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1. Introduction

In [1] we presented the full details of the improved scheme for reducing the power requirement for the HSDPA hybrid ARQ ACK/NACK transmissions on the HS-DPCCH by means of extra NACK/PRE/POST transmissions on the HS-DPCCH, enabling the Node B to use a lower detection threshold. 

The improved scheme also 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.

In this document we present new simulation results for the improved scheme.

2. Simulation Results

General simulation assumptions are given in Annex A. A diagram showing the type of decoding method used for the POST/PRE scheme is shown in Annex B. This includes some small enhancements since the version previously circulated on the RAN WG1 email reflector. Other implementation approaches could be used.

The “original” and “relaxed” performance requirements are summarised in Annex A.

The “relaxed” performance requirements have been considered sufficient for “difficult” radio conditions such as high speeds or SHO. 

Figure 1 shows simulation results for SHO with N_acknack_transmit = 2 for the “relaxed” HS-DPCCH performance requirements.  For the POST/PRE 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. We assumed no correlation between packet transmissions.  
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Figure 1:  SHO, relaxed performance requirements, N_acknack_transmit = 2

It can be seen from Figure 1 that the POST/PRE scheme meets the performance 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 current specifications. 

Figure 2 shows the power required to meet the original performance requirements with N_acknack_transmit = 2. 

It can be seen from Figure 2 that the POST/PRE scheme can even meet the original 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 is not considered to be necessary. 
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Figure 2:  SHO, original performance requirements, N_acknack_transmit = 2

The POST/PRE scheme also gives benefit in non-SHO situations, as shown in Figure 3 for the original performance requirements, with N_acknack_transmit set to 1. 
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Figure 3:  Non-SHO, original performance requirements, N_acknack_transmit = 1

It can be seen from Figure 3 that the POST/PRE scheme enables the original performance requirements to be met at speeds up to 40km/h, instead of only 20km/h with the existing specifications. Clearly 20km/h cannot be considered a “high” speed, as required for the relaxed requirements to be applicable. 

Figure 4 shows the power requirements for the relaxed requirements. It can be seen that the POST/PRE scheme enables the relaxed requirements to be met at all UE speeds, without requiring the use of repetition. (By contrast, the existing 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 4:  Non-SHO, relaxed performance requirements, N_acknack_transmit = 1

In addition to satisfying the requirements for ACK and NACK errors, 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 POST/PRE/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 POST/PRE/DTX+DTX -> NACK and for NACK->POST/PRE/DTX+DTX.

This enables the Node B to select the best redundancy version with a high degree of confidence. 

4.  Conclusions

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

· Relaxed requirements met at all UE speeds in SHO, without needing more than 1 ACK/NACK repetition;

· Original requirements met in SHO at UE speeds above 45km/h;

· When not in SHO, original requirements met with no repetitions at all speeds up to 40km/h (compared to only 20km/h with existing specification);

· 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.

This scheme aims to achieve the right balance between HS-DPCCH performance improvement for Release 5 and simplicity. 

CRs are provided in [1].

5. References

[1]  R1-02-1334, "Scheme for meeting HS-DPCCH performance requirements for Rel-5", Philips

Annex A:  Simulation assumptions:

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.

Original requirements for current specification:

P(ACK->NACK) = 0.01

P(NACK->ACK) = 0.0001

P(DTX->ACK) = 0.01

Original requirements for POST/PRE scheme:

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 for current specification:

P(ACK->NACK) = 0.01

P(NACK->ACK) = 0.001

P(DTX->ACK) = 0.1

Relaxed requirements for POST/PRE scheme:

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

P(NACK -> ACK) = 0.001

P((PRE or POST or DTX) -> ACK) = 0.1

Annex B:  Decoding diagram for HS-DPCCH sub-frame N

The following diagram shows the type of decoding mechanism which can be employed in the Node B for the POST/PRE scheme. 

[image: image5.wmf] 

Was a packet transmitted in 

sub

-

frame N

-

1?

 

Was a packet transmitted in 

sub

-

frame N

-

2 and detected 

by the UE?

 

Correlate sub

-

frames N

-

1 and N 

together with PRE+ACK and 

PRE+NACK.

 

Choose greatest output or DTX. 

