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1 Introduction
This contribution discusses implementation and network operation aspects related to the E-TFC selection algorithm for Dual-Cell HSUPA (DC HSUPA). 
We compare the greedy-filling algorithm introduced in [3] and the parallel approach in [2] where grants on the two carriers are filled to the same proportion. 

We have found that greedy-filling algorithm enjoys some advantage in the implementation complexity concerning the power splitting and is more power efficient with MAC-d flow multiplexing. We have found no significant issues in greedy-filling for network operations. 

Therefore, we propose to adopt the greedy-filling algorithm. 
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Summary of performance comparison of E-TFC selection algorithms 
As seen in [4], greedy-filling shows significant gain in user data rate for power-limited UEs. The analysis on the carrier imbalance in [4] implies that its impact is insignificant. 
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Flow diagrams of the two algorithms

The legacy single-carrier E-TFC selection algorithm is outlined in Figure 1. After SG (serving grant) is updated, if there is a new transmission for the upcoming TTI, the consumed power is computed, including the power for DPCCH,DPDCH and HS-DPCCH; for each MAC-d flow, the maximum supportable E-TFC is found after considering Maximum Power Reduction (MPR) or Cubic Metric (CM); then data allocation is carried out to fill the E-TFC based on the logical channel priority. 
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Figure 1 Outline of key steps in legacy single-carrier E-TFC selection. 
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Figure 2 Basic operations of greedy-filling (left) and parallel approach (right). 

The basic operations in greedy-filling are plotted on the left part of Figure 2. Greedy-filling uses the legacy single-carrier algorithm as its base. Depending on the number of new transmissions, the base algorithm is run once or twice. The additional complexity beyond simply repeating the base algorithm twice is the control logic to distinguish one or two new transmissions, compraing the transmit pilot power between the carriers, and a slightly different calculation of the consumed power for the first and second carrier. 

The basic operations in the parallel approach are plotted on the right part of Figure 2. The parallel algorithm also runs the base algorithm once or twice depending on the number of new transmissions. It also needs the control logic to distinguish one or two new transmissions. 

Although neither of the two algorithms is excessively complicated for implementation, there are aspects where greedy-filling enjoys some advantages: power splitting and MAC-d flow multiplexing. These are addressed in more detail in the next two sections. 
4
Power Splitting 

Parallel approach needs new operations for splitting the power when there are two new transmissions. These operations are not needed in the legacy system, nor in the greedy-filling algorithm. More specifically, when the UE is power limited, we need to find the maximum T2P on each carriers, denoted as T2Pmax,1 and T2Pmax,2, such that

TxPilotPwr1(1+C2P1+ T2Pmax,1)+ TxPilotPwr2(1+C2P2+ T2Pmax,2)=Pmax,
and
T2Pmax,1/SG1= T2Pmax,2/SG2,
where TxPilotPwri is the transmit pilot power on Carrier i, C2Pi is the total power offset of control channels (HS-DPCCH) on Carrier i, Pmax is the maximum power and SGi is the serving grant on Carrier i. Define =T2Pmax,1/SG1= T2Pmax,2/SG2, the proportion of grant being filled, then 
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There are two options to implement this:  

1.  is found through division. In addition to the complexity of division itself, there is a difficulty in accounting for the MPR or CM. As implied from TS25.133, Pmax is dependent on  hence the above division is not accurate with respect to MPR or CM. 

