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1. Introduction

In a previous contributions [1], it has been shown that the required energy margin for sufficiently reliable reception of the uplink ACK/NAK signaling on the HS-DPCCH in soft handover scenarios can be as high as 10 dB relative to the uplink DPCCH. The reason is that the uplink is power controlled against multiple base stations in soft handover, while the ACK/NAK signaling must be reliably received at the HS-DSCH serving Node B. The current assumption is that the UE increases the transmit power of the HS-DPCCH according to a power offset obtained through higher layer signaling. By setting the power offset, the network can control the performance of the uplink ACK/NAK signaling to meet the requirements. However, the maximum output power of the UE is limited and the energy requirement of the ACK/NAK message might thus not always be met. This is especially the case at the cell border where the UE is transmitting at or near its maximum output power and at the same time is likely to be in soft handover.

Alternatively, instead of increasing the energy of the ACK/NAK message by increasing the output power, the duration of the ACK/NAK message can be extended. This will reduce the peak power requirements of the UE and, consequently, increase the coverage for HSDPA services.

2. Proposal

Currently, the ACK/NAK and the quality reports are transmitted over the HS-DPCCH with a spreading factor of 256 using NACK=10 bits and NCQI=20 bits, respectively. In order to reduce the peak power constraints of the UE, it is proposed to have the possibility to transmit the ACK/NAK in two different ways on the HS-DPCCH:

· “short ACK/NAK” (“normal ACK/NAK”, currently proposed format): NACK=10, NCQI=20 (1 slot ACK/NAK, 2 slots quality report)

· “long ACK/NAK”: NACK=30, NCQI=0 (3 slots ACK/NAK, no quality report)

The two formats are illustrated in Figure 1. The use of  “long ACK/NAK” improves the received energy of the ACK/NAK message by ~4.8 dB, which significantly reduces the required UE power offset.
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Figure 1: The additional “long ACK/NAK” proposed.

Higher layer signaling is used to set up the allowable values of the quantities NACK and NCQI. Typically, the allowable values are set according to whether the UE is in soft handover or not:

· non soft handover case: only “short ACK/NAK” format is allowed (NACK=10, NCQI=20). Unused fields are DTX:ed as described in 25.858

· soft handover case: “long ACK/NAK” (NACK=30, NCQI=0) is used when transmitting an ACK or a NAK, “stealing” bits from the measurement report. If no ACK/NAK is to be transmitted, the first slot is DTX:ed and the second and third slot is used for the measurement reports if necessary as specified in 25.858 (NACK=10 DTX:ed, NCQI=20 used for measurement report, possibly DTX:ed)

Note that there is nothing that prevents the network from allowing only “short ACK/NAK” format in soft handover cases as well. The introduction of the “long ACK/NAK” just provides the tool for improving the uplink ACK/NAK signaling and does not require the network to behave in a certain way.

Whether a “long ACK/NAK” or a DTX:ed “short ACK/NAK” should be used for uplink transmission on the HS-DPCCH depends on whether an ACK/NAK is to be transmitted or not (i.e., whether the UE has received any HS-DSCH transmission or not in the corresponding downlink subframe) according to:

· ACK/NAK to be transmitted: transmit the ACK/NAK using NACK=30 bits and do not transmit any quality report (NCQI=0).

· no ACK/NAK to be transmitted: use NACK=10 with ACK/NAK DTX:ed and use NCQI=20 for the quality reports (possible DTX:ed as controlled by the reporting interval).

Since the Node B knows whether a HS-DSCH transmission was directed to the UE in question in the corresponding downlink HS-DSCH subframe, the Node B knows which subframe format to expect for the uplink HS-DPCCH signaling. As an alternative to the above procedures, a slight modification of the procedure to allow the UE to transmit a “short ACK/NAK” if there is a need to transmit a measurement report at the same time could be envisioned.

One possible error case occurs if the UE misses the HS-DSCH transmission and hence does not transmit the expected “long ACK/NAK” on the HS-DPCCH. If the UE transmits a quality report in this subframe, the Node B might misinterpret the quality report as an ACK, which will have an impact on the reliability of the HS-DSCH transmission. However, this error case can simply be avoided by not transmitting to the UE when quality reports are expected as the reporting interval is known to the Node B. Not scheduling a UE in a certain subframe is also a means to obtain measurement reports if necessary as these cannot be transmitted when a “long ACK/NAK” is transmitted.

The extension of the ACK/NAK field from 10 to 30 bits will not impact UE processing time but will affect the roundtrip time slightly. It is up to the Node B implementation to handle this increased roundtrip time when a “long ACK/NAK” is used, either by increased processing speed or by skipping transmission to the UE in question in some TTIs.

The use of a “long ACK/NAK” improves the received energy of the ACK/NAK message by ~4.8 dB, which significantly reduces the required UE power offset. The reduction in transmit power offset can be directly translated into a corresponding increase in coverage.

3. Conclusions

A method for reducing the peak power requirements of the UE due to HS-DPCCH signaling has been proposed. It is recommended that this method is adopted and included in the specifications. Text proposals for 25.211, 25.212, and 25.214 are given below.
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5. Text Proposal

5.1. 25.211

--- begin text proposal ---

Figure X illustrates the frame structure of the HS-DPCCH. The HS-DPCCH uses SF=256 and carries uplink feedback signaling related to downlink HS-DSCH transmission. The HS-DSCH-related feedback signaling consists of Hybrid-ARQ Acknowledgement (HARQ-ACK) and Channel-Quality Indication (CQI) [3]. Each sub frame of length 2 ms (3*2560 chips) consists of 3 slots, each of length 2560 chips. The HARQ-ACK field consists of NACK bits and the CQI field of NCQI bits.is carried in the first slot of the HS-DPCCH sub-frame.  The CQI is carried in the second and third slot of a HS-DSCH sub-frame. There is only one HS-DPCCH on each radio link. The HS-DPCCH can only exist together with an uplink DPCCH.  The timing of the HS-DPCCH relative to the DPCCH is shown in Section 7.8.
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--- end text proposal ---

5.2. 25.212

--- begin text proposal ---

4.7.1.1
Channel coding for HS-DPCCH HARQ acknowledgement

The 1 bit HARQ acknowledgement shall be repetition coded to NACK bits. These shall be mapped to the bits fi1, fi2, fi3,…fi NACK, where i = 1.

4.7.1.2
Channel coding for HS-DPCCH measurement information

The channel coding method is TBA.

The number of coded bits at output per TTI shall be NCQI. These shall be mapped to the bits fiNACK+1, fi2, fi3,…fi30, where i = 2.

--- end text proposal ---

5.3. 25.214

(Text describing the “long ACK” taking precedence over measurement reports in case they are to be transmitted in the same subframe needs to be included, defining the values of NACK and NCQI.)
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