 

DTX threshold positions chosen to 

give:

 

-

 

P(DTX+DTX

-

>PRE+ACK)

< requirement (0.01 for 

original requirements, 0.1 

for relaxed requirements)

 

-

 

P(DTX

-

NACK) and 

P(NACK

-

>DTX) if “fu

ll” IR 

is used

 

Correlate sub

-

frame N

-

1 wi

th 

POST and PRE and choose 

greatest output

 

Integrate over sub

-

frame N and apply 

threshold to balance 

ACK

-

>NACK and 

NACK

-

>ACK  error 

rates

 

HS

-

DSCH Packet decoded correctly

 

HS

-

SCCH not detected by UE

 

HS

-

DSCH Packet 

decoding failed

 

Was a packet transmitted in 

sub

-

frame N

-

2 and detected 

by the UE?

 

Was packet in sub

-

frame 

N

-

1 detected by UE?

 

Was POST 

received in sub

-

frame N

-

1?

 

Was a packet transmitted 

in sub

-

frame N+1?

 

Correlate sub

-

frame N with 

ACK/NACK and POST.

 

Choose greatest output. 

 

Apply threshold to balance 

ACK

-

>NACK and NACK

-

>ACK 

error rates

 

Yes

 

Yes

 

Yes

 

Yes

 

Yes

 

No

 

No

 

No

 

No

 

No

 

Yes

 

No

 

ACK

 

ACK

 

ACK

 

NACK

 

NACK

 

NACK

 

POST

 

POST

 

     POST

 

 or 

PRE

 

PRE

 

PRE+ACK

 

PRE+NACK

 

Prior knowledge of Node B

 

Correlate sub

-

frame N 

with PRE and NACK.

 

Choose greatest 

output.

 

NACK

 

PRE

 

DTX

 

Correlate sub

-

frame N with 

ACK/NACK, POST and PRE.

 

Choose greatest output. 

 

Apply threshol

d to balance 

ACK

-

>NACK and NACK

-

>ACK 

error rates

 

Correlate sub

-

frame N with 

ACK/NACK, POST and PRE 

(in c

ase Node B knowledge of 

UE’s HS

-

SCCH 

detectionfailure is erroneous).

 

Apply threshold to detect DTX, 

set to give P(DTX

-

>ACK) < 

requirement.

 

Choose greatest output. 

 

Apply threshold to balance 

ACK

-

>NACK and NACK

-

>ACK 

error rates

 

DTX,

 

POST

 

 or 

 

PRE

 

NACK

 

ACK

 











_1097672099.bin

_1097678820.bin

_1097685075.doc


Was a packet transmitted in sub-frame N-1?







Was a packet transmitted in sub-frame N-2 and detected by the UE?







Correlate sub-frames N-1 and N together with PRE+ACK and PRE+NACK.



Choose greatest output or DTX. 



DTX threshold positions chosen to give:



P(DTX+DTX�>PRE+ACK)< requirement (0.01 for original requirements, 0.1 for relaxed requirements)



P(DTX-NACK) and P(NACK->DTX) if “full” IR is used







Correlate sub-frame N-1 with POST and PRE and choose greatest output







Integrate over sub-frame N and apply threshold to balance ACK->NACK and NACK->ACK  error rates







HS-DSCH Packet decoded correctly







HS-SCCH not detected by UE







HS-DSCH Packet decoding failed







Was a packet transmitted in sub-frame N-2 and detected by the UE?







Was packet in sub-frame N-1 detected by UE?







Was POST received in sub-frame N-1?







Was a packet transmitted in sub-frame N+1?







Correlate sub-frame N with ACK/NACK and POST.



Choose greatest output. 



Apply threshold to balance ACK�>NACK and NACK�>ACK error rates







Yes







Yes







Yes







Yes







Yes







No







No







No







No







No







Yes







No







ACK







ACK







ACK







NACK







NACK







NACK







POST







POST







     POST



 or PRE







PRE







PRE+ACK







PRE+NACK







Prior knowledge of Node B







Correlate sub-frame N with PRE and NACK.



Choose greatest output.







NACK







PRE







DTX







Correlate sub-frame N with ACK/NACK, POST and PRE.



Choose greatest output. 



Apply threshold to balance ACK�>NACK and NACK�>ACK error rates







Correlate sub-frame N with ACK/NACK, POST and PRE (in case Node B knowledge of UE’s HS-SCCH detectionfailure is erroneous).



Apply threshold to detect DTX, set to give P(DTX�>ACK) < requirement.



Choose greatest output. 



Apply threshold to balance ACK�>NACK and NACK�>ACK error rates







DTX,



POST



 or 



PRE







NACK







ACK












_1097675296.bin

_1097670249.bin

