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1 Introduction
In the last RAN2 meetings, E-TFC selection algorithm for DC-HSUPA operations was discussed.  It was agreed at RAN2#66 in San Francisco that when there is a new transmission on one carrier the legacy single-carrier rule would apply, taking into considerations the power used in the other carrier.  

For the case where a new transmission on both carriers is taking place, any alternatives and schemes were discussed however, no agreement has been reached.  The proposed schemes so far can be generally classified in two categories: sequential carrier selection approaches and parallel power allocation approaches.  This contribution analyzes and compares these two general E-TFC selection approaches; open issues related to E-TFC selection are also discussed.

2 E-TFC Selection
The proposed schemes so far can be generally classified in two categories: sequential carrier selection approaches and parallel power allocation approaches.  The sequential carrier selection approaches apply E-TFC selection one carrier at a time, exhausting grant and power sequentially.  The proposed approaches differ in how the first carrier in the sequence gets selected.  The various carrier selections approaches include Greedy filling [3], E-Greedy filling [6], MaxEDPDCH and SG-DPCCH [9].
In contrast to the sequential approaches, the parallel power allocation approaches divide the UE power between the two carriers such that E-TFC selection can be run independently for each carrier.  The parallel power allocation approaches (see [1], [5] and [7]) differ in how the UE power gets allocated to each carrier.  In [7], four different candidates for parallel power allocation approaches are compared.  The various approaches include Fair sharing (P-FS), Proportional to serving grant power (P-SGP), Proportional to serving grant (P-SG), and Proportional based on DPCCH power (P-PDPCCH).
2.1 Performance comparison of sequential vs parallel approaches

The proposed algorithms have been compared so far in terms of throughput performance and power imbalance between the two carriers.  The absolute power difference between two carriers may have an impact to the radio and the issue is being discussed in RAN4.  Another aspect that has been discussed in previous contributions is the traffic imbalance between two carriers which may cause undesirable interference variations at Node Bs.
The parallel power allocation approaches have been shown to provide similar average throughput as the Greedy algorithm but in addition have the potential to help reduce the difference in absolute power between the two carriers in power-limited situations [7].  When comparing the two schemes, there are namely three scenarios in which the UE can operate, grant limited scenario, buffer limited scenario and power-limited scenario.  
Power limited Scenarios

The main benefits of the power allocations schemes and E-TFC selection schemes can be seen mainly in power limited situations.  In power limited situation, the greedy filling algorithm may result in a higher carrier imbalance than the parallel approach.  However, a large carrier imbalance will only be experienced in scenarios where the Node B scheduler is allocating very large grants to both carriers, even though it is aware that the UE is in power limited situation.  
In [7] it is shown that the sequential approach will result in a large carrier imbalance for the power-limited UEs, which the parallel approach does not experience.  We note that since a fixed rate scheduler is used, every UE in the cell would get similar grant regardless of their headroom capacity (i.e. even for the power-limited UEs).  In this situation the sequential approach naturally fills up one carrier with more data than the other.  Given that the UE provides the network with UPH and buffer status information, we believe that the high carrier imbalance and the predicted interference overshoots seen can be alleviated via the use of a scheduler which takes into account the UE headroom.    
Assuming that the Node B properly allocates the grants, due to the fast fading conditions there will be cases where the sequential scheme will result in a slightly higher carrier imbalance.  However this residual carrier imbalance should be low enough since most of this effect will be seen in cell edge condition where the transport blocks allowed to be created based on available power are small enough to begin with. 

Buffer limited scenarios

In a buffer limited situation the parallel scheme can be designed to behave in one of the following ways:

1. It proportionally splits the power according to one of the approaches described, regardless of the buffer situation in the UE, in which case the carrier imbalance experienced in the UE should be comparable to the sequential approach.   

2. The power allocation schemes for the parallel approach also take into consideration the buffer situation.  This however will require additional steps associated to the power allocation and splitting calculation and thus will increase the complexity of the parallel approach even further.  
Grant limited scenarios

In such situations both the sequential and parallel approaches should behave similarly since the limiting factor on both carriers will be the grant.   

2.2 MAC-d flow multiplexing list
When E-TFC selection is performed the UE has to determine the highest priority MAC-d flow.  For a given MAC-d flow, the UE is configured with a HARQ profile and with a MAC-d multiplexing list.   Depending on the highest priority MAC-d flow, a limited amount of data might be available for this MAC-d flow and all MAC-d flows in the allowed multiplexing list.  Therefore, in such scenarios the UE may not be capable of using the entire allocated power or grant on a given carrier.  For the parallel approaches, since the power is pre-allocated for each carrier, this will lead to the UE wasting power in power-limited situations, when it needs it most.  This is not the case for the sequential approaches as the power gets allocated sequentially and such power waste would not occur.  It can be anticipated that this scenario might occur quite frequently especially, since at times the higher priority MAC-d flows may correspond to non-scheduled transmissions which typically contain delay sensitive and low data rate services.  
In addition to the power waste, the potential power balancing benefits claimed by the parallel approaches may be significantly reduced because of the MAC-d flow priority and multiplexing list.  If the UE cannot use all the allocated power for each carrier as described above, the power imbalance still occurs regardless of the pre-allocated power approach.  Thus not only does the parallel approach leads to waste of power in power-limited situations, its claimed benefits may be significantly reduced due to the MAC-d flow multiplexing list.

2.3 Complexity analysis between sequential and parallel E-TFC Selection Steps for Sequential approaches
In addition to performance gains, the complexity associated with both schemes needs to be taken into consideration.   

