGPRS. Since network frequency planning is optimised for regular 200 kHz GSM/EDGE carriers, the received interference levels may despite this be different in the two cases.

2.1.1 Simulation results for uplink

In order to investigate this effect, system simulations have been run. A mixed traffic scenario with 80% speech traffic and 20% data traffic was considered, as in [1]. The simulation parameters are summarised in Table 2.

	Parameter
	Value

	Reuse
	1/3

	Traffic mix
	80% speech, 20% data

1) data is EGPRS

2) data is DSR

	Power control
	Yes (for speech)

	DTX
	Yes (for speech)

	Frequency load
	10% and 20%

	Receive diversity
	IRC


Table 2. Summary of system simulation parameters.

The impact on uplink carrier-to-interference ratio (C/I) is shown in Figure 2. The C/I for the speech users is 1-2 dB lower in the DSR case than in the EGPRS case.
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Figure 2. Uplink C/I distributions (left y-axis). Also, the C/I difference is shown for the two cases (right y-axis).

The difference is caused by a blurred reuse in the DSR case. In an ordinary 1/3-reuse (as well as in a 1-reuse with MAIO planning), only adjacent channel interferers appear in the closest surrounding cells. If these are EDGE interferers, most of their energy will be in the adjacent channel and the receiver filter in the BTS will suppress it. In the DSR case however, the adjacent channel interferer will have a large part of its energy in the desired band (of the speech user) and the receiver filter in the BTS will not suppress it. This will almost remove the effect of the frequency reuse planning.

In [1] it is shown that speech performance on link level is degraded when interfered by DSR instead of EGPRS, at a given C/I level. Note that this degradation occurs in addition to the reduction in C/I shown here.

2.1.2 Uplink/downlink balance

In [1] it is argued that a degradation of uplink speech performance is not a problem, since the downlink performance is anyway limiting the overall performance. While this may be true in some scenarios, it is not always the case.

For instance, shadowing from buildings and other obstacles will impact the uplink-downlink balance. The effect of shadow fading is that the received signal strength will vary with the position of the receiver, the transmitters of the desired signal and interferers, and obstacles such as buildings. While the desired signal will be impacted equally in uplink and downlink by shadow fading, the interferers will not, since they do not originate from the same source (uplink interference from terminals, downlink interference from base stations).

One particular, but very relevant, example of this is indoor coverage, as illustrated in Figure 3. The speech user is located in a building and connected to a macro-cell outside the building. Other interfering users are located elsewhere, outside the building. The building will attenuate the desired signal (uplink and downlink) by, say, 10 dB. The downlink interference coming from other base stations outside the building will be attenuated by the same amount. Therefore, the downlink C/I will not be impacted by the building. The uplink interference, on the other hand, coming from terminals outside the building, will not be attenuated. Therefore, the uplink C/I will be reduced by 10 dB. The consequence is that the indoor speech performance will be limited by the uplink, not the downlink.
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Figure 3. Indoor/outdoor interference scenario.

To conclude, the increased interference levels due to DSR interference will degrade speech performance in some scenarios and areas, in particular indoors.

2.2 Spectral efficiency

In [1] the throughput of data traffic is shown to increase with 70-90% with DSR, compared to EGPRS. However, this does not translate into a spectral efficiency increase since the speech performance is degraded at the same time. The reduction of spectral efficiency for speech is yet to be quantified, but even a modest spectral efficiency reduction for speech will have a large impact on overall spectral efficiency, considering that 80% of the traffic is speech in the evaluations.

Further, the reduced C/I levels shown in section 2.1.1 will impact also DSR users, which means that the increase in throughput will be smaller.

3 Dual/multi-carrier

With dual-carrier or multi-carrier in uplink, the frequency reuse blurring described in section 2 does not occur. Interference levels will not increase if the same total power is transmitted on multiple carriers as on a single carrier. E.g., with dual-carrier, the transmitted power per carrier would be 3 dB lower than with single-carrier. A power reduction of 3 dB would reduce the throughput per carrier, but as shown in Figure 4, the throughput reduction is significantly less than 50%. Consequently, a net increase in throughput will be achieved.
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Figure 4. Throughput versus C/I for EGPRS and higher order modulations (copied from [1]).
4 Other aspects

4.1 Legacy equipment

DSR is not compatible with most legacy BTS hardware, while multi-carrier is more or less transparent to the BTS. Further, DSR requires that interference cancellation (IRC) be implemented on all transceivers in the network (not only those transceivers supporting DSR), which is also not possible on some legacy transceivers. Avoidance of hardware impact is a prerequisite for the GERAN evolution feasibility study.

4.2 Dual Transfer Mode

With dual/multi-carrier, speech and data timeslots can be allocated on different carriers. This is an advantage in channel allocation and gives the opportunity to separate speech and data carriers in different channel groups. With DSR, this is not possible. Instead, the speech would either have to be multiplexed together with the data on the DSR carrier (not a viable option), or transmitted on a different timeslot. The latter option requires fast switching between DSR and narrowband transmission/reception.

4.3 Flexibility

Dual/multi-carrier allows a better resource utilisation since the granularity of transmission is better. The number of carriers used for transmission can change dynamically based on the needs.

5 Conclusions

Dual Symbol Rate will have a detrimental effect on speech performance in important scenarios. It does not comply with the objectives of avoiding frequency re-planning and hardware replacement.

Dual/multi-carrier does not have the problems of DSR. Further, it has advantages for DTM and offers greater flexibility in radio resource allocation.

Therefore, dual/multi-carrier is considered to be the better candidate for uplink improvements for GERAN Evolution.

It is proposed to include the findings of this contribution to the GERAN evolution feasibility study [1].
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