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1.
Introduction
In EUL it is important to track the UEs’ power limitations (intrinsic or configured). The Node B needs this information in order to allocate UL RoT resources effectively. UEs themselves can use this information in order to select rates judiciously, so as to achieve the desired BLER without increasing the average number of re-transmissions.

In this document we discuss the different mechanisms that rely on some knowledge of the UE power status and we outline the complexity associated with determining the power status. Finally, we propose a way forward on the open items.
2.
Functions requiring knowledge of power limit
2.1
TFC Restriction
TFC restriction corresponds to the process of eliminating TFCs due to power limitations, right before performing TFC selection. In the absence of such a scheme, the UE would have a tendency to select the highest rate possible (intrinsic characteristic of the TFC selection algorithm). 

If TFC restriction is aggressive, then the UE would have a tendency to transmit at a higher rate than it can support, resulting in transmission power compression and therefore increased error rates. In the case of E-DCH this effect can be mitigated thanks to HARQ. Power compression would lead to an increase in the number of re-transmissions, but not necessarily to the loss of the frame. This of course assumes, as is the current working assumption in 3GPP, that the E-DCH is compressed before the other channels (e.g. DPCCH, HS-DPCCH, etc.). It is also useful to note that it is not possible to rely completely on HARQ to iron out these limitations, as the performance of the higher layers will rely on timely delivery of packets.

If on the other hand TFC restriction is conservative, then the UE will have a tendency to throttle its transmission rate too much, thus resulting in a worse user experience and by extension system capacity in lightly loaded conditions. 

Below is an illustration of the time-line for the TFC restriction:
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Figure 1: TFC restriction Time-horizon
As is illustrated in the figure above, the transmission for which the TFC restriction is applicable starts immediately following the measurements. However, because of the need to perform HARQ re-transmissions, the time horizon for which this decision is applicable can span a long time period after that (more than 100ms in the case of 10 ms TTI).

The time horizon in this scenario would start immediately after the power measurement is performed and would have a duration equal to: (MaxHARQTx – 1) * HARQRTT.
2.2
Power Headroom Reporting

Rate-requests sent from the UE to the serving Node B are meant to help the Node B scheduler in making scheduling decisions. At the last RAN2 meeting it was agreed to include in the specifications both in-band scheduling information reporting and a “happy bit” on the E-DPCCH. For the former, it was agreed that power headroom information should be included as part of the report. For the latter, it was agreed that the power headroom status would be taken into account in order to set the bit. 

In either case, the information is meant to help the scheduler select an appropriate rate to grant the UE. If the reported value is too high, the scheduler may allocate to this UE a larger uplink interference budget than it can make use of. These resources would therefore be wasted for the system. If on the contrary the value is too low, then the scheduler would not allow the UE to transmit at its highest rate even if there are resources available.
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Figure 2: Happy Bit Time-horizon
In the case of the Happy bit, the time for which the power headroom information needs to be relevant spans the entire transmission of a PDU sent after the corresponding relative grant command is received.

The time horizon in this scenario would start immediately after the relative grant sent in response to the happy bit is received, i.e. ~1 HARQ RTT after the power measurement is performed and would have a duration equal to: (MaxHARQTx – 1) * HARQRTT. Some level of uncertainty in the reception of the happy bit and the relative grant might result in increasing the duration of this time horizon.

Below we provide a time-line of the time-horizon required for each of these cases.
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Figure 3: Scheduling Information Time Horizon
The time horizon in this scenario would start immediately after the absolute grant sent in response to the scheduling information is received, i.e. ~1 or 2 HARQ RTTs after the power measurement is performed (assumes some boosting) and would have a duration equal to: (MaxHARQTx – 1) * HARQRTT. Since the scheduling information is sent in-band, the delay in getting the scheduling information through would depend heavily on the user location. This uncertainty should be factored into the calculation of the duration of the time-horizon.

Note that the likelihood of performing the maximum number of HARQ re-transmissions is relatively low. It might therefore be useful to take this into account when considering is a useful time-horizon for these measurements.
3.
Sources of uncertainty

The time horizons for the different scenarios are provided above. Even in the case of TFC restriction, it is potentially longer than what is currently needed for R’99 channels.
3.1
Power measurement accuracy

Power measurement requirements as defined by RAN4 are very loose. They allow for deviations in the order of several dBs. This means that there will be some inherent inaccuracy in the information that is available a priori at the UE and by extension that can be sent to the Node B. This uncertainty can be reduced at the expense of delay by averaging out the measurements over a period of time. 
3.2
Channel variations

The time horizons described in section 2 provide some qualitative view of the time period over which a decision related to power-level status will be applicable. As can be seen, what matters is not necessarily the power status at the time where the report or TFC selection are performed, but rather what it will be over the duration of the associated transmission. Given the duration of HARQ transmissions, the channel conditions, and by extension power headroom status could change substantially over this time. In the figure below, we attempt to illustrate this principle.
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Figure 4: Impact of channel variations on HARQ transmissions
The intrinsic variability of the power status can be captured by averaging out the information over a period of time. 

