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Implementation Aspects of Uplink Dual Carrier
1  Introduction 

Uplink Dual Carrier is an attractive candidate for GERAN evolution. Different approaches have been presented so far. In [1] the approach of a narrowband architecture in the MS based on separate PA’s and separate antennas was proposed. This architecture in the MS was seen as too complex and hence not implementable in the short term. Hence the wideband architecture was favoured for Uplink Dual Carrier in [2] and [3].

This contribution treats aspects with regard to efforts for implementing Uplink Dual Carrier in current GSM/EDGE networks based on the wideband approach.

2  Impact of Uplink Dual Carrier on Current Network Implementations 
In this section the impact of introducing Uplink Dual Carrier on existing frequency planning methods is investigated. A selection of typical frequency planning scenarios is being analysed. In addition the influence of extended frequency allocation method as proposed in [4] on legacy frequency planning is being investigated. Finally based on this analysis the possible impact of fixed carrier separation for Uplink Dual carrier is being outlined.

2.1 Impact of Uplink Dual Carrier on frequency planning for typical frequency deployment scenarios

2.1.1 Free Planning

Free planning means that all available frequencies are assigned to deployed TRXs without band splitting between BCCH and TCH layer. This is depicted in Fig.1. 
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Fig. 1: Free frequency planning (no frequency hopping).
Let’s assume following cell frequency allocation:

Cell is equipped with 3 non-hopping TRX: 

· TRX 1 – BCCH – channel 17

· TRX 2 – TCH – channel 25

· TRX 3 – TCH – channel 29

In this scenario frequency planning can be done in such a way that agreed carrier separation is maintained between deployed TRXs. If carrier separation is to be e.g. 600 kHz (3 carriers) then dual carrier allocation could be supported after frequency reassignment. This means that the frequency on TRX3 could be changed from 29 to 28 to keep the required carrier separation of 3 carriers. This is depicted in Fig.2.
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Fig. 2: Reassignment of frequency for TRX 3 to allow usage of uplink dual carrier.

The frequency reassignment in this cell might have an impact on other cells so frequency re-planning on other cells might be needed. Note, this frequency reassignment is not necessarily required before start of the individual dual carrier session but could be executed during periods with low traffic to establish dual carrier operation for a set of defined cells.

If re-planning of frequencies over network area is acceptable in order to comply with the restriction of a fixed carrier separation for uplink dual carrier, this additional constraint between TRX, either for all deployed or between only some of them, needs to be considered by frequency allocation algorithms as a further input parameter. Hence this additional constraint will likely have an impact on the design of the frequency plan.  

2.1.2 Separate TCH hopping layer (reuse 1/1) and BCCH layer

Option 1:  2 TRX deployed in the cell:  BCCH TRX and one hopping TRX.
For this scenario uplink dual carrier is rather impossible e.g. if BCCH is planned with reuse 4/12 and there is 12/13 (with or w/o guard channel) hopping frequencies, carrier separation cannot be maintained under the assumption that there is a maximum carrier separation of 1 MHz [4]. This is shown in Fig.3.
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Fig. 3: Separate non-hopping BCCH layer and TCH hopping layer.

As pointed out in [4] the alternative could be to deploy a new TRX (non-hopping) and to allocate non-hopping frequency to the cell. If BCCH reuse is already tight then it can be difficult to find “clean” frequency. According to our knowledge some network operators do not apply so “tight” reuses for BCCH and for them there may be a way to identify a second carrier in the cell as given in Fig.4.
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Fig. 4: 
Separate non-hopping BCCH layer and TCH hopping layer with a further non-


hopping TRX using a carrier out of the non-hopping BCCH layer.

Option 2: 3 TRX deployed on cell: BCCH TRX and 2 hopping TRX.
Uplink Dual Carrier could be supported between hopping TRX but only if proper MAIO planning is performed and Mobile Allocation List (MAL) is modified for the second hopping carrier (to avoid “wrap-around” problem existing when MALs are the same for both TRX). This slight modification can however be difficult since frequencies need to be borrowed from e.g. the BCCH band as shown in the following example assuming a fixed carrier separation of 400 kHz for Uplink Dual Carrier.

