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GERAN Evolution – Dual Carrier Uplink Implementation Aspects
1 Introduction

For GERAN Evolution to address the needs of increased services and service continuity with other radio access technologies, there must be uplink enhancements for increasing throughput in addition to the downlink enhancements already agreed.  Using two carriers in the uplink serves to increase the data rates while maximizing compatibility with legacy network equipment.  
In [1] a study of the implementation aspects of dual carrier in the uplink was presented.  The analysis was focused on a solution with separate transmitter chains and antennas, which allowed full flexibility in allocating the frequency of each channel.  According to this analysis, the impact on implementation complexity and performance seems to be significant.  Concern about power consumption was explicitly raised.  Architecture changes also meant degradation in legacy voice service performance.  
A modified concept for dual carrier in the uplink was presented in [2].  The objective with the modified concept is to reduce the additional physical layer losses with careful frequency planning.  This paper presents a third implementation option for the uplink, with the dual carrier generation at baseband utilizing a common PA and transmitter antenna.  Some possibilities such as introducing restrictions on the frequency allocation are investigated to improve implementation feasibility.  

2 Concept Description

Possible architectures based on a single TX path are proposed and illustrated in Figures 1 and 2.  These possibilities avoid the drawbacks associated with fully duplicated TX paths.
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Figure 1 - Architecture with separate modulators and common wideband transmitter.

For the architecture in figure 1, the bandpass filter between the combiner and the PA and the RF filter following the PA may or may not be required depending on the implementation.  
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Figure 2 - Architecture with common modulator and wideband transmitter.

For the architecture in figure 2, the two carriers are implemented in the digital baseband domain. This is achieved by expanding the bandwidth of the baseband signal chain by increasing the sampling rate.   
2.1 System Impacts

The uplink “digital” dual carrier proposals only affect part of the baseband and the TX chain. Therefore, impacts to higher layers (RLC/MAC) are very similar to the generic downlink dual carrier architecture and are not addressed in this paper.

2.2 Output Power

The output power generated by the single PA is divided between the two carriers.  Depending on the frequency separation of the two carriers the fading profile of the associated radio channels will be more or less identical.  However the interference profile seen by each of the carriers could vary significantly.    The ability to have separate power control for each carrier is desirable from a frequency planning point of view.  The power control range may be limited, however pseudo-independent power control per carrier should be possible provided the total output power of the PA is not exceeded.   In a situation where the mobile is using a single carrier downlink and dual carrier uplink, this presents challenges with uplink power control implementation.  Issues related to these topics are for future study.  
2.3 Power Efficiency
The peak to average power ratio (PAR) of a single 8-PSK carrier is approximately 3.2 dB. Adding a second carrier increases the PAR to approximately 6.2 dB. Therefore, in digital dual carrier mode with a single PA and two 8-PSK modulated carriers, the power level into the PA would need to be 3 dB lower than in the single 8-PSK carrier case. This increased back-off required to achieve PA linearity can potentially impact power efficiency.  Increased back-off may be needed to meet the power spectrum mask due to modulation.  
To improve power efficiency and increase output power, techniques to reduce PAR should be considered.  This may imply allowing minor deviations from the normal spectrum mask for the unused frequency channel(s) between the two carriers.
The peak to minimum power ratio of two 8 PSK carriers is also increased over the single carrier case.  This leads to PA linearity requirements over an enhanced input signal level range.
Operating the uplink digital dual carrier MS in single-carrier GMSK mode with the PA in saturation, the same power efficiency can be achieved as with current implementations. Stand-by time and talk time for legacy voice services will not be affected.
2.4 Coverage 

The increased back-off to compensate for the higher PAR can potentially impact coverage. Applying the reduction of MS maximum output power specified in [4] to an uplink dual carrier transmission, no significant changes to cell coverage is expected compared to a single-carrier multislot transmission with the same total number of time slots assigned.   
The increased service provided by uplink digital dual carrier could be useful, even if the power-limited coverage is not the same as for existing services.  When 8 PSK was initiated, it was clear it could not be used over the entire cell radius.  Recall that the effective cell radius (based on TX power considerations) is often much larger than the actual cell radius (as deployed in the field), and the coverage of a cell is not always RF power limited.  There are significant instances in time/location/frequency where signal and interference conditions permit such an enhancement.    

2.5 Frequency Planning, Frequency Hopping

The carrier spacing for uplink digital dual carrier is assumed to be fixed within each cell. For non-hopping scenarios this does not impose any restrictions other than that both carriers have to be available. 

In the case of frequency hopping, the carrier spacing has to be preserved, i.e., the two carriers have to hop in pairs. Only one of the carriers has an assigned MAIO. For the second carrier no MAIO is used, but it is specified by its frequency offset to the primary carrier (with MAIO).  Frequency planning aspects are covered in more detail in [3].
2.6 Intermodulation Interference 
Restricting the maximum permitted frequency distance between the carriers makes it possible to reuse the technique and experience from WCDMA transmitters.  This may make it possible to reduce the unwanted intermodulation products to acceptable levels, provided that these products fall into the active bandwidth of the error-corrected amplifier.  To achieve sufficient suppression of intermodulation products, up to 5th order products may need to be taken care of.  This implies that the maximum frequency offset between the pair of carriers from the same mobile needs to be no more than 1 MHz.  
IM3 performance may be crucial and modified requirements in the close vicinity of the two carriers may be considered.  A combined spectral mask would be an appropriate way to characterize the intermodulation.  A linear power summation of two spectrum masks offset by the carrier spacing could create this combined spectral mask.  In addition, IM suppression may be sensitive to variation in antenna characteristics due to different user behaviour (e.g. position of hand, distance to head or other obstructions). 

3 Conclusion

It appears to be possible to provide dual carriers in the uplink using a wideband amplifier, if the two carriers are allocated within 1 MHz.  With this concept, single carrier performance remains unaffected (no degradation to legacy voice service talk time, no increased power consumption in idle mode), yet data rate gains are the same as for the generic uplink dual carrier architecture. The benefits of using the maximum 1 MHz carrier separation need to be compared to the impact on implementation requirements.  Limiting the separation to 200-600 kHz would likely simplify the implementation, especially if minor deviations from the normal spectrum mask are allowed for the unused frequency channel(s) between the two carriers.  This deviation could be used for improving the performance (i.e. reducing the PAR).  
The impact of this approach on network performance will be estimated by simulation, and the spectral impact from an MS implementation point of view assuming a linear PA is currently being studied.  
It is proposed to include the content of this document into the feasibility study.
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