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Dual Carrier transmission on Uplink for GERAN Evolution

1 Introduction

Dual carrier transmission on downlink is currently under discussion to be standardised for GERAN to improve the peak data rates in GSM and EDGE networks. Various proposals are under discussion in the uplink and most of them need hardware changes to the existing BTS hardware and might have impacts on the current frequency planning for various operators. Dual carrier on the uplink is one possible way of increasing the uplink data rates. However, the problems with dual carrier in uplink mainly arise from the fact that transmission on two carriers on the uplink which will lead to heating, higher battery consumption problems etc. Hence, it might be necessary for the mobile to transmit with reduced power on two carriers on the uplink to realise this feature. In this contribution, other ways of compensating the loss due to reduced power transmission are highlighted. In particular, the intercarrier interleaving and turbo coding on the uplink are treated as potential candidates for this purpose. 
2 Intercarrier Interleaving
The current coding and interleaving schemes as defined for (E)GPRS are reused for the purpose of simulations in this paper. The output blocks are diagonally interleaved across the two carriers to have additional diversity. Figure 1 shows the diagonal interleaving process used for the purpose of simulations. 
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Figure 1: Inter carrier interleaving modes

3 Simulation results for diagonal intercarrier interleaving

Figure 2 shows the simulation results for intercarrier interleaving without frequency hopping. It can be noted that with intercarrier interleaving, there is a link level gain of around 1dB for the strongly coded MCS like MCS-5, MCS-6 and MCS-7. However, there is slight loss for MCS-8 and for MCS-9 there is a loss of around 1dB. A similar trend can be observed for the MCS schemes with ideal frequency hopping as shown in Figure 3. 
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Figure 2: Receiver sensitivity simulation results for various MCS schemes for TU50 channel without Frequency Hopping
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Figure 3: Receiver sensitivity simulation results for various MCS schemes for TU50 channel with Frequency Hopping
4 Other Issues with intercarrier interleaving
The above concept is likely not applicable as-it-is on the downlink because, downlink is a shared channel and old and new mobiles shall be multiplexed on the same shared channel on the downlink and hence, the header (and in particular the Uplink State Flag (USF)) can not be interleaved across the carriers because of interworking requirements with legacy mobiles. Hence to extend the concept to downlink it might be necessary to leave the header and the USF bits as-they-are now and perhaps interleave only the data. This however is not pursued further as the focus of this paper is only on the uplink. 
For higher MCS schemes, intercarrier interleaving might not give additional benefits for single transmission. However, it should be noted that with incremental redundancy, intercarrier interleaving might give an additional gain even for higher order MCS schemes when compared to normal interleaving. However, this is for further study. 
5 Turbo Coding
Other potential candidate for compensating the coverage loss due to reduced output power of the MS is by using a more robust coding scheme like Turbo coding. The simulations for MCS-5 and MCS-6 using Turbo codes instead of convolution codes show significant gains at the link level [4]. Doubling the input block size is expected to bring further gains as show again in [4]. 
6 Conclusion

Dual carrier on uplink doubles the peak data-rates on the uplink and has many advantages like:

· No impact on the existing network equipment

· No impact on the existing frequency planning

· Further improvements in downlink throughputs are also possible [5]
· Improved flexibility for allocation of radio resources [5]
The disadvantage is that the mobile has to transmit simultaneously on two carriers on the uplink. However, there are possible ways to mitigate this by using higher frequency diversity achieved by dual carrier transmission (using intercarrier interleaving) or by using powerful coding techniques etc. 
It is believed that the problem with heating and battery consumption are only applicable to small mobile devices where as data devices like laptops etc are not limited by either battery consumption or heat dissipation problems and hence there is no coverage loss foreseen for those devices and hence there can be immediate benefits for those devices if dual carrier transmission on the uplink is standardised. 

Advanced processing algorithms like interference cancellation and multiple antenna reception etc are available at the network side. Hence it is believed that reduced power transmission is not a problem on the uplink and hence the coverage loss seen due to an additional backoff used in the mobile will not be too high.
Since there are many advantages with dual carrier transmission on the uplink, it shall be treated as a potential candidate for uplink throughput improvement. It is recommended that these findings are captured into the GERAN evolution Feasibility study. 
7 References
[1] GP-052299, “Feasibility study for evolved GSM/EDGE Radio Access”, GERAN#26.
[2] 3GPP TS 45.002, “Multiplexing and multiple access on the radio path”

[3] 3GPP TS 45.003, “Channel Coding”.
[4] GP-052099, “GERAN Evolution - Proposed text on New Coding Schemes for technical report”, Intel, GERAN #26.
[5] GP-052xxxx, “Improvements for DTM and MBMS using Dual Carrier on the Uplink”, Siemens, GERAN #27
Carrier 1





Carrier 2





Normal Interleaving





B0





B1





B2





B3





B0





B1





B2





B3





Carrier 1





Carrier 2





Diagonal Intercarrier





Interleaving





























































































































[image: image4.bmp][image: image5.bmp]