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1. Introduction
In Release 8 of HSPA standardization dual cell HSDPA was introduced to the specifications. In the RAN Plenary meeting #43 [1], it was agreed to investigate also the possibility of dual carrier HSUPA.  The following objectives were agreed for the dual carrier HSUPA work item [1]:

· The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH

· The carriers belong to the same Node-B and are on adjacent carriers

· Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules
In the uplink the UE is power limited and has to share its transmission power among the two carriers when transmitted simultaneously.  This contribution proposes an effective method to perform E-TFC selection and power allocation for DC-HSUPA.

2.  Discussion

2.1 E-TFC selection for single carrier
The E-TFC selection procedure is used to determine the data rate and to provide appropriate power to the transmitted channels.   For single carrier operation the E-TFC selection consists of the following:

· The UE performs E-TFC restriction, which according to the NRPM determines a set of supported E-TFCs.  
· The UE determines the total number of bits on all non-scheduled grants applicable for transmission in a given TTI
· The UE determines maximum number of scheduled bits based on the Serving Grant.  The Serving Grant update function provides the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to use.  
· Among the supported E-TFCs, the UE selects the smallest E-TFC that maximises the transmission of data according to the non-scheduled grant(s) and/or the serving grant 
2.2 E-TFC selection for dual carrier 

For dual carrier operation, assuming that the serving grants are independent, the UE should determine the maximum number of scheduled bits for each carrier based on the respective Serving Grants.    This will represent the upper limit on uplink interference the UE is not allowed to exceed in each carrier provided that the UE has enough power.  In addition, the UE has to determine the supported E-TFCs or the maximum supported number of bits based on remaining power margin.  Due to the fact that power is shared between both carriers the E-TFC selection procedure has to be responsible for choosing the carrier on which to transmit and for allocating the power accordingly.   

Several proposals have been presented on how the UE should select E-TFCs and allocate the power between the carriers, including:

· Greedy filling algorithm – the UE first fills up the carrier with the lower transmit pilot power, up to the limit of either the grant of UE max power and the remaining power goes to the other carrier. 

· The carrier with larger SG will get more power, then E-TFC is done individually per carriers as legacy procedure
Both of the proposals have their advantages and disadvantages, which will be discussed in further detail in the following.  

The greedy algorithm has the advantage that the carrier with largest headroom and best interference level is initially chosen.  This guarantees the lowest energy per bit but the approach does not take into consideration the serving grant.    The other approach, which consists of choosing the carrier with the largest serving grant first, has the advantage of maximizing data transmission in a non power limited situation; this approach, however, does not take into considerations the UE headroom.
While these two approaches optimize E-DCH transmissions in some scenarios they could result in inefficient transmission is some others.  In this contribution we will briefly analyze certain scenarios in which the two possible designs could result in an inefficient E-DCH transmission.

Figure 1 shows an example of the DPCCH power levels and the power offsets allowed by the serving grants in carrier 1 and carrier 2 respectively, in an unbalanced loading and grant scenario.  As seen from Figure 1, carrier 1 is grant limited while carrier 2 is power limited. 

With the greedy algorithm, the UE will initially choose to fill up carrier 1.  Since carrier 1 is grant limited, the UE will be able to transmit up to SG1, and then fill up carrier 2 up to the remaining maximum power.  The maximum allowed power may be reduced up to the maximum power reduction (MPR) level resulting from transmission of additional channels and from dual carrier transmission.  Figure 2 a) shows the resulting total shared transmitted power over both carriers when the power is allocated according to the greedy filling algorithm.  

Figure 2 b) shows the total transmitted power if the power is initially allocated to carrier 2 instead of carrier 1.  As it can be observed, this results in E-DCH transmission over one carrier only, since the UE runs out of power first before running out of grant.   In this scenario an optimal E-TFC selection algorithm should have allocated the power to carrier 2 first, which would results in the following:

· Only one E-DPCCH is transmitted, thus saving on control channel (L1) overhead;

· Only one MAC-i PDU is transmitted, thus a reduction in header (L2) overhead;

· Data is transmitted in one carrier, potentially resulting in a smaller value of maximum power reduction when compared to the maximum power reduction value if the UE would transmit E-DCH over two carriers.

Overall, these benefits results in reduced overhead and maximized data rate.  Note that the same conclusion would be reached if the serving grant for carrier 2 would exactly reach the maximum UE transmission power.
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The power allocation algorithm based on the highest serving grant would achieve the above mentioned benefits, but only for the scenario shown in Figure 1.  Indeed, in other scenarios where the UE is power limited on both carriers rather than grant limited, it is more optimal in terms of overhead to choose the carrier with lower DPCCH power.   Given that both of the above mentioned algorithms have their disadvantages is some scenarios, it would be beneficial that the E-TFC selection algorithm is designed such that an optimization of the power allocation scheme is achieved in most, if not all cases.

In order to optimize E-TFC selection, while keeping complexity at a minimal level, it is proposed that the E-TFC selection fills up first the carrier that maximizes data rates based on the combination of remaining power and available grant.   For instance, assuming that all the power is available for each carrier individually the UE determines on each carrier the maximum data/power it can transmit limited by both grant and power.  The UE then initially allocates all power up to allowed serving grant to the carrier that allows the largest amount of data transmission.  If any power remains the UE fills up the other carrier.

Proposal 1:
E-TFC selection procedure should optimize power allocation taking into account L1/L2 overhead, maximum power reduction, and should consider balanced and unbalanced grant scenarios.
Proposal 2: 
The above procedure should be considered as a candidate for E-TFC selection.
3
Conclusions

This contribution addressed the E-TFC selection for DC-HSUPA operations.  The carrier selection is addressed and the following approach is proposed:

Proposal 1:
E-TFC selection procedure should optimize power allocation taking into account L1/L2 overhead, maximum power reduction, and should consider balanced and unbalanced grant scenarios.
Proposal 2: 
The above procedure should be considered as a candidate for E-TFC selection.
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