3.3
Impact of other channels

The current working assumption in 3GPP is that all other channels will have priority over the E-DCH. They could therefore take power away from it in the middle of the transmission. In the figure below we again illustrate this point.
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Figure 5: Impact of other channels on HARQ transmissions
Although the figure only illustrates the effect of DPDCH transmissions, the same is of course applicable for the HS-DPCCH. In either case, the UE only has limited ability to predict what transmissions are going to take place during the entire duration of HARQ re-transmissions. It might be possible to rely on the buffer status, however unreliable due to the arrival of new data, but that would require for the UE to perform a virtual TFC selection in order to figure out the rate it would transmit at.

3.4
PA Backoff

As was explained in [1], the PA backoff to apply depends on the actual rate of transmission rather than on the total transmitted power. As a result, it also depends on the power boosting applied in order to account for the QoS requirements of the data being transmitted (power offset associated with the MAC-d flow). An error in the backoff would result in a commensurate error in the UE grant. If the backoff is over-estimated then the UE will not get as a high a grant as it could make use of. If the back-off is under-estimated then the UE will get a higher grant than it can use.

According to [1], an error of up to 6dB in the power offset, could result in an error in the PA backoff in the order of less than 1.8dB.

4.
Discussion
4.1
Need for E-TFC restriction
One might argue that TFC restriction is not really needed for E-DCH, since the Node B scheduling itself should ensure that the UE is not given a higher rate than it can support. Because however of the inherent delays in scheduling the UE and since the UE has much more detailed information on the power status, it would make sense to introduce such a mechanism.

Conclusion: E-TFC restriction scheme is needed.
4.2
Handling of channel variation and measurement errors

Given the length of the time horizon in the different scenarios and the inherent variations in the wireless channels as well as the relatively large expected measurement errors, it would make sense to apply some kind of averaging in order to generate measures of the power headroom. 

As is explained above, the time horizon in the different cases varies. In the case of scheduling information, it could be twice as long as that for TFC restriction when no power boosting is applied (scheduling information sent together with data). It may therefore make sense to extend the averaging period for that case. For the happy bit, the delay is somewhere in the middle. 

Conclusion 1: Need averaging for all scenarios.

Conclusion 2: Propose two level of averaging, one for TFC restriction and for setting the Happy Bit and another for the power headroom measurement included in the scheduling information.

4.3
Handling of PA back-off and presence of other channels
As explained above, the PA backoff uncertainty is directly linked to the uncertainty on the power offset that will be used in order to account for the QoS requirement. This is of course not an issue for the TFC restriction as this takes place in the UE, which has direct access to the buffer status. It could however be an issue for rate-requests. One way or the other, it is clear that the UE will have much better knowledge of the PA back-off values as well as the buffer status. Therefore, it would make sense for the UE to already factor in the effect of the PA back-off before reporting the power headroom (see [1]).
As explained above, the power usage of legacy channels (DPDCH and HS-DPCCH) is not perfectly predictable for the UE. Indeed, the fact that there is a transmission going on at the time where the E-TFC selection takes place does not give an indication of what will happen during the latter part of the transmission. In order to keep things simple while still taking into account the correlation in consecutive transmissions, we propose to take into account the average of the actual power used by the dedicated channel over the same averaging period used to handle channel variations in the TFC restriction (see above). This is very similar to what is done in Rel-5 to take into account the HS-DPCCH. 

The serving Node B already has some awareness of the DPCH activity of the UE from decoding its transmissions. It does not necessarily receive the HS-DPCCH transmissions, but could make some assumptions on their power usage. Therefore, for the scheduling information, which will mostly be used for longer term scheduling assignments, we do not think it is necessary to take the DPCH and HS-DPCCH power usage into account. For the happy bit on the other hand, which will be used for faster adjustments, it would make sense to take the DPCH and HS-DPCCH into account.

Conclusion: TFC restriction and happy bit should take into account some DPCH and HS-DPCCH (either average past or current) power usage into account. For the power headroom report in the scheduling information the UE could just assume they are not using any power.
4.
Proposal

Based on the discussion above, it is proposed to support two power headroom measurements:

· Short-term:

· Driven by the time-horizon for the TFC restriction (time for 2 or 3 HARQ re-transmissions would represent a reasonable averaging interval).

· Takes into account the PA backoff.
· Takes into account some measure (best case, worse case or actual etc.) of the DPCH/HS-DPCCH power usage.

· Would be used for TFC restriction and as a power headroom measurement for setting the happy bit.

· Long-term:

· Driven by the time-horizon for the scheduling information (time for 4 or 5 HARQ re-transmissions would represent a reasonable averaging interval).

· Takes into account the PA backoff.

· Does not take into account the DPCH/HS-DPCCH transmissions.

· Would be used for setting the power headroom in the scheduling information.

We feel that this scheme gives a good trade-off between complexity and effectiveness.
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