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Introduction

Gated DPCCH Transmission has been proposed (e.g. in Tdoc 0505 from Samsung) as a Terminal Power Saving Feature. Some further refinement may be needed, particularly with respect to power control during gated mode. This document mainly considers uplink power control.

Discussion

One of the main motivations behind gated transmission mode is understood to be to reduce the total power transmitted by the UE, by maintaining the closed power control loop between gaps in DPDCH transmission but at a lower power control rate. However, there may be conditions where this is not the “minimum energy” strategy. For example, for very long gaps, it would be better to switch off transmission completely.  Also, in cases where the channel is known to be stationary or almost stationary (e.g. for very slow moving terminals), then gated mode with a step size smaller than 1dB might be optimal. In such cases it might be best to switch off the control channel altogether. Therefore the additional option of gating rate 0 seems to be required for both of these cases.

Since there could be a risk of losing uplink synchronisation (e.g. frame timing) when using gating rate 0, it might also be beneficial to define a gating rate 1/15. This would not be very effective in tracking channel changes, but would enable synchronisation to be maintained on stationary or near stationary channels, with minimal overhead.

It is important that power control operation can be optimised under different conditions. A number of variations are possible for handling power control parameters in gated mode. Some alternative possibilities are:-

1. Use the same power control step size and algorithm as for non-gated mode. In the case of algorithm 1, the optimum step size is likely to be different for gated and non-gated modes. In the case of algorithm 2, the groups of power control commands would not be complete, and consequently there would be no change in power.

2. Add power control parameters specifically for gated mode to the gated mode parameters. This is the most flexible solution. Since algorithm 2 is not expected to be useful in gated mode (see later discussion), algorithm 1 could always be used, but with a choice of step size of 1dB or 2dB.  

3. Fix the power control step size for gated mode. In this case the optimum value would probably be 1dB.

Gated mode reduces the power control rate. Power control Algorithm 2 in non-gated mode has a similar effect. Therefore for channels where Algorithm 2 is optimal for non-gated operation, such as with high terminal speeds, gated mode (using Algorithm 1) would also be expected to give good performance. Using gated mode and algorithm 2 together will further reduce the effective power control rate. While this would improve performance slightly for very high terminal speeds, tracking of shadowing could be impaired. Therefore this combination is not likely to be desirable for power control, where its effect would be similar to adding a gating rate 1/15, but with higher overheads.

Gated mode also increases the power control delay (at least for regular gating patterns), which reduces the maximum terminal speed for which channel variations can be tracked.

With gating it may be useful to specify an initial power for the DPCCH at the end of the gating period. Something like compressed mode Initial Transmit Power mode 0 or 1 could be used. 

In the case of gating rate 0, the gap between DPCCH transmissions could be significant. For long gaps the initial transmit power should be derived from open loop estimates of uplink path loss. Other mechanisms might be possible for intermediate gap lengths, for example, making the initial power a weighted average of the previous power and the open loop value, with the weights depending on the gap duration.

Also in the case of gating rate 0, a recovery period might be useful (like in compressed mode), since there could be a significant power error after the transmission gap. An (optional) recovery period would enable the transmit power to be rapidly adjusted to the target value. Furthermore, an (optional) power control preamble would also be useful. This would also allow synchronisation to be regained after a long gap, before resuming data transmission.  However, such a preamble would add extra delay. 

The optimum DPCCH power may be different in gated and non-gated modes. This could be conveniently achieved by applying an offset to the target Eb/No when gating is enabled. A corresponding power step could also be applied to the DPCCH power when making transitions between modes.

If power control parameters are added to gated mode they may need to be different for uplink and downlink. For example, power control step sizes may be different in uplink and downlink.

Finally, the description of the operation of power control would need to be modified slightly to include gated mode with regular transmission, since the downlink TPC command to be applied to the uplink transmission will have been sent, not in the same slot, but in an earlier slot. 

Proposals

· Add gating rate 0 

· Consider adding gating rate 1/15

· Add power control parameters to gated mode parameters (e.g. step size 1dB or 2dB, offset between DPCCH power in gated mode and non-gated modes) 

· Independent power control parameters for uplink and downlink

· Specify initial transmit power after a gap (e.g. like compressed mode Initial Transmit Power mode 0 for short gaps and open loop estimate for long gaps)

· Add a recovery period, possibly with a choice of power control mode, after a transmission gap

· Allow a power control preamble to be specified when data transmission is re-started after gating rate 0 

· Power control specifications and RF requirements should be updated to cover gated DPCCH transmission, particularly considering the time offset between uplink and downlink slots.

