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6.7.2
Evaluation and Benefits
6.7.2.1
Simulation assumptions

The following simulation assumptions are used for this evaluation:

2GHz carrier frequency

Pedestrian A channel – Rayleigh fast fading, classical Doppler spectrum, no shadowing

Rx diversity at Node B: 2 uncorrelated antennas

Channel estimation: 3 slots up to 40km/h, 1 slot at higher speeds

4% error rate (AWGN) on DL TPC commands

UL power control step size 1dB, algorithm 1

UL DPCCH SIR target set to give 4% TPC error rate; same SIR target in SHO as for non-SHO.

Interference in UL modelled as AWGN

Static ACK/NACK decision threshold

Average HS-SCCH failure rate = 0.01.

6.7.2.2
Performance targets

We consider two sets of performance targets, referred to here for simplicity as the “Tight Requirements” and “Relaxed Requirements” as follows:

Tight requirements without PRE/POST:

P(ACK->NACK) ≤ 0.01

 (where the notation “P(ACK->NACK)” refers to the probability that a transmitted ACK is decoded as a NACK.)

P(NACK->ACK) ≤ 0.0001

P(DTX->ACK) ≤ 0.01
Tight requirements with PRE/POST:

P(ACK -> (NACK or PRE or POST)) ≤ 0.01

P(NACK -> ACK) ≤ 0.0001

P((PRE or POST or DTX) -> ACK) ≤ 0.01
Relaxed requirements without PRE/POST:

P(ACK->NACK) ≤ 0.01

P(NACK->ACK) ≤ 0.001

P(DTX->ACK) ≤ 0.1
Relaxed requirements with PRE/POST:

P(ACK -> (NACK or PRE or POST)) ≤ 0.01

P(NACK -> ACK) ≤ 0.001

P((PRE or POST or DTX) -> ACK) ≤ 0.1
The Relaxed Requirements are generally considered sufficient for “difficult” radio conditions such as high speeds or SHO. 

6.7.2.3
Simulation Results

6.7.2.3.1
Soft Handover

Figure 37 shows simulation results for SHO with N_acknack_transmit = 2 for the Relaxed Requirements.  For the PRE/POST scheme, two different HS-DSCH traffic loadings (20% and 80%) are shown, as this affects the ratio between packets which are first in a burst and those which are immediately preceded by other packets. The traffic model used specifies the probability of a packet being sent to the UE in any given sub-frame. No correlation is assumed between packet transmissions.  
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Figure37:  SHO, Relaxed Requirements, N_acknack_transmit = 2
It can be seen from Figure 37 that the PRE/POST scheme meets the Relaxed Requirements at all UE speeds and at both high and low loadings, without requiring a larger HS-DPCCH power offset than can be signalled according to the Release 5 specifications (where the maximum offset is 6dB). 

Figure 38 shows the power required to meet the Tight Requirements with N_acknack_transmit = 2. 

It can be seen from Figure 38 that the PRE/POST scheme can even meet the Tight Requirements in SHO at UE speeds above about 45km/h (where the effect of time-diversity is greater relative to the fading rate), although this may not be a necessary requirement. 
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Figure 38:  SHO, Tight Requirements, N_acknack_transmit = 2
6.7.2.3.2
Non Soft Handover

The PRE/POST scheme also gives benefit in non-SHO situations, as shown in Figure 39 for the Tight Requirements, with N_acknack_transmit set to 1. 
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Figure 39:  Non-SHO, Tight Requirements, N_acknack_transmit = 1
It can be seen from Figure 39 that the PRE/POST scheme enables the Tight Requirements to be met at speeds up to 40km/h, instead of only 20km/h with the Release 5 specifications. 

Figure 40 shows the power requirements for the Relaxed Requirements. It can be seen that the PRE/POST scheme enables the Relaxed Requirements to be met at all UE speeds, without requiring the use of repetition. (By contrast, the Release 5 specifications would need the use of repetitions at UE speeds higher than about 35km/h in order to meet the Relaxed Requirements).
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Figure 40:  Non-SHO, Relaxed Requirements, N_acknack_transmit = 1
In addition to improving the decoding performance of the ACK/NACK signalling, the PRE/POST scheme enables the Node B to distinguish between the UE having failed to detect the HS-SCCH signalling and the UE having detected the HS-SCCH signalling but failed to decode the HS-DSCH packet.

If the UE has failed to detect the HS-SCCH signalling, the UE will transmit either POST, or PRE, or DTX in 2 consecutive slots, whereas a NACK (or PRE+NACK for the first packet in a burst) would be transmitted if the UE had detected but failed to decode the packet. If full IR is being used, the error rate between PRE/POST/DTX+DTX and NACK is of interest.  In the simulations presented here, a maximum error rate of 0.03 is achieved in all circumstances, both for PRE/POST/DTX+DTX -> NACK and for NACK->PRE/POST/DTX+DTX.

This enables the Node B to select the best redundancy version with a high degree of confidence. 
6.7.2.3.3
Effect on Cell Coverage
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. 

Link budget calculation shows that a 1dB reduction in peak power capability reduces coverage area by 14% (7% radius). The following assumptions on beta factors are used here as a reference:-

	UL DTCH data rate
	16kbps
	32kbps
	`64kbps

	DPCCH/DPDCH amplitude ratio βc/βd
	14/15
	11/15
	8/15

	H-ARQ Ack/DPCCH amplitude ratio  βhs/βc
	24/15
	24/15
	24/15

	CQI/DPCCH amplitude ratio   βhs/βc
	15/15


The use of PRE/POST means that the peak power could be reduced by reducing the power of the ACK/NACK field, provided that 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 41(a). Then the power of all uplink channels could then be increased back to the peak power limit (see Figure 41(b)). This would lead to a coverage improvement, since the DPDCH is now transmitted at a higher power.
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Figure 41: 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 41(b)) has the overall effect of reducing the ACK/NACK power by 3dB, while increasing the DPCCH and DPDCH powers by 1.1dB. 

For the corresponding coverage improvement to be realised, the PRE/POST scheme must 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 Figures 37 – 40 above. In addition, further simulation results are given below for other channel models: AWGN, Case1 and Case3. Apart from the channel models, general simulation assumptions are as given in section 6.7.2.1, with the addition of the following:

· 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. 
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Figure 42:  HARQ ACK performance in AWGN channel
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Figure 43:  HARQ ACK performance in Case1 channel
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Figure 44:  HARQ ACK performance in Case3 channel

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.

These results confirm that the PRE/POST scheme can meet the 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, which can increase coverage. 

From link budget calculations, 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 41(b)) has the overall effect of reducing the ACK/NACK power by 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). 

6.7.2.4
Summary

Simulation results presented here show that the PRE/POST scheme achieves the following:

-
“Relaxed Requirements” met at all UE speeds in SHO, without needing more than 1 ACK/NACK repetition;

-
“Tight Requirements” met in SHO at UE speeds above 45km/h;

-
When not in SHO, “Tight Requirements” met with no repetitions at all speeds up to 40km/h (compared to only 20km/h with Release 5 specifications);

-
“Relaxed Requirements” met without repetitions at speeds higher than 40km/h when not in SHO.

· Worst-case error rate of 0.03 achieved for distinguishing between failed HS-SCCH detection and failed HS-DSCH CRC. 
When the UE is at the cell edge, the power saved from the HS-DPCCH by using the PRE/POST scheme can enable at least 1dB more power to be allocated to the DPCCH and DPDCH, resulting in a cell coverage area improvement of 14% for 64kbps UL (or 22% for 16kbps UL). 
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