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1.
Introduction
As explained in [1], TFC restriction consists in throttling back the rate-selection based on the UE power status so as to reduce the likelihood of power outage in the middle of a transmission, which would result in an increase of the transmission BLER. As discussed in [2], TFC restriction is also useful in the case of EUL. In this document we go over the existing R’99 and Rel-5 TFC restriction scheme, we examine the new elements introduced for EUL and we discuss the different options for handling TFC restriction in this context.
2.
Background
2.1
R’99
The original R’99 scheme consists in maintaining a state for each TFC. Each TFC can either be in Supported or Blocked state (the Excess-Power state is equivalent to Blocked from the point of view of state maintenance). State transitions only need to be considered at frame boundaries and are based on the UE power status over the previous Y slots. A TFC will transition from supported to blocked state if the UE did not have sufficient power to transmit it for X out of these Y slots. Similarly, a TFC will transition from blocked to supported state if the UE had sufficient power to transmit it for Z out of the Y slots. In any other case, the TFC retains its original state.
In the context of R’99 and Rel-5 X, Y and Z take respectively the values 15, 30 and 30.

Implications of this scheme:

· UE needs to memorize the state of each TFC across multiple frames.
· UE needs to verify whether there is sufficient power to support a TFC for each of the Y slots.

2.2
Rel-5

In Rel-5, the introduction of HSDPA implied that the scheme also needed to take into account the presence of the HS-DPCCH, which carries the CQI and ACK/NACK information on the uplink.

The HS-DPCCH is transmitted based on a 2ms period as opposed to the 10, 20, 40 and 80ms TTIs supported for the DPDCH. Furthermore, the presence and value (affects the Tx power) of the ACK/NACK information is linked to downlink traffic and was therefore impossible to predict over the entire DCH transmission period. At the time the group debated whether to perform TFC restriction assuming the best case (no HS-DPCCH), worse case (HS-DPCCH always present) or actual (HS-DPCCH transmissions during last Y slots). The final decision was to use the actual value as it provided a simple compromise between the two extremes.
It is important to note that the transmission format of the HS-DPCCH was not handled as an additional modulator of the TFC state (i.e. introducing multiple states per TFC depending on the HS-DPCCH format). Instead, its contribution was only taken into account through its usage of uplink power when it came to evaluating whether a given TFC could be supported or not. 
Because it required the UE to transmit on an additional code channel, the presence of the HS-DPCCH introduced further complexity on UE implementations by making it more difficult to meet the ACLR requirements. As a way to go around this problem, it was agreed to allow some provisions for the UE to back-off on its Power Amplifier (PA) power limit depending on the presence or absence of the HS-DPCCH. This “PA Backoff” was not explicitly covered in the algorithm, but is assumed to be taken into account when assessing whether a given format could be supported by the UE.
3.
EUL
3.1
Definitions
Let’s define the following:

· MaxPower: Maximum UL Tx power, either inherent to the PA or configured through RRC.

· Ppl: Power level of the DPCCH. This value is linked to the power control and is independent of the transmitted rate.

· TPR: Traffic to pilot ratio for the DCH. This value is a function of the transmitted DCH rate. This value is equal to: 
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· TFCI: Transport Format Combination Indicator, essentially identifies the DCH transmission format.
· ETPR: Traffic to pilot ratio for the E-DCH. This value is a function of the transmitted E-DCH rate.

· E-TFI: E-DCH Transmission format Index, essentially identifies the E-DCH transmission format.

· QBF: QoS power boost factor (factor dependent on the type of traffic that is transmitted, also referred to as power offset in [3]).

· PAB: PA backoff parameter. This value could potentially be a function of both the DCH and E-DCH transmission formats. In addition to this, it could depend on whether an HS-DPCCH transmission was taking place at the same time.

· OHCP: Overhead Channel Power. This corresponds to the power offset of the DPCCH, HS-DPCCH and E-DPCCH relative to the pilot power and depends on the HS-DPCCH format.
· HS: HS-DPCCH rate. Depends on whether the CQI, ACK or NACK is being transmitted during the slot.
3.2
Supported format calculation

For a given combination of DCH and E-DCH transmissions to be supportable, we have to have the following:
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By moving all of the rate dependent values on the same side of the equation, it is possible to establish a function of the rate that can be checked against the current power status:
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Let’s call the left side of the equation the Minimum Required Power to pilot ratio (MRP) for a given rate combination:
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As can be seen from the format of this equation, because of the presence of the DPCCH and DPDCH, it is not possible to directly combine the ETPR, QBF and PAB into a single power offset. Such an approximation would be valid in cases where ETPR*QBF is much larger than OHCP+TPR, but it could not be generalized for low rate transmissions.

If we assume that TFCI, HS and QBF are known, then determining the peak data rate consists in finding the E-TFI corresponding to the highest rate that still gives:
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Since the function is discrete, this procedure would not be particularly complex. The main question lies with the number of such MRP tables that the UE would need to store or generate on the fly in order to take into account all of the possible factors that affect the back-off characteristics.