2.  can be found by a search taking the dependence of Pmax on into consideration. This adds complexity to the algorithm. 
With either option, when the supportability of each E-TFC is updated on each carrier for each MAC-d flow, MPR/CM has to be adjusted again and in a sequential manner for the two carriers.
One should also consider that whichever method is decided to derive  this algorithm resides in the UE hence it will have to be thoroughly tested to ensure NW vendors can expect predictable and consistent UE behaviors. Given the increased complexity of the algorithm, the test coverage will have to be sufficiently large to ensure that no UE will generate the type of UE behaviors that have been considered critical enough to warrant such an algorithm. The increased cost and time required for testing development should be taken into account when making a decision.
In greedy-filling, it is much easier to incorporate the accurate MPR/CM. When the E-TFC is chosen for the better carrier (carrier with lower TxPilotPwr), MPR/CM is computed based on no E-DCH on the worse carrier; when the E-TFC is chosen for the worse carrier, the E-TFC on the better carrier is already determined. 
As a result, the group should carefully weigh the additional development, operation and testing complexity of the power splitting mechanism in the parallel approach when making a decision. 
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MAC-d multiplexing

Greedy-filling has an advantage over parallel approach in that it achieves better power utilization with MAC-d multiplexing. 

According to TS25.321, for each MAC-d flow, RRC configures MAC with a HARQ profile and a multiplexing list. The HARQ profile includes the power offset and maximum number of HARQ transmissions to use for this MAC-d flow. The multiplexing list identifies for each MAC-d flow, the other MAC-d flow(s) from which data can be multiplexed in a transmission that uses the power offset included in its HARQ profile. The data allocation shall maximize the transmission of higher priority data.
A natural extension to the multiplexing rule in DC-HSUPA is to apply the HARQ profile and multiplexing list for each MAC-d flow on each carrier separately.

With this extension, let’s start from the following example where a high priority MAC-d flow can not use non-scheduled grant and can not be multiplexed with any other flows. Typically there is only a small amount of data for this flow since such flows are supposedly of low data rates. If the data buffer for this flow is non-empty when the E-TFC for a carrier is chosen, such data will be the only data packed into the chosen E-TFC. The resulting T2P may be much lower than the T2P allocated based on grant and power.
In greedy-filling, as shown in the flow diagram in Figure 2, the power allocation and data allocation are run together for any one carrier. Therefore, if the maximum allowed T2P based on grant and headroom is not fully utilized on the better carrier, the power for the un-used T2P will be available to the other carrier. 
In parallel approach, the power allocation is calculated ahead of data allocation. First of all, a rule is needed for data allocation between the carriers. Parallel allocation is not a good option since the above low rate non-multiplexing MAC-d will exclusively use both carriers. Therefore, the data allocation has to be done in a sequential way. But even with sequential data allocation, the un-used power from the first carrier still can not be reused by the other carrier. 
The power waste in parallel approach is not limited to the above example. Whenever there is unused power due to restrictions in MAC-d flow multiplexing, such power is left wasted in the parallel approach but not in greedy-filling. 

Therefore, greedy-filling is more power efficient with respect to MAC-d multiplexing. 
6


Network operation aspects
Some concerns for network operations are raised in [4] regarding greedy-filling algorithm. 

One concern is that sequential algorithms may result in larger power difference between the carriers. In this regard, the difference between the two E-TFC algorithms is only significant for the cell edge UEs if the scheduler does not react to UE headroom by reducing the grant.
It is indeed expected that the serving grant reduces as the UE approaches cell edges and communicates its smaller headroom through SI transmissions. Even if the node-B scheduler didn’t update the grant, E-DCH has been designed in such a way that the serving grant will naturally decrease with the occurrences of non-serving grant transmissions and mis-detections.

Even with node-B schedulers which wouldn’t update serving grants, the larger power difference in greedy-filling is not expected to change its performance advantage for cell edge UEs, as shown in [7]. The reason is that greedy-filling chooses very small payloads when large power difference happens. 

Another concern is that the UE behavior (and thus also interference) is less predictable with greedy-filling. Along this line, it is argued in [4] that greedy-filling would cause higher variation in RoT and in the proportion of grants being filled. 

