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1 Introduction
In Rel-99, the RNC allocates and periodically updates the TFCS for each UE, by means of TFC control messaging. At each radio frame boundary, the UE MAC selects a TFC to transmit the data. Since there are only 2 physical channels present, DPDCH TFC selection is accomplished by computing the UE transmit power required for each TFC. 

In Rel-5 and beyond, other physical channels are intermittently present. The intermittent nature coupled with a smaller TTI (1-slot, 2-slots or 3-slots) impacts Rel-99 TFC selection.

In this document, we formulate this problem and present an algorithm that can be used concurrently along with Rel-99 TFC selection.
2 Issues with TFC Selection
2.1 Summary of Rel-5 and possible EUL structure
In Rel-5, the HS-DPCCH spans a 2 ms sub-frame, and consists of the ACKCH and CQICH. 

1. ACKCH (1-slot)

a. Transmitted depending upon whether the corresponding HS-DSCH is decoded correctly or not ( the presence/absence of ACKCH is probabilistic. 

2. CQICH (2-slots)

a. Deterministic presence/absence

In the conceptual EUL designs, there are multiple channels in the uplink.

1. E-DPDCH (3-slots or 15-slots)

2. [E]-DPCCH (3-slots or 15-slots)

3. Other support channels

The presence/absence of all the EUL channels is probabilistic. 
Therefore, at radio frame boundaries, the UE does not know whether it needs to transmit ACKCH, E-DPDCH or [E]-DPCCH in the next 10 ms frame. Further, the transmission of these channels in the previous frame does not imply that they will be transmitted in the subsequent frame.

2.2 Impact on TFC Selection

The working assumption for Release 5 has been that no power shall be reserved for HS-DPCCH.
Depending upon whether the UE decides to give priority to HS-DPCCH and EUL channels, the ability of the UE to transmit a TFC in SUPPORTED_STATE is affected. 
The UE could conceptually perform TFC selection assuming one of the following.

1. Deterministic absence of HS-DPCCH and EUL channels throughout the next frame

a. Low priority to HS-DPCCH and EUL channels
b. More HS-DSCH retransmissions ( DL capacity reduction

c. E-DPDCH might not be transmitted ( UL capacity wasted

2. Deterministic presence of HS-DPCCH and EUL channels throughout the next frame

a. High priority to HS-DPCCH and EUL channels

b. Rel-99 performance is affected

3. Deterministic presence of HS-DPCCH and EUL channels in relevant slots of the next frame
a. Reasonable compromise for HSDPA

b. If this UE has been scheduled on EUL, capacity has been reserved for it ( UL capacity could be wasted
3 New Approach for TFC Selection
In this section, we present a probabilistic approach to TFC selection in the presence of EUL channels. This algorithm can also be extended to HSDPA.

1. The UTRAN signals the priority for the following channels to the UE on DCCH

a. Each TFC in DPDCH

i. By definition, the TFC in minimum set should be set at highest priority

b. ACKCH + CQICH

c. E-DPDCH + [E]-DPCCH

d. Other EUL channels

2. The UE monitors the following

a. Long term residual BLER after every E-DPDCH transmission

b. Pending transmissions for each HARQ process

The TFC selection philosophy in the presence of E-DCH is the following.

1. Compute the DPDCH TFC in SUPPORTED_STATE in accordance with Rel-99
2. Compute the expected E-DCH transmit power needed during the next frame

a. This is derived from the long term BLER after every E-DPDCH transmission.
i. Let the long term BLER after j transmissions be 
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ii. Let the UE transmit the kth E-DPDCH transmission in the previous radio frame

iii. It can be inferred that this E-TFC will be retransmitted with a probability of 
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3. In the order of priority:

a. Reserve the power for DPDCH TFC in minimum set if they are in SUPPORTED_STATE

b. Reserve the power for all remaining DPDCH TFC in SUPPORTED_STATE that have a higher priority than E-DCH
i. If all TFC in SUPPORTED_STATE have higher priority than E-DCH, the algorithm stops here.

c. Probabilistically reserve the power for E-DCH based on the expected need
d. Compute the highest TFC in SUPPORTED_STATE that can be still supported after reserving power in (a), (b) and (c)
i. This TFC is a candidate for transmission on DPDCH in the next frame

The probabilistic power reservation for E-DPDCH at the beginning of a new radio frame is accomplished in the following way.
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Therefore, with probability
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, the UE reserves power for the next radio frame by a factor of 
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Note that we have assumed a single HARQ instance pending retransmissions from last frame. 
The extension of the above approach to multiple HARQ instances is trivial.

1. The UE performs the same computation for all HARQ instances pending re-transmissions from last frame.
a. With respective probabilities, power reservation for each instance is either made or not.

2. For all HARQ instances for which a power reservation has been made, the UE picks the worst-case power consumption.

The feasibility of a similar approach with rate requests and associated grant probabilities needs to be investigated.

We note the following:

1. There is no impact on Rel-99 TFC selection

a. No change in the computation of TFC in SUPPORTED_STATE

2. The UE has to monitor pending retransmissions anyway

a. It cannot flush its EUL buffer till it receives an ACK from the UTRAN

3. This mechanism allows for the UE to pick a candidate DPDCH TFC from the TFC subset in SUPPORTED_STATE in a “smarter” way

a. Based on priority, it ensures that the UE does not reserve too much or too little power for DPDCH or E-DCH.
4 Conclusion

In this document, we highlighted the issues with Rel-99 TFC selection and the probabilistic presence of EUL channels and HS-DPCCH. We suggest the following:
1. The UTRAN signal priority for each set of channels

2. The UE probabilistically determine the presence or absence of EUL channels

3. Based on (1) and (2), and probabilistic power reservation, at each radio frame boundary, the UE picks a candidate TFC from the TFC subset in SUPPORTED_STATE.

The impact of such a scheme and a comparison with alternative schemes should be evaluated with system level simulations.
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