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1 Introduction

This document considers the power control options for the channels involved in TDD HSDPA, namely the HS-DSCH and the shared control channel (called SCoCH in the following) in DL, the HICH in the UL, and the associated DPCH . In general, power control is beneficial as it reduces the interference generated by a cell, hence increasing the system capacity overall. There is a risk, however, that inaccurate power control or the signalling overhead required to support power control may outweigh the benefits. Hence power control should always be optional, rather than mandatory.

2 TDD HSDPA Power Control Options for the Downlink

This section considers power control options for the downlink channels.

2.1 HS-DSCH

This section considers downlink power control options for the HS-DSCH.

2.1.1 Options

The simplest approach would be to use no PC at all for the HS-DSCH. This is not necessarily a wasteful approach, as the NodeB can adapt the modulation scheme and coding rate to be appropriate for the SIR being experienced by the UE. However, there will be situations where power control will still bring some benefit. For example, there may be no MCS mode available to take full advantage of very high SIRs, in which case a reduction in transmit power would lead to a system wide increase in capacity with no reduction in the UE’s perceived QOS. Similarly, the NodeB may not have much data to send to the UE, in which case it would be advantageous to reduce the SIR and use a lower capacity MCS mode.

As an alternative, PC could be based on the ACK or NAK bits sent on the HICH by the UE to the NodeB in response to the data it receives. Assuming that the received signal power at the UE can only ever be too high or too low (and never just right), then an ACK would indicate that the power was too high and a NAK that it was too low. Hence the NodeB could use an adjustment procedure (e.g., in [1]) for the HS-DSCH transmit power in order to achieve a desired ACK/NAK ratio (i.e. a measure of FER). If the desired ACK/NAK ratio cannot be maintained within the NodeBs transmit power limits, then the NodeB needs to switch to a more robust MCS mode.

The drawback with this scheme is that adapting the transmit power to maintain a specified FER is not necessarily the best strategy since the payload of a frame will vary depending on the modulation scheme and coding rate selected. In addition, the strategy tends to lead to an increase in the actual transmit power (compared to the “optimum” strategy, if that were known) since a NAK will lead the NodeB to raise the transmit power by a large amount in order to significantly reduce the probability that another NAK will be received in the subsequent frames.

The most promising alternative for HS-DSCH PC would probably be based on SIR measurement information for the last HS-DSCH message received by the UE if this measurement feedback was to be transmitted on the HICH. Hence this information would be available to the NodeB, and it could run a conventional closed loop power algorithm based on an SIR target. This target could be selected in various ways – perhaps via a look-up table for the selected MCS mode and “known” environment, or adapted in classical outer loop style using the ACK/NAK bits (which are also transmitted in the HICH). With this proposal, the NodeB was allowed to adapt to an SIR target, which may be a better strategy than adapting to the ACK/NACK feedback.

If the SIR information was not available in the HICH, then an SIR target based closed loop power control scheme can still be run if TPC bits are included in the HICH. However, in this case the UE was required to set and control the SIR target, which must be subject to standardisation. There is a real risk that a “sub-optimum” outer loop power control strategy may be chosen at this stage. TPC bits would require additional but more or less redundant signalling capacity, if the SIR measurement was anyway to be transmitted on the HICH.

2.1.2 Recommendation

Closed loop adaptation based on SIR measurements sent in the HICH is obviously the most attractive power control strategy for the HS-DSCH. Since the downlink power control strategy need not be standardised, however, the main recommendation to come out of this section is that no additional signalling is required to support downlink power control for the HS-DSCH. If the SIR measurement is not available in the HICH, then a strategy based on the ACK/NAK measurements plus whatever quality measure is signalled over the HICH can be used instead.

2.2 Shared Control Channel (SCoCH)

This section considers downlink power control options for the SCoCH.

2.2.1 Options

Also for the SCoCH, there may is the possibility to use no PC at all. This approach was discussed in Section 2.1.1 for the HS-DSCH. For the SCoCH, the reduction in potential system capacity is certainly greater since there is no adaptive MCS scheme to take advantage of excess SIR. Hence it is more important that this channel be power controlled.

The transmit power of the SCoCH could be adapted using a classical SIR-based closed loop scheme with the SIR target being set in the UE, and TPC bits being signalled in the HICH. In this case, however, the UE will find it hard to adapt the SIR target, since a frame error on the SCoCH will be interpreted as a frame intended for another UE. Hence, by definition, all messages received by a UE on the SCoCH will be considered to have been received error free. However, the UE will be able to estimate the number of missed messages on the SCoCH from the H-ARQ information, so this strategy should still be possible.

In an alternative strategy, the TPC bits in the uplink DPCH are used to control the transmit power of the SCoCH as well as that of the downlink DPCH. In practice, this will only work reasonably well if the SCoCH and DPCH are in the same timeslot, which will place restrictions on which SCoCHs a UE can monitor, and hence restrictions on scheduling efficiency. In addition, an offset between the SCoCH and DPCH transmit powers will have to be chosen by the NodeB, which may be difficult since it will not know the initial SIR target being used by the UE. Since quality feedback information about the performance of the SCoCH (primarily missing HICHs) will be an imperfect measure of that performance, it must be expected that the offset will be chosen conservatively (i.e. made too high), and thus the benefits of power control will not be as great as they might be. No additional signalling would be required with this approach, however, as the associated DPCH may be fractional, the adaption rate on SCoCH power will be similarly reduced.
2.2.2 Recommendations

Since it would appear that power control of the SCoCH is more beneficial than that of the HS-DSCH, the option to power control it should be available to the NodeB. The drawbacks of using TPC bits of the associated DPCH, particularly the scheduling restrictions, would suggest that the HICH should carry TPC bits which would be set by the UE based on the received SCoCH SIR. A quality measure for the SCoCH will have to be defined and standardised.

