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Modified Concept for Dual Carrier in the Uplink 

1  Introduction 

It has been stated [1] that additional TX filtering is required in the TX paths of the mobile station to counteract the generation of 3rd order intermodulation products, falling into the RX band. This filter is estimated to have at least a 37 dB RX band rejection, which is judged difficult for a small MS. In this contribution we investigate solutions to mitigate this implementation issue.

2  Modified Concept 

In order to avoid such interference injection into RX band of the mobile station, the dual carrier in UL concept is modified below. 

In fact most relevant are 3rd order intermodulation products of the form 2*f1 – f2 and 2*f2 – f1 as well as 5th order intermodulation products of the form 3*f1 – 2*f2 and 3*f2 – 2*f1 . These are generated assuming that the signal is sent on carrier frequency f1 to antenna 1 and on carrier frequency f2 to antenna 2 and that reverse intermodulation due to insufficient antenna isolation occurs. In [1] it was stated that in order to prevent that 3rd order intermodulation products causing spurious emissions fall into the RX band, the transmitter needs to implement additional TX filtering providing a further insertion loss of 2-4 dB. Hence if additional TX filtering in the MS shall be avoided, it must be ensured, that these 3rd order intermodulation products lie outside the RX band. This is illustrated in Fig.1 for two different scenarios.
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Figure 1:  3rd order and 5th order intermodulation products for uplink carrier frequencies f1 and f2 for different frequency spans f.
Assuming that f2 = f1 + f with f > 0, then 3rd order intermodulation products are generated at 

· fa,3 = f1 - f  and 

· fb,3 = f2 + f
as well as 5th order intermodulation products are generated at 

· fa,5 = f1 – 2*f  and 

· fb,5 = f2 + 2*f .
In the following it is assumed that 3rd order intermodulation products are dominating and that it is sufficient to avoid that these fall into the RX band. This assumption needs to be proven by measurements (see section 3).

The receive band of the mobile is always at higher frequencies than the transmit band, hence the 3rd order intermodulation product at fb,3 is of interest here. 

If the condition is satisfied that 

fb,3 < fDL,min 
i.e     f < fDL,min – f2   ,

with f2 being the highest carrier frequency in an assigned mobile allocation, then no 3rd order intermodulation product is generated in the receive band and consequently no additional TX filtering in the mobile station is required.

This means that the frequency span f of the mobile allocation is dependent on the lower band edge of the corresponding downlink and the highest frequency in the mobile allocation. Thus it cannot surmount the guard band D in case the highest carrier frequency fUL,max is part of the mobile allocation. Else if the highest carrier frequency is lower it can surmount D. 

Two implementation options are considered here: 

1. In order to decrease complexity the allowable frequency span f of the mobile allocation may be fixed per GSM band and is defined to be equivalent to the guard band D. 

2. The allowable frequency span f of the mobile allocation is 20 MHz where possible. This means, if the highest frequency in mobile allocation is lower than fDL,min – 20 MHz, a frequency span up to 20 MHz can be chosen, else the frequency span is equivalent to the guard band D.
Table 1 provides an overview of the guard band D and the allowable frequency span f of the mobile allocation for option 1 and option 2 for various (not all) GSM bands. Note that the given figures are valid for geographical regions where this band is allowed for operation, not related to individual systems. For instance in the 900 MHz band the requirement for a system using P-GSM frequencies in an E-GSM environment are given under E-GSM here. 

	GSM band
	450
	480
	710
	750
	850
	P-GSM 900
	E-GSM

900
	R-GSM

900
	DCS

1800
	PCS 1900

	D [MHz]
	2.8
	2.8
	12.0 
	15.0 
	20.0 
	20.0 
	10.0 
	6.0 
	20.0 
	20.0 

	Option 1:

f [MHz]
	2.8
- K
	2.8 – K
	12.0 
- K
	15.0 – K
	20.0 - K
	20.0 – K
	10.0 - K
	6.0 - K
	20.0 - K
	20.0 -K

	Option 2:

f [MHz]
	2.8 - K
	2.8 - K
	12.0 - K
	15.0 - K
	20.0 - K
	20.0 –
K
	10.0 - K or 

20.0 - K 
	6.0 – K or

20.0 - K
	20.0 - K
	20.0 - K


Tab.1: Guard band D and allowable frequency span f for mobile allocations for various GSM bands for option 1 and option 2. K identifies a reduction factor.
Thus for the main bands GSM 850, P-GSM 900, E-GSM 900, R-GSM 900, DCS 1800 and PCS 1900 allowable frequency spans of 20.0 MHz are possible. Note that a reduction factor K is added to avoid that a 3rd order intermodulation product just falls onto the lowest downlink channel. It is assumed that this factor is FFS and is equal for all GSM bands. 

The reduced frequency span of the mobile allocation is not seen as a major performance restriction for operation of dual carrier in the UL. Only in case of E-GSM 900 and R-GSM 900 a reduction of the frequency span of mobile allocations close to the upper band edge is expected, as well as in general for GSM 450, GSM 480, GSM 710 and GSM 750.  
3  Conclusion 

In this paper we have presented a modified approach for the usage of dual carrier in the UL. The concept is based on the definition of a reduced frequency span for the mobile allocation in order to avoid the generation of intermodulation products falling into the RX band. Assuming that it is sufficient to avoid that 3rd order intermodulation products fall into the RX band it can be established that for the main bands GSM 850, P-GSM 900, E-GSM 900, R-GSM 900, DCS 1800 and PCS 1900 allowable frequency spans up to 20.0 MHz are possible. This is not seen as a major performance restriction compared with existing frequency spans for frequency hopping. Only in case of E-GSM 900 and R-GSM 900 a reduction of the frequency span of mobile allocations close to the upper band edge is expected, as well as in general for GSM 450, GSM 480, GSM 710 and GSM 750 in case of allocation of a dual carrier in uplink.  

Measurements related to the most relevant impact from 3rd order and 5th order intermodulation products due to dual carrier implementation are still ongoing. We expect that these impacts can be clarified until GERAN#29. 

It is proposed that some text of this contribution is added to chapter 7 of the GERAN Evolution Feasibility Study [2].
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Scenario 2: 
both higher 3rd and 5th order intermodulation product at fb,3 and at fb,5 fall into RX band


Scenario 1: 
only higher 5th order intermodulation product at fb,5 falls into RX band
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