Different E-TFC algorithms lead to different E-TFC choices only when UEs are power limited rather than grant limited. These UEs are in the cell edge and inherently cause less interference. Therefore the variation of interference at the Node B should not be a serious issue. Moreover, as shown in [7], the two algorithms have identical mean RoT and RoT CDF despite the cell-edge boost and cell capacity gain in greedy-filling. Namely, no increase in the interference variation is observed in greedy-filling. As for the variation in the proportion of grant being filled, compared with parallel approach, greedy-filling leads to higher variation on the worse carrier but lower variation on the better carrier. Furthermore, since greedy-filling fills the grant on the better carrier with priority, the total received power from the UE on the better carrier tends to be higher. Consequently, the total received power from the UE is less variable in greedy-filling. 
It is also claimed in [4] that greedy-filling gain requires high grant. This is not entirely true. As we see in [7], greedy-filling gain is mostly felt by the UE at cell edge. Their grants are not high on the absolute sense. 
There is also a concern that greedy-filling does not work well with independent scheduler. The simulation in [7] actually uses an independent scheduler and shows significant performance benefit in greedy-filling. In fact, as shown in [3], the near optimality of greedy-filling is true under all combinations of serving grants and UE headroom. Therefore, the performance gain in greedy-filling, especially the cell-edge throughput increase, exists regardless of the scheduling algorithms. 
In summary, we have found no significant issues with greedy-filling for network operations. 

7         


Conclusion
Our analysis has found greedy-filling is simpler to implement, does not waste any power with MAC-d multiplexing and does not cause any significant issues on network operations. In addition, our simulation in [7] clearly demonstrates the gain in throughput for power-limited UEs from greedy filling. Therefore, we have the following proposal: 
Proposal: In DC HSUPA, the UE uses the greedy filling algorithm for the E-TFC selection when there are two new transmisisons on both carriers. Specifically, the UE chooses the maximum T2P on the carrier with lower transmit pilot power, up to the limit of the serving grant and the total transmit power; the remaining power goes to the next carrier to choose another E-TFC. 
8
References 
[1] R1-090508, “System Simulation Assumptions for Dual Carrier HSUPA Operation”, Qualcomm Europe,  Ericsson, Samsung, Nokia, Nokia Siemens Networks, Huawei.
[2] R2-092942, E-TFC selection for DC-HSUPA, by Ericsson, April 2009. 
[3] R2-092995, E-TFC selection for DC-HSUPA, by Qualcomm Europe, April 2009. 
[4] R1-092762, DC-HSUPA – E-TFC selection system simulation results, by Ericsson, June 2009. 
[5] R1-090441, Initial system simulation results for DC-HSUPA operation, Ericsson, January, 2009.

[6] R2-093101, E-TFC selection for DC-HSUPA, NSN/Nokia, April, 2009. 
[7] R2-094453, Performance comparison of E-TFC selections in DC-HSUPA, QC Europe, August, 2009. 
1
6/6

_1312047747.vsd
1


0


For each MAC-d flow, find the max E-TFC supportable by SG and remaining power


Compute consumed power


Fill the packet based on logical channel priority, MAC-d flow multiplexing and HARQ proile


# new transmissions?


SG update


Compute consumed  power (for 2 carriers)


2


Power split between carriers


Carrier_ID=1


Carrier_ID=2


Carrier_ID=2


Carrier_ID
=2?


Yes


No



_1312047748.vsd
SG update


Swap C1&C2


Carrier_ID=2


Yes


No


2


Carrier_ID=2


1


0


TxPilot_1
<TxPIlot_2?


For each MAC-d flow, find the max E-TFC supportable by SG and remaining power


Compute consumed power (*)


Fill the packet based on logical channel priority, MAC-d flow multiplexing and HARQ proile


# new transmissions?


Carrier_ID
=2?


Yes


No


Carrier_ID=1



_1312038522.vsd
Compute consumed power


Yes


No


For each MAC-d flow, find the max E-TFC supportable by SG and remaining power


SG update


Fill the packet based on logical channel priority, MAC-d flow multiplexing and HARQ proile


Any new transmissions?



_1311881416.unknown