Cell Frequency Allocation:

BCCH = 15,…,26
Guard = 27
Hopping = 28,…, 39

MAL1 (TRX1)                    28 29 30 31 32 33 34 35 36 37 38 39

MAL2 (TRX2)                    26 27 28 29 30 31 32 33 34 35 36 37 
If BCCH is on carrier frequency 26 then the solution above is not feasible. Else if BCCH is on carrier frequency 25, intra cell adjacent interference is introduced when MAL2 is assigned carrier frequency 26. 

Another solution would be to shorten the MAL, so that frequencies from other band are not borrowed, yielding the following assignment:

MAL1 (TRX1)                              30 31 32 33 34 35 36 37 38 39

MAL2 (TRX2)                              28 29 30 31 32 33 34 35 36 37 
This solution is feasible but on the other hand means that some loss of the frequency hopping diversity can be estimated due to higher EFL, which may lead to a throughput degradation. The impact of this MAL shortage depends on the configuration of both frequency bands and is for further study.

Option 3: Separate layer for PS created. 
This configuration reflects the case, that a network operators has more frequencies available. For low traffic volume the BCCH layer is preferred for PS domain services. However in case of congestion on BCCH layer PS traffic is allocated on a second layer (created from PS band) as shown in Fig. 5.
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Fig. 5: BCCH layer, separate PS band layer and hopping TCH layer.

The second layer could be a hopping layer or a layer with fixed allocation usually implementing a tighter reuse than on the BCCH layer.

If enough frequencies are dedicated for PS band and more than one TRX is present in second layer, uplink dual carrier could be supported within this layer. 

Thereagainst uplink dual carrier using the BCCH layer and the second PS band layer is practically impossible due to carrier spacing higher than 1 MHz.

Instead of second layer operating on different sub-band, the BCCH layer can be extended. In this case , i.e. having more frequencies per BCCH layer,  it would be easier to find a suitable carrier frequency for an additional TRX.

2.1.3  Baseband Frequency Hopping

In this case the number of hopping frequencies is limited to the number of TRX. The TRX frequencies are fixed. BCCH can be included in the hopping sequence.

Option 1: Multiple Reuse Planning (MRP) technique is used. 

Fig.6 shows the cell frequency allocation.
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Fig. 6: MRP for baseband frequency hopping. 

In this scenario the separation between frequencies might be too large to support dual carrier mode, especially when BCCH is included in hopping. Hence it is impossible to support dual carrier in uplink for such scenario. 

As proposed in [4], frequency re-planning is necessary i.e. some TCH groups have to be eliminated so that frequencies from these groups could be used for BCCH allocation and second uplink carrier (non-hopping), while the remainder can be dedicated to hopping. This is depicted in Fig. 7.
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Fig. 7: MRP for baseband frequency hopping enabling Uplink Dual Carrier operation. 

The drawback of this solution is that less hopping frequencies are available and hence interference diversity might be affected.

Option 2: Free planning use – no split between BCCH and TCH frequencies.

In this scenario the carrier separation can be imposed at frequency allocation. But it might be difficult to keep the rule of finding a suitable carrier separation below 1 MHz for all of the cells, and in particular within cells with higher number of carriers. This requires advanced frequency allocation algorithms to be applied, taking the additional constraint into account.

2.1.3.1 Impact of BCCH Inclusion into Hopping Set

If the BCCH carrier is excluded from the hopping set, additional TRX could be deployed to support uplink dual carrier. This is depicted in Fig. 8.
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Fig. 8: BCCH not included in hopping set.
Else if BCCH is included in the hopping set, as shown in Fig. 9 then uplink dual carrier is not feasible. 
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Fig. 9: BCCH included in hopping set.
In fact BCCH can be excluded from hopping set, however one benefit from baseband hopping is that hopping and hence FH gain is applicable also to BCCH TRX. 

On the other side issues related to power control - in particular that the MS has to suppress measurement reports derived from the BCCH carrier in order to avoid the measurements to be falsified by the full power part of the BCCH - become important when BCCH is included in the hopping set. Due to the fact that some terminals may experience problems when BCCH is included in the hopping, it is in question whether this is a commonly used deployment. 

