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1          Introduction

In RAN#46, the 4C-HSDPA WI was approved [1] that enables a UE to receive up to 4 simultaneous HS-DSCH channels, potentially quadrupling its throughput compared to that of a single carrier HSDPA UE.  Apart from the increase in throughput, 4C-HSDPA brings other advantages such as the use of additional carriers to perform inter-frequency measurements without compressed mode [2], and load balancing [3] & [4].  This document explores another possible benefit to further enhance 4C-HSDPA operation.
2          Discussion
In 4C-HSDPA, the packet from each carrier is independently decoded and hence the downlink cell coverage of 4C-HSDPA is similar to that in a single carrier.  There may be significant differences in coverage between the carriers in different bands. For example, a carrier in a band above 2GHz will have significantly worse coverage than a carrier in a band below 1 GHz. 

The only methods for increasing coverage are increasing the NB transmit power and/or using of higher order transmit diversity.  These methods require expensive hardware improvements and increase in NB transmit power may not be feasible due to national regulatory requirements.  Apart from hardware improvements, the transport block size can be reduced but this will degrade the UE cell edge throughput (which is equivalent to reduced coverage).
Since a 4C-HSDPA UE is designed to decode 4 simultaneous carriers, this can be leveraged to improve the cell coverage by utilising carrier diversity.  In carrier diversity, the same signal is transmitted over more than one carrier and they are soft combined at the UE.  An example is shown in Figure 1, where carrier diversity is employed on signal S1 and is transmitted over two carriers, namely F1 and F2.  No carrier diversity is used for signal S2 and S3 and they are sent via carrier F3 and F4 respectively.  The UE will decode the signal from each carrier and will soft combine the signals from F1 and F2 providing a gain for S1 prior to Turbo Decoder.  
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Figure 1: Carrier diversity – soft combining

Carrier diversity can exploit gains from frequency and possibly spatial diversities.  In addition to these, gains can also be obtained from an increase in effective transmit power.  This is because each carrier in 4C-HSDPA can transmit at their maximum output power within that band.  In contrast, depending on national regulatory requirements, the total power over all the transmit diversity branches may be limited to the maximum transmit power allowed in that band.  
An important use case for carrier diversity is dual band operation. The coverage of the upper band coverage can be extended by using 2 carriers in carrier diversity, as shown in Figure 2, while the lower band may achieve the same coverage with only a single carrier, thus equalising the coverage between the two bands and avoiding the need to deactivate the upper band carriers when the UE is at the cell edge of the upper band [5].  
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Figure 2: Extending upper band coverage in a dual band 4C-HSDPA cell via carrier diversity
The combined signal from carrier diversity improves the UE SNR at the cell edge leading to better throughput.  This throughput may be higher than that of the summed throughput from each individual carrier.  Hence, the NB can use the gains from carrier diversity to improve cell edge throughput instead of using it for cell coverage extension. The exploitation of diversity between the carriers would mean that the total throughput increase from this method is greater than could be achieved by reducing the code rate on the two carriers and continuing to use them independently.  
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Figure 3: Parallel HARQ RV transmission using carrier diversity
The HS-DSCH stream in each carrier participating in carrier diversity can use a different HARQ redundancy version (RV) and/or different constellation mapping (if 16 QAM is used).  For example, in Figure 3, carrier diversity is used to send signal S1 over carrier F1 and F2 whilst F3 and F4 operates without carrier diversity.  Here, instead of sending the same signal, S1 to the UE, RV1 and RV2 of signal S1 are sent over F1 and F2 respectively.  Sending different HARQ RVs over carrier diversity can offer higher gain to the UE since the number of retransmissions can be increased without impacting the QoS (i.e. inter-packet delay).  Alternatively, the QoS, particularly the inter-packet delay can be reduced.  For the example in Figure 3, if the QoS allows a maximum of 4 transmissions, all 4 transmissions can be completed in half the time of a single stream transmission since in each time, two HARQ RVs are sent to the UE.

3          Conclusion

In this document, we identify that carrier diversity may bring useful benefits to 4C-HSDPA especially in dual band scenarios when the coverage provided by the carriers in the different bands is significantly different.  Since 4C-HSDPA UEs are already capable of decoding up to 4 simultaneous HS-DSCH streams, there is little additional decoding complexity in supporting carrier diversity. 
 It is therefore proposed that carrier diversity is supported in 4C-HSDPA.
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