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1. Introduction
Discussions in RAN2 on E-DCH have identified several areas that fall under the responsibility of RAN4 [2].  The objective of this document is to initiate discussion in RAN4 that will lead to:

1. Defining the UE requirements for E-TFC state restriction events.

2. Defining what the UE should report to the UTRAN to support E-DCH scheduling.   

In RAN2 it is proposed that when allocating power, E-DCH channels have the lowest priority [4]. Estimation of the remaining power available for E-DCH transmission is an important issue.  The higher transmission rates supported by E-DCH requires more power, and hence power shortages may occur more frequently.  In this contribution, we discuss alternatives for alleviating the possibility of power shortage when E-DCH is transmitted using TFC restriction.

2. Power shortage problem
E-DCH supports higher data rates than DCH, and consequently, it requires a significant increase in UE transmit power. This increases the likelihood that the UE may experience power shortage. This will be caused by a number of contributing factors, including: high path loss (cell edge UE), imperfect estimation of remaining power and insufficient receiver diversity. If the power shortage occurs, it could lead the followings performance loss:

· Quality degradation of the transmission and unnecessary retransmission for E-DCH: has a bigger impact for 10ms TTI than 2ms TTI.

· Waste of uplink resources.
TFC restriction (see [3] for a definition) is the process of temporarily eliminating the use of TFCs from the current TFCS based on power limitations that the UE is experiencing.  The current requirement for TFC restriction for R99 channels is defined in Section 6.4.2 of [5].   As explained in [3], after TFC for E-DCH (E-TFC) restriction, the UE can then select the best candidate E-TFC depending on the allocated resources. 
Proper E-TFC restriction is essential to reduce the possibility of power shortage, and in order to avoid quality degradation. When performing E-TFC selection, the UE should take into account the current power situation when it restricts which possible candidate E-TFCs can be used for transmission. 

3. E-TFC restriction

E-DCH supports both 10 and 2ms TTIs. Over a 10ms TTI UE transmit power can dramatically vary due to power fluctuations of R99 channels due to power control and HS-DPCCH transmissions (including power back-off), see Figure 1.  
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Figure 1: Remaining power for E-DCH
It is important that an E-TFC restriction algorithm takes these fluctuations into account in order to minimise the likelihood that power shortage occurs.  For example, as can be seen in Figure 1, if the UE uses instantaneous power for E-TFC selection, the power shortage probability would be large, especially in 10ms TTI cases. TFC restriction for R99 channels uses state machine based filtering to alleviate the power shortage probability; see Section 6.4.2 of [5].  We discuss the use of a similar filtering approach (state update mechanism) for E-TFC selection. 

It is proposed to maintain the same set of states for E-TFC selection as was used for R99 channels: “Supported”, “Blocked”, and “Excess Power” [3]. These states and transitions are described in [6].  In RAN2 it was proposed [3] to leave it to RAN4 to define how transitions for a particular E-TFC are made between these states.  Note that this is consistent to what was done for R99 TFC selection.  

For the DCH TFCs, the UE checks for each TFC whether using the TFC would result in the UE exceeding its maximum transmit power (note that the UE may reduce its maximum transmit power if HS-DPCCH is transmitted).    Based on the result of this check, the state machine for that TFC is updated.  This approach is reasonable for DPCH, because there is no other channel has higher priority than DPCH.  In contrast, this is not true for E-DCH. Since DPCH and HS-DPCCH have higher priority than E-DCH. The UE has to check for each E-TFC whether it is possible to transmit with the remaining power (after transmission power for DPDCH and HS-DPCCH is reserved, and power back-off is accounted for). It is not clear how DCH and HS-DPCCH power should be reflected into E-TFC state updates, there could be several alternative methods, three of which are presented below: 

- Althernative1: TFC and E-TFC states are updated separately using maximum UE transmission power.