The complexity of both schemes can initially be analyzed in terms of the steps and calculations the UE has to perform in order to properly allocate the power across the two carriers.  In this section we briefly described the steps that both schemes would need to take in order to complete the E-TFC selection procedure.  

2.3.1 Sequential E-TFC steps
1. Select carrier order based on selection criterion (e.g. absolute DPCCH power)
2. For the first selected carrier:

a. Select the highest priority MAC-d flow for which data is available and determine MAC-d multiplexing list for this TTI;

b. Perform E-TFC restriction to determine state of E-TFC(S).  E-TFC restriction should take into consideration the DPCCH and potentially the HS-DPCCH of the other carrier, making the assumption that no E-DCH transmission is taking place in the other carrier.  The maximum power reduction (MPR) for each E-TFCI can be easily calculated, taking into consideration what is known to be transmitted on the other carrier at this point, i.e.: DPCCH and potentially HS-DPCCH.

c. Carry out E-TFC selection for first carrier using the legacy procedure, taking into account the current Serving Grant of the selected carrier:

3. Second carrier (if power or data is still available):

a. Select the highest priority MAC-d flow for which data is available and determine the HARQ profile and MAC-d multiplexing list;

b. Perform E-TFC restriction also taking into considerations what is being transmitted over the first selected carrier, including the power of E-DPCCH and E-DPDCH used on the other carrier.  The MPR for each E-TFCI is based on this information.

c. Carry out E-TFC selection for second carrier using the legacy procedure
2.3.2 E-TFC Selection Steps for Parallel approaches 
We observe that due to the fact that a single data buffer exists and is shared between the two carriers, the E-TFC selection, except power allocation, cannot be easily carried out in parallel. 
The E-TFC restriction requires the HARQ offset information for the highest priority MAC-d flow in order to determine the state of every E-TFCI.   Since, the highest priority MAC-d flow and all allowed MAC-d flows may have limited data, the highest priority MAC-d flow for the other carrier may not be known, until the E-TFC selection for one carrier is completed.   

There is possibility to perform the procedures in parallel for both carriers (at least the E-TFC restriction)  by assuming that the same highest priority MAC-d flow will be sent over both carriers at all times.  However, this will clearly result in wasted resources when the highest priority MAC-d flow has a limited amount of data.  

An additional complexity with E-TFC restriction occurs due to the fact that the maximum power value used to determine the Normalized Remaining Power Margin is a function of the MPR, which in turn is a function of the number of codes transmitted in this carrier and potentially in the other carrier.  Therefore, in order to have a proper MPR value, the E-TFC selection procedures have to be done sequentially.  
Thus we see the E-TFC selection steps for the parallel approach as follows:

1. Calculate power allocation for both carriers (using one of the proposed approached);
2. Select carrier order to fill up with data (according to some criteria, since the UE will be buffer limited you might only transmit in one carrier only, therefore some sort of carrier selection also has to be performed at this point);
3. For Carrier A:

a. Select the highest priority MAC-d flow for which data is available and determine the HARQ profile and multiplexing list ;

b. Perform E-TFC restriction using the maximum power allowed also taking into consideration the DPCCH and potentially the HS-DPCCH of the other carrier;  the maximum power reduction (MPR) for each E-TFCI only takes into consideration what is known to be transmitted on the other carrier at this point, i.e.: DPCCH and potentially HS-DPCCH.

c. Carry out E-TFC selection for first carrier using the legacy procedure:

4. Carrier B:

a. Select the highest priority MAC-d flow for which data is available;

b. Perform E-TFC restriction using the maximum power allowed also taking into considerations what is being transmitted over the first selected carrier.  Calculate the MPR for each E-TFCI based on this information.

c. Carry out E-TFC selection for second carrier using the legacy procedure:

The main challenge and the difference between the two algorithms are mainly in the power allocation and calculation initial step.  While the sequential approach only performs a carrier selection, the parallel approach requires the UE to first calculate available power and grant and allocate the power accordingly.  In addition to this, a similar carrier selection step similar to the sequential approach also has to be performed.   

Therefore, the parallel approach requires one additional step when compared to the sequential, the power splitting step.  Even though this is only one step the additional complexity associated to it should not be ignored.  

As shown in this document, the sequential scheme offers good system performance with no added complexity and with limited disadvantages when compared to the parallel scheme.  Therefore, as it is proposed to use the sequential approach with greedy filling algorithm for E-TFC selection.  
Proposal: Use sequential approach with the greedy filling algorithm for E-TFC
3 Open issues
In this section we briefly introduce and discuss some remaining open issues related to E-TFC selection.
· Non-scheduled transmissions interaction with E-TFC
RAN1 in LS [12] has indicated to RAN1 than non-scheduled transmission should be mapped to the anchor carrier only.  If RAN2 takes makes that assumption as a formal agreement, the interaction between the non-scheduled transmission and E-TFC selection needs to be studied.  Both sequential and parallel schemes have to be slightly modified in order to accommodate non-schedule transmissions.   For instance, for the sequential algorithm might need to give priority to the primary carrier when non-scheduled data is present and can be transmitted in a given TTI.  
· Minimum E-TFC set

The usage minimum set E-TFC or the set of always supported E-TFCs needs to be discussed (see [11]).
· MAC DTX

The use of MAC DTX and MAC inactivity threshold value for DC-HSUPA has not been discussed or agreed.  The mechanisms used for MAC DTX may have an impact depending on  whether the UE performs E-TFC selection for both carriers simultaneously, if same MAC DTX, or one carrier at a time if MAC DTX is different. 

4 Conclusion

Based on the analysis provided in this contribution we propose the following:
Proposal: Use sequential approach with the greedy filling algorithm for E-TFC selection 
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