2.3 Associated DPCH

The DPCH can be power controlled using the standard closed loop procedure defined in [2]. Because the channel may be fractional, the power control adaption rate will be correspondingly reduced by the fraction rate. This can be compensated somewhat by increasing the step size used in response to TPC commands. For a given step size, the performance of the power control is determined by the number of TPC commands received by the NodeB per unit distance moved by the UE. For example, a UE moving at 30 km/h with a DPCH fraction rate of 1 (i.e. all frames or sub-frames contain a DPCH) will achieve an identical power control performance to a UE moving at 7.5 km/h with a fraction rate of 4. Since it is anticipated that HSDPA will be used in low mobility environments, it is not anticipated that the performance of fractional associated DPCHs will be adversely affected.

3 TDD HSDPA Power Control Options for the Uplink

This section considers power control options for the uplink channels.

3.1 HICH

This section considers uplink power control options for the HICH.

3.1.1 Options

In principle, all uplink channels could be open loop power controlled, since a beacon channel is available to both LCR TDD and HCR TDD and the channel can be regarded as reciprocal. Whilst it removes the need for downlink TPC bits, the inherent uncertainties in the UEs pathloss estimate are such that a higher transmit power (i.e. higher margin) is required than would be for a closed loop scheme.

LCR TDD allows for closed loop uplink power control based on TPC commands transmitted on the downlink. One option would be to use the TPC commands being transmitted for the associated DPCH. This strategy would only work if the associated DPCH and HICH were constrained to being in the same timeslot, with corresponding restrictions on the resource allocation or scheduling processes, or if the interference levels received by the NodeB in the different timeslots were signalled to the UE via higher layers, which could then compensate the transmit power of the HICH for the difference in interference levels.

In addition to applying an offset to compensate for the difference in interference levels in the uplink slots, an additional margin for the HICH transmit power would have to be applied by the UE to account for the difference in target SIRs for the two channels, which will not be constant as the NodeB will be running an outer loop algorithm to update the DPCH target SIR. This additional margin will have to be conservatively set as the UE will have no feedback as to the received quality of the HICH. Although the additional margin could be readily set and adapted by the NodeB, the need to signal this to the UE would remove the advantages of this scheme. At last, the associated DPCH may be fractional, hence the adaptation rate on the HICH power will be similarly reduced

The most attractive solution could be a closed loop scheme where the downlink TPC bits are transmitted in the SCoCH. This would have the advantage that a separate outer loop control algorithm would be run in the NodeB just for the HICH based on the actual HICH performance. The scheme also has the advantage that there is a one-to-one correspondence between SCoCH and HICH transmissions (assuming that the SCoCH is received correctly), and hence the rate of TPC commands adapts automatically to the rate of the HICH itself. 

3.1.2 Recommendations

The advantages of closed loop power control is such that this should at least be an option for the HICH. Since the restrictions placed on resource allocation and scheduling by using the TPC commands on the associated DPCH are considered unsatisfactory, it is recommended that TPC bits for the HICH are optionally allowed in the SCoCH. Moreover, for the first HICH transmission or when there are long transmission pauses on the HS-DSCH the initial power setting for the HICH should be based on the current DPCH transmission power plus some power offset which would be configured by higher layers. This power offset can take into account different long term interference conditions at the NodeB in the DPCH and HICH time slot as well as differences in the required bit error rates.

3.2 Associated DPCH

Power control for the downlink associated DPCH was discussed in Section 2.3, and similar conclusions can be reached for the uplink.

4 Conclusions

Options for power controlling channels involved in HSDPA are discussed. It is concluded that the system as a whole would potentially benefit if all were power controlled, and hence this should be an option for them all. For the downlink channels, the decision to power control or not is up to the operator, and need not be standardised. It is concluded that suitable options exist already for these channels with the exception of the SCoCH. To power control this channel, the following additions to the standard are required:

· The HICH should have the option to carry TPC commands dedicated to the SCoCH.

· A quality measure for the SCoCH must be defined to allow the UE to adapt the target quality for the SCoCH channel.

For the uplink, closed loop power control for the HICH should be an option set by the operator, but which must be supported by the UE. Using TPC commands of the associated DPCH may be a suitable option at least for LCR-TDD, but the need to set a conservative value for the additional HICH power margin to compensate for the lack of feedback as to the HICH performance may outweigh the reduction in required layer 1 signalling. Hence closed loop power control based on TPC commands in the HICH is recommended for the TDD mode, which requires the following additions to the standard to support this:

· The SCoCH should have the option to carry TPC commands dedicated to the HICH.

The outer loop power control algorithm need not be standardised as this will run in the NodeB.

Moreover, HSDPA configuration by higher layers should include a power offset to be applied for initial HICH transmissions with reference to the DPCH power. Initial HICH transmissions will be the first transmission after HSDPA configuration or the first transmission after a configurable number of HSDPA TTIs without HSDPA data for a certain UE.
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