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1 Introduction

In RAN Plenary Meeting#24 it was agreed that the study item on Radio Link Performance enhancements would remain open to allow further investigation on the proposal “ACK/NACK Transmit Power Reduction for HS-DPCCH with preamble and postamble” (see section 6.7 in TR 25.899  “HSDPA enhancements” [1]). The meeting concluded that as the claimed coverage improvement had not been sufficiently proved in WG1 the Study would be kept open for 3 additional months in order to clarify the benefits. 

This document addresses this issue. 

2 Cell Coverage with HSDPA

It is possible to estimate the uplink cell coverage for an HSDPA UE by considering the power available to the uplink DPDCH channel when the UE is transmitting at maximum power, after allocating a sufficient value of βHS to achieve the required ACK/NACK error rate. 

For example, the document [2] considers the degradation in Eb/N0 when transmitting HS-DPCCH for various uplink data rates. It shows that a 1dB reduction in peak power capability reduces coverage area by 14% (7% radius). Taking assumptions on beta factors from [2] as a reference, we have the following:-

	DTCH data rate
	16kbps
	32kbps
	64kbps
	384kbps

	DPCCH/DPDCH amplitude ratio
	14/15
	11/15
	8/15
	5/15

	H-ARQ Ack/DPCCH amplitude ratio
	24/15
	24/15
	24/15
	12/15

	CQI/DPCCH amplitude ratio
	15/15


Note that CQI is transmitted with the same power level as the DPCCH. For data rates between 16kbps and 64kbps, the ACK/NACK field of the HS-DPCCH is transmitted with βhs/βc = 24/15. 

The use of the PRE/POST means that the peak power could be reduced by reducing the power of the ACK/NACK, provided ACK/NACK error performance is sufficient.  Note that reducing the ACK/NACK power below that of CQI gives no further benefit in terms of peak power. This is shown in Figure 1(a). Then the power of all uplink channels could then be increased back to the peak power limit (see Figure 1(b)). This would lead to a coverage improvement, since DPDCH is now transmitted at a higher power.
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Figure 1: Relative power levels of uplink channels with and without PRE/POST scheme
Taking the case of 64kbps, reducing βhs/βc from 24/15 to 15/15 and then scaling the peak power back to its original value (as shown in Figure 1(b)) has the overall effect of reducing the ACK/NACK power by 3dB, while increasing the DPCCH and DPDCH powers by 1.1dB. 

The values of βhs in [2] were set to give P(ACK->DTX)<0.01 (or 0.03 for Case3 propagation). For 16kbps to 64kbps, βhs/βc = 24/15. Reducing βhs/βc to 15/15 for the ACK/NACK transmissions corresponds to a 4.1dB reduction in PACK/NACK. The subsequent increase in total UL transmission power by 1.1dB to maximise the peak power means that the HS‑DPCCH power when PACK/NACK = PCQI is 3dB less than the HS-DPCCH power under Rel-5.

It is therefore of interest to find out if the PRE/POST scheme can achieve the required ACK/NACK error rates with 3dB less power than the Rel-5 HS-DPCCH. 

This is confirmed by the simulation results shown in the TR25.899 [1], which show that the performance of the PRE/POST scheme in most cases gives significantly more than 3dB performance improvement compared to the Rel-5 HS-DPCCH. 

In addition, further simulation results are given below for other channel models: AWGN, Case1 and Case3. It can be seen that in all 3 cases, the performance of the PRE/POST scheme is at least 3dB better in terms of HS-DPCCH required Eb/N0 than the Rel-5 HS-DPCCH. 

General simulation assumptions are given in Annex A. 
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Figure 2:  HARQ ACK performance in AWGN channel
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Figure 3:  HARQ ACK performance in Case1 channel
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Figure 4:  HARQ ACK performance in Case3 channel

The same results can be presented in a different form using total uplink Ec/N0. This is shown in Figure 5, with βhs/βc = 24/15 for the Rel-5 HARQ-ACK field and βhs/βc = 15/15 for PRE/POST scheme HARQ-ACK field. Again it can be seen that the performance of the PRE/POST scheme is better than the Rel-5 HS-DPCCH after reducing the HS-DPCCH power to enable DPDCH coverage improvement. 
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Figure 5:  HARQ ACK performance in AWGN channel

Similar graphs for Case1 and Case3 are given in Annex B.

These results confirm that the PRE/POST scheme can meet our target of reducing the required ACK/NACK power by more than 3dB, and can therefore make available another 1.1dB transmit power for the DPCCH and DPDCH.

We now look in more detail at the potential coverage improvement. 

Reference [2] indicates that an Operator would typically require an uplink data rate of 64kbps in order to support a 2Mbps HSDPA service in the DL. As mentioned above, taking the case of a 64kbps UL DTCH as an example, the peak total UL transmit power is reduced by 1.1dB if the HS-DPCCH ACK/NACK power can be reduced to the same level as the CQI power. When the UE is power-limited at the cell edge, the power which is saved from the HS-DPCCH can then be used to increase coverage for the DPDCH, by increasing the transmit power of the DPCCH, DPDCH and HS-DPCCH by 1.1dB. 

From the results in [2], a 1.1dB increase in available UL transmit power corresponds to approximately a 14% increase in cell coverage area (7% increase in cell radius). 

Similar calculations can be performed for other data rates, such as the 16kbps uplink. In this case, reducing βhs/βc from 24/15 to 15/15 and then scaling the peak power back to its original value (as shown in Figure 1(b)) has the overall effect of reducing the ACK/NACK power by only 2.4dB, while increasing the DPCCH and DPDCH powers by 1.7dB, corresponding to approximately a 22% increase in cell coverage area (12% increase in cell radius). 

3 Conclusions 

Simulation results in this paper and in [1] show that for a 64kbps uplink data rate the PRE/POST scheme can enable a reduction in peak HS-DPCCH power of at least 3dB relative to the DPCCH. 

This reduction in HS-DPCCH power requirement can be shown to make available at least 1dB more power for the DPCCH/DPDCH, resulting in a cell coverage area improvement of 14% for 64kbps UL (or 22% for 16kbps UL). 

It is recommended that the attached text proposal should be included in TR25.899.
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Annex A – Simulation Assumptions 

2GHz carrier frequency

Channel models as specified in TS25.101

Rx diversity at Node B: 2 uncorrelated antennas

Non-ideal channel estimation: 3 slots for AWGN and Case1, 1 slot for Case3

4% error rate (AWGN) on DL TPC commands

UL power control step size 1dB, algorithm 1

Interference in UL modelled as AWGN

Static ACK/NACK decision threshold

Average HS-SCCH failure rate = 0.01.

80% packet loading per UE on HS-DSCH

P(PRE or POST or DTX->ACK) ≤ 0.01 for AWGN and Case1

P(PRE or POST or DTX->ACK) ≤ 0. 1 for Case3

βhs/βc = 24/15 for Rel-5 HARQ-ACK field

βhs/βc = 15/15 for PRE/POST scheme HARQ-ACK field. 
5 Annex B – Additional presentation of simulation results 

The simulation results presented in Figure 3 and Figure 4 are shown here in terms of total UL Ec/N0, in a similar way to Figure 5.
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Figure 6:  HARQ ACK performance in Case1 channel
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Figure 7:  HARQ ACK performance in Case3 channel
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