4.
Discussion

In this section we will discuss different options in the TFC restriction scheme. We will consider both functions that are already used as part of the R’99/Rel-5 mechanism as well as new functionality.
4.1
Combination with DCH processing

As was explained above, whether a given transmission format can be supported or not during a particular slot depends on both the DPDCH and E-DPDCH transmission formats that are considered. One possibility would therefore be to introduce transmission states encompassing both the DCH and E-DCH format. This would require that we consider all possible combinations of rates. If we assume 128 rates for E-DCH (7 bits), 8 MAC-d flows (each with different power offset) and 8 rates for DCH, then we would need to maintain 8192 states.
This is plainly excessive. According to past agreements, DCH transmissions will have priority over E-DCH ones. It would therefore make sense to assume that we would allocate as much of the power as is needed to the DCH before considering the transmission on E-DCH. The processing could therefore take place in the following order:

1. Perform TFC restriction, assuming that all available power will be used for DCH.

2. Perform TFC selection among the set of supported TFCs.

3. Perform E-TFC restriction assuming a given DPCH transmission format (e.g. actual current, actual past, worse case, best case, etc.).

4. Perform E-TFC selection up to the maximum rate supported according to the E-TFC restriction.
Conclusion: E-TFC restriction should be independent of the existing TFC restriction and E-TFC states should be managed independently of TFC states.
4.2
Memory based scheme
The current R’99/Rel-5 scheme relies on storing the past state for each TFC. Indeed, the transition criterion to apply, i.e. X out of Y vs. Z out of Y, depends on whether the specific TFC was supported or blocked during the previous test. This scheme was originally meant to increase the averaging effect of the TFC restriction process and thus capture the correlation over time in the channel conditions experienced by the UE.

In the context of R’99 and Rel-5, this scheme did not require any more processing than would be needed for verifying the transition criteria themselves. For EUL however, it would make sense to define a “supportability state” not only per E-TFI but also per MAC-d power offset. During a particular TTI however only the states corresponding to the power offset of the MAC-d flow with the highest priority data would be of relevance for the TFC selection. Yet, if the transition criterion to apply depends on the past state, then the UE would also need to perform the calculations for all other power offsets as well, thus increasing the processing requirements.

Conclusion: Relying on past E-TFC state results in additional processing and some additional storage for the UE.
4.2
Multi-slot test

The current R’99/Rel-5 scheme relies on testing the power requirement for each TFC for each of the past Y slots. This means that the processing required to find which of the TFCs can be supported needs to be performed at least Y times per TTI. Once these tests are performed it is possible to compare the outcome for each TFC relative to the corresponding threshold (X or Z). 

An alternative solution might be to average the DPCCH power level first and to only then test the power requirement for each TFC against it. Averaging the PDCCH level is very simple and it would allow to only test whether TFCs are supported once instead of Y times. For a large number of states, this could provide substantial computational savings for the UE.

On the downside, the current per-slot scheme allows to easily take into account the actual HS-DPCCH transmissions in order to account for their power usage. If we use the average DPCCH, it would also be necessary to somehow average out the HS-DPCCH power usage.
Conclusion: Consider replacing the current multi-slot test with a single test based on the average DPCCH power requirement.

4.3
Quantization

Currently the UE is supposed to maintain a state for every single TFC. Yet, if two TFCs have power requirements that are very close their state is very likely going to be the same. Given that the power control is typically configured with 1dB step sizes, the states of TFCs will actually be perfectly correlated within 1dB increments. The only thing that might change is the offset of these steps.

In the case of EUL this effect is going to be expanded further as we will have 128 E-TFIs covering a dynamic range of less than 30dB. This means that E-TFIs will likely be spaced at less than 0.25dB increments, un-necessarily burdening the UE.
Conclusion: Consider allowing UEs to only maintain states for E-TFIs corresponding to 1dB increments in traffic to pilot ratio.

4.4
Configurable Margin

Based on field experience, the current X, Y, Z scheme is very conservative. Specifically, because Z is equal to 30, once a TFC is blocked, it is very difficult for it to become supported again even if the channel conditions improve drastically. As a result, UE coverage at a specific data-rate is reduced un-necessarily. 

For E-DCH, the use of HARQ will make the system more tolerant to overestimating the supported rate. It is hard to say how much more leeway this will provide, but we feel that it would be useful to give the network some additional control to set the aggressiveness of the scheme.

The value of Y will likely be more difficult to adjust in the UE as in some implementations it would determine the amount of buffering that needs to be performed. But X and Z correspond to thresholds that could easily be adjusted. Similarly, it would be quite simple for the UE to apply a margin on the minimum required power offset specifically for the TFC restriction in order to make the scheme more or less aggressive. 
Conclusion: Allow the network to adjust how aggressive or conservative the TFC restriction scheme is.
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