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Dual carrier in uplink - frequency planning aspects
1 Introduction

Several documents have been presented that describe the issues and complexity regarding dual carrier in uplink with two separate transmitters. It has therefore been proposed in [1] to use a wideband transmitter in order to simplify the implementation.
The maximum carrier separation for a wideband transmitter is estimated to be 1 MHz. The impact of this limitation on the legacy frequency planning is described in this document. 
2 Legacy Frequency Planning
There exists a number of different frequency planning techniques all depending on numerous parameters as e.g. geographical environment, traffic load, frequency hopping etc. In this report we will focus on two main techniques – Fractional Load Planning (FLP) and Multiple Reuse Planning (MRP).
FLP: A FLP network is planned with two or more frequency groups, one for the non-hopping BCCH and one or several for the hopping TCHs. The BCCH is normally planned with a 4/12 or sparser reuse whiles the hopping TCHs normally is planned with a 1/1 or 1/3 reuse.
The available frequency spectrum can either be divided in blocks between the BCCH and the TCHs or it can be evenly spread between them.

MRP:  The fundamental idea with MRP is to apply different reuse patterns with different degrees of tightness. MRP uses base-band frequency hopping, which means that the number of transceivers in a cell is equal to the number of assigned frequencies. A benefit with MRP is that the BCCH can be included in the hopping sequence. In Figure 1 it is shown how the available frequency spectrum is divided into different frequency groups. The number of frequency groups corresponds to the maximum number of transceivers in a cell. 
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Figure 1: Frequency planning using MRP technique

3 Impact of Wideband transmitter on legacy frequency planning 
The maximum carrier separation in a wideband transmitter is e.g. 1 MHz, due to intermodulation (IM) products and the linearization of the PA. From a system point-of-view there is a requirement on the minimum carrier separation in order to ensure a certain quality level in a cell. The minimum carrier separation is 400 kHz (measured from the center of each carrier), i.e. adjacent frequencies should not be used in the same cell.
One drawback with the limited carrier separation is in the case of inter-carrier interleaving, where a reduced carrier separation will have negative impact on the frequency diversity. 
3.1 FLP-1/1 or 1/3
When considering frequency planning for a wideband transmitter there is no difference between the 1/1-frequency reuse or 1/3. Two different cases have been considered for the FLP network: in the first case both carriers are placed in the same TCH hopping group and in the second case one of the carriers is placed on the BCCH.
3.1.1 Both Carriers in the TCH hopping group

In Figure 2 a blocked configuration is used and each cell has two transceivers in the TCH hopping group. There are two different Mobile Allocation alternatives, and only alternative 2 is applicable for dual carrier in the uplink with a wideband transmitter. 
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Figure 2: Different Mobile Allocation alternatives in a FLP network.
However, also with alternative 2 there will be occasions when the separation between the carriers is too large. For example this will occur when carrier 1 is using ARFCN 12 and carrier 2 is using ARFCN 2 (due to wrap-around). This problem can be avoided if the allocated Hopping Frequency Set (HFS) for one of the two TRXs is slightly modified, see Figure 3.

[image: image3]
Figure 3: Two different HFS are used in a cell to avoid a too large carrier separation for a dual carrier in uplink configuration.
3.1.2 One of the carriers on the BCCH
If the two carriers are separated between the BCCH and the TCH hopping group it will be more or less impossible to fulfill the requirement on the maximum carrier separation. If the requirement is to be fulfilled in this configuration the MS must be able to support a carrier separation that is equal to the total bandwidth of the BCCH and TCH group. In the example in Figure 4 the requirement on the maximum carrier separation is 5 MHz. 

[image: image4]
Figure 4: Maximum carrier separation when the two carriers are placed in different frequency groups.
If one of the carriers shall be configured on the BCCH there is only one alternative left and that is to allocate a new non-hopping frequency to the cell. This will require a re-planning of the BCCH frequencies and will require that the operator has more frequencies than needed today, otherwise the total capacity in the system will be reduced. An example of this configuration is shown in Figure 5.

[image: image5]
Figure 5: An extra frequency group with the same reuse as the BCCH has been added to comply with the requirement on maximum carrier separation.
3.2 MRP
Most MRP networks are including the BCCH frequency in the hopping set, the separation between two carriers in a MRP cell is therefore >> 1 MHz. This makes it impossible to include dual carrier in uplink using a wideband transmitter in a MRP network.
However, if a re-planning of the frequencies is allowed it could be possible to have two non-hopping carriers with the same sparse reuse as the BCCH in a cell. This is the same solution as described at the end of section 3.1.2. An example of this solution for an MRP network is presented in Figure 6, the same frequency spectrum as in Figure 1 is used.
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Figure 6: Strict MRP technique planned for dual carrier in uplink.
4 Extended frequency allocation for Dual Carrier in uplink 

A conclusion from section 3 is that in some networks, it will be rather tricky to implement dual carrier in uplink using a wideband transmitter without any impact to the legacy frequency planning. A solution that removes this obstacle has therefore been investigated in this section.

The idea with the solution is to temporarily assign an uplink frequency for carrier two that is within the maximum carrier separation to carrier one. This temporarily used frequency does not need to be a frequency that is normally allocated in the cell. This solution will work in all kinds of networks and there is no impact on the legacy frequency planning. However, simulations are needed in order to estimate the impact on the system performance. 
Two examples of this solution are shown in Figure 7 and Figure 8. In the first example (Figure 7) both carriers are allocated in a TCH hopping group and in the second example the carriers are divided between the BCCH and the TCH hopping group. 

In Figure 7 it is illustrated how this would work in a FLP network when both carriers are placed in the TCH hopping group.


[image: image7]
Figure 7: Dual carrier in uplink using extended frequency allocation with a carrier separation of 600 kHz.

In Figure 8 is the example where the dual carrier is divided between the BCCH and the TCH hopping group.

[image: image8]
Figure 8: Dual carrier in uplink using extended frequency allocation with a carrier separation of 600 kHz.
5 Conclusion

Deploying dual carrier in uplink, using a wideband transmitter with existing frequency allocation technique, will have an impact on the legacy frequency planning in many networks. 
· In a FLP network dual carrier in uplink could probably be implemented in the TCH hopping group without any major changes. If the BCCH shall be used for one of the carriers another non-hopping frequency group with the same reuse as the BCCH is needed for the second carrier. 

· In a MRP network it is not seen as feasible to deploy dual carrier in uplink using a wide band transmitter without a change of the frequency plan.

However, with the extended frequency allocation it would be possible to deploy dual carrier in uplink with a wideband transmitter without any impact to the legacy frequency planning. The impact on network performance needs to be estimated with simulations.
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