A solution for this scenario in Fig. 9 is the addition of two new non-hopping TRXs per cell with a frequency assignement suitable to support uplink dual carrier. Another option would be to reduce the number of hopping TRXs, and to dedicate free TRXs to support uplink dual carrier without frequency hopping. 
2.2 Impact of Uplink Dual Carrier on Extended Frequency Allocation for typical frequency deployment scenarios

The concept described in [4] is based on dual carrier allocation:

a) between two hopping TRXs

b) between BCCH TRX and hopping TRX
It is investigated hereunder for three typical deployment scenarios.

2.2.1 Separate TCH hopping layer (reuse 1/1) and BCCH layer

In case of synthesized hopping, the carrier frequency can be tuned per TRX on timeslot basis. This means that the carrier frequency on timeslots allocated for dual carrier transmission can be tuned to keep the carrier separation as desired. Depending on the site configuration (number of TRXs per site and consequently MAIO utilization) extended frequency allocation might lead to co-channel uplink interference between co-sectors. It is expected that interference rejection algorithms used on uplink can however mitigate or alleviate this problem. Nevertheless this assumption requires to be proven in system simulations. This is also needed in case of applying Extended Frequency Allocation to networks with baseband hopping (see section 2.2.3).

2.2.2 Free Planning

In this case carriers are permanently assigned to TRX. Hence it is impossible to tune the carrier frequency on such TRX. In these scenarios additional TRX are needed that are used for dual carrier operation (e.g. combined on DL and UL). For these TRX frequency tuning will be required as shown in 2 examples below.

Example1:

Cell frequency allocation: 3 TRX deployed + 1 new

· TRX 1 – BCCH – channel 17

· TRX 2 – TCH – channel 25

· TRX 3 – TCH – channel 45

· New TRX 4 – TCH – channel 28.

Required channel separation is 600 kHz.

Dual carrier transmission is allocated on TRX2 (channel 25) and new TRX4 (channel 28). In this case uplink interference level will be increased due to the fact that other neighboring cells may use channel 28 as a result of fixed allocation.

Example2:

Cell frequency allocation: 3 TRX deployed + 1 new

· TRX 1 – BCCH – channel 17

· TRX 2 – TCH – channel 25

· TRX 3 – TCH – channel 28

Required channel separation is 600 kHz

Now extended frequency allocation is not needed since carrier separation between TRX2 and TRX3 is exactly 600 kHz, and hence uplink dual carrier operation is enabled.

2.2.3 Baseband Hopping
If BCCH is excluded from the hopping set then Extended Frequency Allocation could be used for dual carrier allocation. Else if BCCH is included in the hopping set, then the concept of extended frequency allocation is not feasible. 

2.3  Impact of Carrier Separation for Uplink Dual carrier on Frequency Planning
It is believed that the frequency planning impact for most scenarios does not depend on the carrier separation given that it is below 1 MHz. In most scenarios frequency allocation algorithms must be extended to take this additional requirement into account. Nevertheless a unique frequency separation should be defined for Uplink Dual Carrier.

This will likely be determined by other characteristics, such as minimum spurious emissions due to intermodulation products.

3  Conclusion 

In this paper we have investigated the impact due to implementation of uplink dual carrier based on the wideband architecture with regard to frequency planning for typical deployment scenarios. It is shown that for most of these scenarios a solution can be found to define carrier frequencies with a fixed carrier separation for each cell. In particular extension of existing frequency allocation algorithms with regard to this additional constraint for support of uplink dual carrier is believed to be necessary. Moreover from our study we believe that the network replanning impact for most scenarios does not depend on the carrier separation given that this is below 1 MHz. Nevertheless a unique frequency separation should be defined for Uplink Dual Carrier to limit the additional complexity of the frequency allocation algorithms to the minimum. Hence the carrier separation will likely be determined by other characteristics, such as minimum spurious emissions due to intermodulation products.

It is proposed that the text of this contribution is added to the section on uplink dual carrier in chapter 7 of the Feasibility Study on Future GERAN Evolution.
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