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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, no agreement was reached.  Many alternatives were discussed (see [1]) however, namely:
· Parallel scheme

· Greedy filling algorithm

· Enhancement on top of greedy filling (E-Greedy)

· Transmit power based scheme

· Scheduled transmit data power based scheme

This contribution summarizes and compares the main E-TFC selection algorithms alternatives; open issues related to E-TFC selection are also discussed.
2 Summary of current proposals
The proposed schemes so far can be generally classified in two categories: sequential carrier selection approaches (Greedy and E-Greedy) and parallel power allocation approaches (Parallel, Transmit power based and Scheduled transmit data power based).
Sequential 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:

· Greedy filling: selects the carrier with the least DPCCH power first [3].

· E-Greedy filling: selects the carrier maximizing the data rate based on a combination of remaining power and available grant [6] first.
Parallel power allocation approaches
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:
· Fair sharing (P-FS): total UE power is shared equally amongst the two carriers ([1]).
· Proportional to serving grant power (P-SGP): the power allocated to each carrier is proportional to the ratio of power required to transmit the full grant on each carrier ([7], [5]).
· Proportional to serving grant (P-SG): the power allocated to each carrier is proportional to the ratio of serving grant for each carrier ([7]).
· Proportional based on DPCCH power (P-PDPCCH): the proportion of power allocated to each carrier is inversely proportional to the associated DPCCH power ([5]).

3 Discussion
3.1 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 NodeBs.
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].  In more details, the following can be observed:  
Grant-limited scenarios: the sequential and parallel approaches should in general behave the same and offer similar performance both in terms of throughput, power and traffic imbalance.  An intelligent network should attempt to maintain UE in grant-limited situation most of the time.
Buffer-limited scenarios: the sequential approaches may typically introduce power and traffic imbalance in a buffer-limited scenario.  For the parallel approaches, the amount of power and traffic imbalance would depend on how the data at the buffer is split between the two carriers.  Since the UE can only multiplex data from MAC-d flows whose multiplexing list allow them to be transmitted in the same transport block however, some residual imbalance may occur even for the parallel approaches.
Power-limited scenarios: in the sequential approaches, a larger portion of the remaining power would be used in the first carrier selected, thus causing imbalance.  We observe that the traffic imbalance could be reduced for any algorithm, if the scheduler ensures that the aggregate grant over the two carriers is smaller than the UE total power headroom.  The power imbalance can also be reduced up to a certain point in slowly varying channel conditions with a smart scheduler.
3.1.1 Sequential approaches: Greedy filling vs E-Greedy filling

It was observed in [6] that in some cases the Greedy filling approach may lead to inefficiencies because the carrier selection is carried out irrespective of the serving grants.  More specifically under power-limited conditions, the Greedy filling approach might select a carrier first that has lower grant, resulting in some residual remaining power such that some data is transmitted on the second carrier.  This may lead to additional control channel overhead when compared to the case where all the data would be carried over only one carrier.  Provided that this carrier has sufficient grant to reach power-limitation, the overhead associated to the transmission of a second E-DPCCH can be avoided.  The E-Greedy filling approach attempts to reduce this overhead to improve the efficiency of the Greedy filling approach in these cases.
For the E-Greedy filling approach to provide a throughput gain over the Greedy approach in this case requires that the grant difference be sufficiently large between the two carriers and that the overhead associated to sending a second E-DPCCH be large enough to compensate the loss incurred by choosing a carrier requiring larger energy per bit.  A thorough analysis however shows that typical E-DPCCH overhead alone may not be sufficiently large to justify such an approach.
Figure 1  shows the aggregate throughput obtained when using the Greedy and E-Greedy algorithms (see the appendix for the simulation assumptions).  In this simulation, the E-Greedy approach selects as first carrier the one with the largest maximum available payload for data considering both the serving grant and DPCCH power.  As it can be observed, the difference between the two approaches is almost negligible, and the Greedy filling provides better throughput on average at cell-edge conditions due to the reason mentioned above.
We finally note as mentioned in [3] that the Greedy filling algorithm attempts to approximate the water-filling algorithm by filling the carrier with the best radio conditions first.  This is in contrast to most parallel approaches which do not take channel conditions in considerations.
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Figure 1: Greedy vs E-Greedy Throughput
3.1.2 Parallel schemes comparison

According to the results shown in [7], the parallel schemes provide similar average throughput results but differ in terms of imbalance when in power-limited situations.  It was noted in [7] that the P-FS and P-PDPCCH approaches may undesirably not allow the UE to use its entire transmission power in some power-limited scenarios.  For instance, the P-FS approach has the advantage of evenly balancing the power across carriers.  However, the power allocation does not allow the UE to share its total power between the two carriers (i.e. unused power in one carrier is not redistributed to the other carrier).  This may result in undesirable situations where the UE may be power-limited on one carrier but grant-limited on the other thus wasting power.  When power-limited the power allocation should be ideally be optimized to insure that the power is as much as possible equally allocated while ensuring that all available power/grant is used.

The proposed P-SG results in the smallest power imbalance, but this would probably not be the case if the grant on the two carriers would have large differences.  The P-SGP approach also appears to have good power balancing properties and does take into considerations the variations in channel conditions in assigning power, but it does not try to equalize the power over both carriers and hence shows a larger variation in power difference.
We also note that because of the multiplexing restrictions, in buffer limited situation the actual performance of the parallel schemes would depend on how the bits are allocated to each carrier, even after the power has been allocated.
3.2 Complexity evaluation

In general, the sequential approaches are simple to implement as once the carrier order is determined the conventional E-TFC restriction/selection procedure can be executed with little modifications.  The proposed power allocation mechanisms in the parallel approaches should also be relatively simple to implement.   
However there is additional complexity associated to the parallel schemes that should be outlined. 

Indeed, it should be noted that since a single data buffer is shared between the two carriers, rules for determining how the data will be distributed between the two carriers will need to be devised for the parallel approach.  Also, the proposed power allocation schemes for the parallel approaches should take into considerations the minimum E-TFC when calculating the proportion of power to each carrier.
4 Conclusion

This contribution discussed and analyzed the proposed E-TFC selection mechanisms.  Based on the discussion we conclude that the Greedy filling algorithm would be an appropriate choice for E-TFC selection.

· The Greedy filling algorithm has good performance and low complexity.  Further, the imbalance concerns can be addressed through scheduling grants.  

· The parallel schemes require introducing additional rules and complexity to determine how to distribute the data to each carrier and (possibly) for handling the minimum E-TFC.  In addition the current approaches for determining the power allocation should be optimized such that power is as much as possible equally allocated while ensuring that all available power/grant is used.
Proposal: Agree to perform E-TFC selection for DC-HSUPA using the Greedy filling approach.
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6 Appendix: simulation assumptions

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1732m

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz (Adjacent Carriers)

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	PA3, Fading across carriers is independent for non adjacent carriers.

	Antenna pattern
	 3GPP antenna:                                                     
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	Channel Model
	PA3

Fading model for adjacent carriers: Fading across carriers is completely uncorrelated.

	Penetration loss
	10 dB

	Maximum UE EIRP
	24 dBm

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 4 dB

	Thermal noise density
	-174 dBm/Hz

	Serving cell
	The serving cells on both carriers belong to the same sector. 

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	One UE in the entire system

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic

	Uplink HARQ
	2ms TTI, Max # of transmission =4

	Scheduling Type
	Fixed rate
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