Do not account for HS-DPCCH or DPCH when doing E-TFC restriction, i.e. use maximum transmit power to perform both E-TFC and TFC state update. When there is simultaneous transmission of DCH or HS-DPCCH, the available power for E-DCH is the remaining power after DCH and HS-DPCCH power is reserved. At the time of E-TFC selection, the UE would most likely have to determine which E-TFC is supported based on the instantaneous power used for DPCH/HS-DPCCH. This approach results in selecting the E-TFC based on the instantaneous power and not on available power in previous slot intervals.  An example of this method of TFC state allocation and E-TFC selection is illustrated below:
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Figure 2: Likely TFC state allocation for Alternative 1, and E-TFCs selection
Note that with this alternative the E-TFC states do not indicate which E-TFCs are likely to be supportable at E-TFC selection time.  

- Althernative2: E-TFC states are updated using available UE transmission power

Use the remaining available power to perform E-TFC restriction, see Figure 1.  The UE uses the remaining power to determine if the “elimination”, “blocking” or “recovery” criterion have been met, and performs E-TFC state updates accordingly. Hence, the power used for DPDCH and HS-DPCCH, and power reduction due to back-off have been taken into account at the E-TFC restriction phase. Hence, the UE simply selects an E-TFC from the supported E-TFCs. This alternative is likely to result in the following TFC state allocation:  
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Figure 3: Likely TFC state allocation for alternative 2

- Alternative3: E-TFC states are updated assuming maximum TFC is selected for DPCH.

State update for TFC and E-TFC state is performed jointly. The UE performs state update for each TFC and (each E-TFC + maximum TFC), see Figure 4. This will result in an underestimation of the available power at the E-TFC restriction phase.  Hence, similar to Alternative 1, the UE will most likely use the instantaneous available power at the time of E-TFC selection to allow a blocked E-TFC to be selected according to the unused power for DCH. However, the difference from Alternative 1 is that the UE knows the state of each E-TFC in the worst case (when maximum TFC is used), i.e. this is the most conservative approach.
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Figure 4: Likely TFC state allocation for alternative 3
Summary: For E-TFC state allocation, Alternative 2 takes into account power available for E-DCH over a longer time interval than Alternative 1 and 3.  Alternative 1 and 3 are more likely to use an E-TFC selection algorithm that has a much higher probability of resulting in power shortage since the selection decision is more likely to be based on the instantaneous power available for E-DCH at the time of E-TFC selection.  For E-TFC state restriction, Alternative 3 may be seen as overly conservative in indicating which E-TFCs can be realistically supported.   

4. Reporting of UE power situation 
The Node B also has to take into account the UE’s power situation when it decides what resources to allocate to the UE. Otherwise, the Node B may allocate resources to a UE that is not in the best position to make use of the resources.  In order to avoid such a waste of resource, RAN2 has introduced L2 signalling to inform UE power situation to NodeB. However, the detailed definition is left to RAN4 decision [2]. 

One proposal is that the UE simply reports the maximum supportable E-TFC as a means to indicate to the UTRAN the remaining power resources available to assign to E-DCH.  Reports would be generated when an E-TFC state transition was made.  This measurement should then be filtered by higher layers in order to reduce signalling overhead.  

If maximum supportable E-TFC is reported, then it is important that the E-TFC state is a good reflection of which E-TFCs can actually be allocated.  Hence, selection of one of the alternatives presented in Section 3 above should be carefully considered.  

5. Conclusion

The intention of this contribution was to initiate discussion on E-TFC selection and reporting of the UE power available for E-DCH in RAN4. We have:

· Discussed a state based filtering approach for E-TFC restriction similar to DPCH. 
· Highlighted that it is important to carefully consider how E-TFC states are updated in order to ensure that E-TFC states reflect what can be realistically assigned.   
· Considered using the maximum supportable E-TFC as a means for the UE to signal to the UTRAN how much power it has available to E-DCH transmissions.  
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