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Dual carrier in uplink – Extended Frequency Allocation

1 Introduction

One of the suggested solutions for dual carrier in uplink is to use a wideband transmitter [1] and a prerequisite for this solution is that the carrier separation is below 1 MHz. This requirement on maximum carrier separation makes the existing frequency allocation technique insufficient in some networks and therefore has an alternative frequency allocation technique been proposed in [2], Extended Frequency Allocation (EFA). 
A more detailed description of EFA is included in this document together with simulation results to evaluate the impact on the system performance.
2 Description of Extended Frequency Allocation
The purpose with EFA is to make it possible to use Dual Carrier in uplink (with a wideband transmitter) in networks where this is not possible due to i.e. current frequency plan, frequency hopping technique or the current allocation strategy of the PDCHs. 
The difference between EFA and the existing frequency allocation technique is that it will be possible to temporarily allocate a frequency to the uplink without changing frequency on the corresponding downlink. This means that the duplex distance will not be constant within a frequency band when EFA is used.
The frequency for the second carrier is predefined by setting the carrier separation between carrier 1 and carrier 2. This is a parameter that could be the same for the whole network or if needed separate per cell. To minimize the impact on the legacy frequency planning EFA is only applied to the uplink. 
2.1 Impact of EFA on the BTS

EFA shall only be applied to the timeslots that are used by dual carrier in uplink and the duplex distance can therefore be different between the timeslots within a TRX. The impact of changed duplex distance can be implementation dependent and needs to be investigated by each network vendor. In the Ericsson BTS there is no problem to handle the change of duplex distance as the TX and RX part of a TRX can have different frequency lists allocated. When EFA is used the RX part will receive two different frequency allocation lists, one to use in normal mode and one to use in EFA mode. 
In some BTS configurations there are requirements on minimum frequency separation when distributing several frequencies on to the same antenna. This requirement is related to the combiner on the TX side and should therefore not been an issue for EFA. In Figure 1 is a diagram over the different filters that are used in the BTS. 

[image: image1]
Figure 1: Schematic picture of BTS filters

The splitter on the RX side has no problem to handle adjacent frequencies.
2.1.1 Non-frequency hopping
The use of EFA with a fixed frequency has already been described in [2], but in this section is an example with EFA in a network with a frequency reuse of 12 presented. Each cell in Table 1 has two TRXs with a frequency reuse of 12, but when resources are assigned for dual carrier in uplink this reuse distance is decreased for the uplink. The cells with the same letter belong to the same site. Simulations have been performed to evaluate how large impact this decrease in frequency reuse has on the system performance, results from these simulations are shown in section 3. 
Table 2: Frequency allocation for dual carrier in uplink, the frequency separation is set to 400 KHz.
	Cell name:
	A1
	B1
	C1
	D1
	A2
	B2
	C2
	D2
	A3
	B3
	C3
	D3

	Frequency

TRX 1
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Frequency

TRX 2
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	Frequency

Dual Carrier

TRX 2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14


2.1.2 Frequency Hopping
It has already been shown in [2] and [3] that dual carrier in uplink could work in a network using synthesized frequency hopping and legacy frequency allocation. However, as mentioned in [3] it could be needed to decrease the number of frequencies allocated per TRX in order to avoid the “wrap-around” problem. If this reduction in allocated frequencies is not possible in a network an alternative solution could be to use EFA as described in figure 2.

[image: image2]
Figure 2:  How EFA should work when frequency hopping is used.

Both carriers in Figure 2 have the same MAIO but carrier two has an additional frequency offset of 400 kHz. The sign of the additional frequency offset for carrier two is changed when a frequency above the highest allocated frequency is to be used. In this way it is ensured that the dual carrier in uplink MS will not use other operators’ frequency spectrum. 
Baseband hopping:

In figure 3 is the method described in the previous text applied to a baseband frequency hopping cell. The TX part has only one configured frequency at baseband frequency hopping, the different bursts for a connection must therefore be distributed between the different TXs to achieve frequency hopping in the downlink. The RX part of a TRX is only used by the MSs that has been assigned resources on that particular TRX. 

[image: image3]
Figure 3: A block diagram for the BTS and frequency allocation for baseband frequency hopping.
Synthesized frequency hopping:

In Figure 4 EFA is applied to a cell that is configured for synthesized frequency hopping.

[image: image4]
Figure 4: A block diagram for the BTS and frequency allocation for synthesized frequency hopping.
All TXs are configured with the same frequencies and is only separated with a MAIO value. The RX part is the same as for baseband frequency hopping.
2.2 Separation of carriers

Different separation between the carriers can be needed in order to avoid co-channel and adjacent channel interference within a site.  
3 Evaluation of network performance

3.1 Setup
Simulations have been performed to evaluate the system impact from the introduction of dual carrier in uplink with EFA. The following settings have been used:

	Frequency reuse
	12

	Sectors (cells) per site
	3

	Number of TCH frequencies
	36 (7.2 MHz), not including BCCH

	Number of cells simulated
	75 + wrap around

	IRC
	No

	Cell radius
	500 m

	Frequency Hopping
	No

	Rayleigh fading
	Yes

	Coherence Bandwidth
	1 MHz

	Frequency Band
	900 MHz

	Log-normal fading standard deviation
	8 dB

	Log-normal fading correlation distance
	110 m

	Simulation time
	200 s

	Terminal speed
	3 m/s


The service mix was 80% speech users and 20% data users, where data users were one of EDGE, or Dual Carrier EDGE, in two different scenarios. Speech and data users were modeled as:

· Speech users: Normal speech users on 1TS, with DTX on and Power control

· EDGE users: Continuous transmission on 1TS, no Power control and output power 27 dBm
· Dual Carrier EDGE users: Simply by doubling the EDGE load, i.e., in practice twice as many EDGE users. Output power for dual carrier is 2 x 21 dBm.
3.2 Results

The results are presented in the form of a CDF of the uplink C/I distribution for the speech users of each case. C/I is averaged over measurement periods of 480 ms.

[image: image5]
Figure 5: C/I distribution for speech users in a network with a frequency reuse of 12. The dashed line is for dual carrier in uplink with EFA.

From Figure 5 it can be seen that the negative impact of dual carrier in uplink and EFA is very small, and instead an improvement can be seen for almost the whole C/I range. The improvement comes from the reduced output power for dual carrier in uplink and it is the connections that had good quality before that is improved. What it is more important is that the percentage of samples with a C/I below 10 dB has not increased, this indicates that speech quality can be maintained in a network at introduction of dual carrier in uplink with EFA. 
4 Conclusion
It has been shown that the EFA concept can be applied to all type of networks and the first simulation results also indicate that the speech quality can be maintained when used in a non-frequency hopping network. The impact of EFA in a frequency hopping network needs to be evaluated with additional simulations.
It is proposed to capture the findings of this contribution in the feasibility study for GERAN evolution ‎[4].
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