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Impact of the Reduced MS Power on the Performance of Uplink Dual Carrier
1. Introduction

Dual-carrier has been widely agreed as the way of increasing the downlink data rates of GSM/EDGE. For uplink, the main candidates are dual symbol Rate [1] and dual-carrier [2]. 
The major problem of the uplink DC is the increased power consumption, which is a direct consequence of the simultaneous transmission on two uplink carriers. To maintain the same total transmitted power, both transmitters of a dual-carrier terminal need to be backed off by 3 dB. Unfortunately, the backoff decreases the efficiency of the power amplifier, hence increasing the peak current consumption. It has been estimated that the increase in peak current consumption would be approximately 50 % [3]. It has been also estimated that additional isolators and TX filtering may be needed to reduce the intermodulation products. These extra components are estimated to increase the peak power consumption by 250 % [4]. As a consequence, the peak power consumption of an uplink capable dual-carrier mobile could be up to ~5 times higher than the peak power consumption of a downlink-only dual-carrier mobile!
The aim of this study is to evaluate the impact of the additional backoff on the system level performance of uplink dual-carrier.
2. SIMulation setup
2.1 Network 

Two network scenarios are considered: 
· Network 1: Interference-limited
· Network 2: Coverage-limited 
The main parameters of these scenarios are listed in Table 1 below:
Table 1 – Network scenarios
	Parameter
	Interference limited scenario
	Coverage limited scenario

	Site separation
	2.25 km
	12 km

	Bandwidth
	2.4 MHz (BCCH), 2.4 MHz (TCH)
	2.4 MHz (BCCH), 7.2 MHz (TCH)

	Re-use
	4/12 (BCCH), 1/1 (TCH)
	4/12 (BCCH), 3/9 (TCH)

	Number of TRXs
	1 BCCH, 5 hopping
	1 BCCH, 4 hopping

	Load (EFL for single-carrier)
	26 %
	2.3 %


The load for the interference limited case is selected so that the speech outage (proportion of bad quality calls) would be around 5 %. Similarly, the cell radius for the coverage limited case is selected to yield the 5 % speech outage, the network load being low.

Some important network parameters (common to both cases) are listed in Table 2 below:

Table 2 – Common network parameters
	Parameter
	Value

	Frequency band
	900 MHz

	Channel model
	TU3

	Traffic model
	AMR / FTP

	Synchronization
	Synchronized BSS

	MS mobile class
	4+1

	EGPRS penetration
	30 %

	DC penetration
	100 %

	DL power Control
	Disabled

	UL power Control
	Enabled

	MAIO management
	Enabled

	Incremental redundancy
	Enabled

	Frequency hopping
	Random RF hopping

	Propagation parameters
	As in TR 45.903 table 4-2


2.2 Dual-carrier Deployment 

Two dual-carrier deployment scenarios are considered:
· Deployment scenario 1: BCCH / Hopping

· Deployment scenario 2: Hopping / Hopping

In the first case it is assumed that the PS traffic originally resides on the BCCH TRX. When deploying dual-carrier, one hopping TRX is reserved for the dual-carrier traffic. In the second case it is assumed that the PS traffic originally resides on one hopping TRX. When deploying dual-carrier, another hopping TRX is dedicated for the dual-carrier traffic.
In both cases, the size of the PS territory is fixed to two TRXs, i.e. there are no dynamic territory updates. The dual-carrier TRX is taken among the existing hopping TRXs, meaning that the size of the CS territory is decreased by 8 time slots and some additional interference is generated towards the speech calls. This approach was possible in the simulated network, because one TRX could be taken away from the CS layer without significantly increasing the number of blocked calls. In practical network implementations, an additional TRX for dual-carrier may be needed.
2.3 Backoff 

Three different backoff scenarios are considered (powers relative to 33 dBm): 
· Reference: 0 dB backoff for GMSK, 6 dB backoff for 8PSK

· Backoff case 1: 3 dB backoff for GMSK, 6 dB backoff for 8PSK

· Backoff case 2: 3 dB backoff for GMSK, 9 dB backoff for 8PSK

In the first case (backoff case 1), the GMSK power is backed off by 3 dB in order to comply with the nominal power reduction for 2 GMSK time slots (according to 45.005), whereas the 8PSK power remains the same. 
In the second case (backoff case 2), the 8PSK power has also been backed off in order to optimise for power efficiency, size and cost. In this case, it is assumed that the first PA is optimised for a maximum power of 33dBm and the second PA for a maximum power of 30dBm. If efficiency was maintained for the first PA and if no additional losses occurred, the total peak power consumption would remain equal to a single carrier device. However, the peak power consumption of dual-carrier is still considerably higher than the peak power consumption of single carrier, since the first PA cannot be optimised for dual-carrier and there are considerable losses from the extra isolation and TX filtering (as explained in the Introduction). 
3. Results

This section summarizes the results from the dynamic network simulations. The throughput is given as net session throughput per user, which means that only the times when the mobile has had a TBF or it has been in the TBF establishment procedure are included.
3.1 Coverage limited network
The results from the coverage limited simulations (BCCH/hopping deployment scenario) are shown in Figure 1 below. 
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Figure 1 – Dual-carrier UL performance in the coverage limited network 
As can be seen from the results, there is no performance loss due to the GMSK backoff. This is due to the fact that in this scenario only a small fraction of the radio blocks were transmitted with the GMSK modulation. 
In contrast, there is a significant performance loss due to the 8PSK backoff. This degradation is a direct consequence from the 3 dB loss in the link budget for 8PSK modulated blocks. It is important to note that nearly all radio blocks were transmitted at the full power, hence implying that nearly all 8PSK blocks were experiencing a 3 dB performance loss compared to the single carrier transmission. As can be seen from the figure, the effective doubling of the multislot-class is not able to compensate this loss at the cell border, where the dual-carrier does not give any gain over single-carrier. At the cell median, the dual-carrier gives 38 % gain compared to the single-carrier.
The throughput gains are summarized in table Table 3 below:

Table 3 - Throughput gain of the simulated backoff scenarios
	
	Single Carrier
	Dual Carrier

	
	
	Reference
	Case 1
	Case 2

	Cell border (10 percentile)
	10 kbit/s
	+80 %
	+ 80 %
	+ 0%

	Cell median (50 percentile)
	26 kbit/s
	+88 %
	+81 %
	+38 %

	Peak TP (90 percentile)
	55 kbit/s
	+ 96 %
	+ 96 %
	+ 78 %


3.2 Interference limited network

The results from the interference limited simulations (hopping/hopping deployment scenario) are shown in Figure 2 below:
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Figure 2 - Dual-carrier UL performance in the interference limited network 

As can be seen, the impact of the additional backoff is less severe in an interference-limited environment. This is largely due to the fact that the maximum power levels are less frequently used, and because the higher transmit power increases the interference levels, hence mitigating the gain from the lower backoff.
Dual-carrier has a negative impact on the speech capacity, since part of the PS interference is moved to the hopping layer. In the simulated network, the proportion of bad quality speech calls increased from 3.1% to 5.6 % when dual-carrier was deployed.
4. Conclusions
The benefits and drawbacks of the uplink dual-carrier are summarized in the following.
Benefits:

· Simple protocol architecture (symmetric with DL dual-carrier)
· Synergies with DTM and MBMS

Drawbacks:
· Significant increase in the terminal power consumption

· Poor performance in coverage limited networks (assuming an architecture optimised for power efficiency, size and cost)

· No increase in the PS spectral efficiency
· Reduced speech capacity
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