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1 Introduction

At RAN1#47 bis, CRs were agreed in principle [1, 2] for relaxing the timing restrictions for F-DPCH so that up to 10 users can be accommodated on each SF256 code in the downlink, thus maximising the code-saving ability of the F-DPCH. Different slot formats are introduced for F-DPCH, enabling the TPC symbol to be positioned at any point in the slot, and the power control timing is modified accordingly. 

In this paper, we discuss some issues relating to the way in which the modified power control timing is specified, and make a proposal for improving the CRs. 

2 Discussion

In Rel-6, the uplink TPC commands are received approx 512 chips
 before the start of the pilot field where the uplink transmit power change takes place. This is shown in Figure 1 (simplified to show only the UL power control).
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Figure 1: Rel-6 F-DPCH UL TPC timing
With the enhanced F‑DPCH, some or all of the TPC commands will often arrive too late for the uplink transmit power to be changed at this point, so it is proposed in [2] to delay the power change until the start of the first pilot field at least 512 chips after the last TPC command is received, as shown in Figure 2. 
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Figure 2: UL TPC timing for enhanced F-DPCH as proposed in [2]
This proposal seems reasonable for the non-SHO case. 

2.1 Soft-Handover

We now consider the SHO cases in more detail. 

The specified method for combining TPC commands in SHO includes that the UL transmit power shall be reduced if a reliable “down” command is received from any of the radio link sets. This means that if any of the radio link sets has an Enhanced F-DPCH slot format with the TPC command in either of the first two positions of the slot, the UE does not need to take into account any of the later TPC commands when determining the power change if a reliable “down” command is already received. As the response to “down” commands is the most important for controlling RoT, it is better in such a situation to avoid delaying the transmit power reduction for another slot. 

This situation is illustrated in Figure 3.

Note that with a purely random allocation of time offsets for the RLSs in a UE’s active set, at least one RL’s TPC command would be received in the first two positions 53% of the time when three radio links are in the active set. In practice the proportion would be likely to be significantly higher, as it would benefit the network to preferentially allocate early positions whenever possible. 
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Figure 3: SHO case with at least one F-DPCH with TPC command in one of the first two positions

We also observe that there is likely to be some variation in the loop delay for the UL TPC for different RLSs: Due to the different timing offsets for the TPC commands, some TPC commands in a slot may be derived from different uplink pilot fields, as illustrated in Figure 4. This is clearly within the freedom of the network implementation.

Note that the propagation delay shown in Figure 4 corresponds to a cell radius of 2km, whereas the timing diagrams in TS25.214 illustrate a “worst case” of 20km.
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Figure 4: Derivation of uplink TPC commands for different TPC command timing offsets

In view of the above observations, it no longer seems appropriate necessarily to combine the TPC commands received in SHO on the basis of the downlink slot in which they were sent. For the enhanced F‑DPCH, the downlink slot boundaries are effectively in arbitrary positions.

We therefore suggest that the combining of TPC commands in SHO should instead be done according to the time window in which they are received and able to be applied to the uplink. This would mean that early-arriving TPC commands in one slot would be combined and processed quickly, while late-arriving TPC commands in the same slot would be combined and acted on at the later slot boundary. 

Specifically, we suggest that the combining window should include all TPC commands received with the last 8 offsets in slot n-1 and the first 2 offsets in slot n (where the notation “n” is used here purely for convenience). 

This is illustrated in Figure 5.
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Figure 5: Proposed time window for combining of TPC commands in SHO with Enhanced F-DPCH

Note that in practice the different F-DPCHs will each be received at the UE with slightly different timing offsets due to the propagation delays, but for the sake of simplicity this is ignored in Figure 5 and the TPC commands are illustrated diagrammatically as arriving on the same physical channel. 

2.2 Softer Handover

A special case would occur if the UE was in softer handover. In this case, all the uplink TPC commands received on one RLS in the same DL slot are known to be the same. The UE could therefore soft-combine the TPC commands from one RLS within one DL slot, and then combine the result with any TPC commands received from other RLSs in one of the TPC command combining windows indicated in Figure 5. An example of combining TPC commands in softer handover in this way is shown in Figure 6.

Note that if the only the first two possible commands are received, then the result of combining would be available one slot earlier than shown in Figure 6, potentially reducing the power control delay.
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Figure 6: Combining of TPC commands in soft- and softer-handover

2.3 Effect on the specifications

The above principles enable the corresponding specification text in TS25.214 to be simplified. 

First, there is no need to make any change to subclause 5.1.2.1, as this section only describes the point in the slot at which UL transmit power changes shall take place, and does not address the time delay between receiving TPC commands and applying the corresponding power change. This also avoids any possible conflict with the introduction of CPC. 

For the non-SHO case, the only change required in the RAN1 specifications would be a new Figure in Annex B.1.

For the SHO case, the only change required in the RAN1 specifications relates to which TPC commands are combined when deriving each change in transmit power. 

3 Conclusions

In principle the proposed timing of transmit power changes seems reasonable for the non-SHO case. 

For the SHO case, we have observed that it is more logical to change the part of the specification that covers which TPC commands are combined rather than the time delay before acting on received commands. 

A proposed revision of the CR to TS25.214 is included with this document. 
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� In practice this figure is reduced by multipath and timing adjustment errors.
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