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Introduction

The general concept of the TFC selection across DCH and E-DCH was agreed in the last standardization meetings. One issue, which remains to be open, is the TFC Selection procedure with respect to simultaneous HS-DPCCH transmissions. This contribution discusses the TFC selection mechanism and hereby focuses on the priority of the UL physical channels and the power estimation.

Technical Background 

 The general principle for the TFC and E-TFC Selection has already been agreed. A two step approach was decided, where UE first performs TFC Selection for DCH according to the Rel99/4/5 specifications and then in the second step E-TFC selection for E-DCH is done in the MAC-e entity. The E-TFC selection is, as the TFC selection for DCH channels, based on logical channels priorities; the UE shall maximize the transmission of higher priority data. UE estimates the remaining power every E-DCH TTI, 2ms or 10ms, which is available for the E-TFC selection. It is still unclear whether the estimated remaining power considers HS-DPCCH transmissions in case HSDPA is simultaneously used with EUDCH. The aspect of the power estimation will be discussed later.
At the joint RAN1/RAN2 session in the Shin-Yokohama meeting it was agreed that E-DPDCH is scaled down on TTI level for retransmissions in case of power limitations. At slot level all physical channels are equally compressed. The scaling down of only E-DPDCH at slot level remains FFS. The reasons for scaling down the E-DPDCH only on TTI level is that DCH is always of higher priority than E-DCH and E-DPDCH has a HARQ functionality. All the discussion on priorities of UL channels was done only with respect to E-DCH and DCH channels. Therefore we want to tackle this issue again in order to clarify the priority of UL physical channels when HS-DPCCH is simultaneously transmitted. We believe the scenario of simultaneous operation between HSDPA and HSUPA is very important. 

Priority of UL physical channels

So far it has been agreed, that DPCCH/DPDCH has higher priority than E-DPCCH/E-DPDCH. Within each pair of channels DPCCH/DPDCH and E-DPCCH/E-DPDCH the control channel has always higher priority since it contains necessary information for the processing of the corresponding data channel and also information in order to keep a certain quality of the link. The priority of the UL physical channels was not discussed so far for the case that HS-DPCCH is simultaneously transmitted. In our view HS-DPCCH should have higher priority than E-DPCCH/E-DPDCH as already stated in [1]. The priority order would look like the following:

· DPCCH > DPDCH > HS-DPCCH > E-DPCCH > E-DPDCH 

In power limited situation UE would reduce the E-DPDCH power with still having a chance of a correct decoding due to the soft combining gain, but on the other hand reducing the power of the HS-DPCCH would just correspond to an unreliable transmission of the ACK/NACK and CQI. The proposed priority order would be also in line with the decision already taken, that E-DPDCH is scaled down on TTI level for retransmissions in case of power limitations. 
Power estimation for E-TFC Selection

As already mentioned before it’s still unclear whether the estimated remaining power for E-TFC selection considers HS-DPCCH transmissions. As already for Rel5 we envisage three methods for the power estimation for E-TFC selection:

· Always HS-DPCCH method:  The transmission of HS-DPCCH is always assumed, the remaining power for E-TFC selection accounts for the HS-DPCCH transmission.

· Never HS-DPCCH method: The power for HS-DPCCH transmission is never considered when estimating the remaining power for E-TFC selection.

· Actual HS-DPCCH method: The power for HS-DPCCH is considered depending on the actual transmission of HS-DPCCH.

The following figure illustrates the three different methods. On the X-axis the distance from the cell center (Node B) and the corresponding radio channel conditions are shown. It is assumed that the radio channel conditions are good close to the Node B and bad at the cell edge.The Y-axis shows the UE Tx power.
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Figure 1: Power estimation for E-TFC selection
The figure illustrates the case where DPCCH/DPDCH, HS-DPCCH and E-DPCCH/E-DPDCH are transmitted simultaneously. The blue area shows the transmission power for the DPCCH depending on the distance from cell center or uplink radio channel condition. The transmit power for the DPDCH(s) is represented by the green area. In this figure, DPDCH power does not reach the maximum power. The brown marked area shows the additional amount of power, which is required for the HS-DPCCH depending on the chosen method when E-DPDCH is transmitted with the maximum allowed bit rate. 

In the “always HS-DPCCH method” UE reserves permanently power for the HS-DPCCH when estimating the remaining power for E-TFC selection. The red area represents the Tx power for E-DPCCH/E-DPDCH. As shown in the figure no additional power for the HS-DPCCH is required since the power is already considered in the remaining power for E-TFC selection.  The “always HS-DPCCH method” ensures a correct power allocation for the E-DCH TF(s). However when assuming always the transmission of the HS-DPCCH and HS-DPCCH is not transmitted simultaneously with E-DCH and DCH the reserved power is not used. Therefore a more aggressive method is more efficient in terms of throughput.  

In the “never HS-DPCCH method” UE considers no HS-DPCCH transmissions when estimating the available power for E-DPCCH/E-DPDCH.  Therefore additional power is required in case HS-DPCCH is transmitted simultaneously with DPCCH/DPDCH and E-DPCCH/E-DPDCH as represented by the yellow area (“never HS-DPCCH method”). The power used for E-TFC selection is represent in the figure by the red plus yellow and grey marked area. UE has to compress the power in order not to exceed the maximum allowed transmission power in that case. The scaling down of the transmission power was already mentioned above. 

The “actual HS-DPCCH method” is in between never and always HS-DPCCH method. The UE accounts for the HS-DPCCH when estimating the remaining power for E-DCH depending on the actual transmission of HS-DPCCH. The power allocation for HS-DPCCH when using the actual HS-DPCCH method depends on the used HSDPA scheduling method. When using a round robin scheduling method for example the actual HS-DPCCH method lies pretty much in the middle between never and always HS-DPCCH method, at the cell center as well as at the cell edge. A scheduler using a MAX C/I algorithm would schedule UEs depending on their path loss. Therefore the behaviour of the actual HS-DPCCH method would almost similar to the always HS-DPCCH method be at the cell center (or good channel condition) and similar to the never HS-DPCCH method at the cell edge (or bad channel condition).  
Since the “actual HS-DPCCH method” is seen as the most efficient in terms of power allocation and throughput, we recommend using the “actual HS-DPCCH method” for TFC selection with Enhanced Uplink. 

Conclusions
This contribution discusses TFC selection issues for Rel6. In particular the priority of UL channels in the presence of HS-DPCCH and the power allocation method for E-TFC selection is investigated. It is proposed to agree on the “actual HS-DPCCH method”.  
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