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1. Introduction

As described in [1], there are two basic principles for the uplink structure related to HS-DSCH Hybrid ARQ:

· Synchronous uplink where the acknowledged TTI is identified by the transmission timing of the acknowledgement. In this case, the acknowledgement may consist of a single bit (binary Ack/Nack signaling).

· Asynchronous uplink, using a multi-level acknowledgement (multiple bits). 

As discussed at the joint RAN1/RAN2 meeting on HSDPA, there is a need to study the additional energy needed for multi-level acknowledgements, compared to the binary acknowledgement. This paper presents an initial such evaluation, based on ideal conditions. The paper assumes a 6-bit acknowledgement, i.e. 64 signaling alternatives for the multi-level acknowledgement. One possible signaling constellation is the use of 64-are bi-orthogonal coding.

2. Erroneous Detection Events

HARQ acknowledgement messages will be transmitted in the uplink in case of downlink HS-DSCH transmission.. There is a risk that an acknowledgement message transmitted from the UE will be misinterpreted as another acknowledgement message in Node-B. This section describes these erroneous detection events for the two different uplink structures described above.

There will always be downlink signaling that indicates for which UE(s) the HS-DSCH data is intended. This “UE identification” is either explicit or implicit in form of an HS-DSCH indicator on e.g. the associated DPCH. Occasionally the UE will not be able to correctly decode this downlink signaling, in which case no acknowledgement message will be transmitted. In this case, Node-B will still expect and try to detect an acknowledgement message from the UE.

In the subsections below the error events for each of the two uplink structures are described in more detail.

Binary Uplink Signaling
In the binary uplink signaling case there are in total three erroneous detection events of interest. The first two could occur if the UE first has detected and correctly decoded the downlink signaling. The first erroneous detection event is that an ACK is detected, given that a NACK was transmitted (HS-DSCH data not correctly decoded by the UE). The probability of this erroneous detection event will be denoted as 
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. The second erroneous detection event is that a NACK is detected, given that an ACK was transmitted (HS-DSCH data correctly decoded by the UE). The probability of this erroneous detection event will be denoted as 
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. The third and last erroneous detection event could occur if the UE does not detect the downlink signaling. In this case the UE will not transmit anything in the uplink, but Node-B will anyway try to detect something, and if an ACK is detected there is an error. The error event could be expressed as an ACK is detected, given that noting was transmitted. The probability of this erroneous detection event will be denoted 
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Figure 1 illustrates the possible transmitted signal points for the binary uplink signaling. In the receiver a threshold, 
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, is used. 
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 corresponds to having the threshold in the “0” point, and, 
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 corresponds to having the threshold in the “ACK” point. The threshold is preferably placed between the “0” point and the “ACK point”, since the most severe erroneous detection event is that an ACK is detected, given that a NACK was transmitted (see subsection 2.3 ). 


Figure 1. Illustration of possible transmitted signal points for 
the binary uplink signaling scheme.

2.1  Multilevel Uplink Signaling

 Also for the multilevel uplink signaling method there are three erroneous detection events of interest. The first two could occur when the downlink signaling has been received correctly by the UE, and consequently, a code word will be transmitted in the uplink. The first erroneous detection event occurs if a transmitted code word is detected as another code word (code word 
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 transmitted, code word other than 
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 detected). The probability of this error event is denoted as 
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. The second erroneous detection event occurs when a transmitted code word is not detected by Node-B. The probability of this error event is denoted as 
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. The last erroneous detection event occurs when the downlink signaling is not detected by the UE, consequently nothing is transmitted in the uplink, but Node-B still detects a code word. The probability of this error event is denoted as 
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Figure 2 illustrates the possible transmitted signal points for a simplified multilevel uplink signaling scheme (only 2 bits, i.e. 4 code words). In the receiver a threshold, 
[image: image12.wmf]T

, is applied. 
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 corresponds to having no threshold for ignoring a code word, and 
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 corresponds to having the threshold for ignoring a code word in the “cwx” point. The probability that a code word, cwx, is detected, given that a “0” was transmitted, 
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, is then the same as the probability that the detected signal value is located outside the threshold for ignoring a code word, given that “0” was transmitted.


Figure 2 Illustration of possible transmitted signal points for the 2-dimensional 
biorthogonal signaling scheme.

2.2  Error Rates

Table 1 and 2 below summarize the assumed required error rates for the different error events. The second column indicates the downlink signaling status, DS, for the different erroneous detection events. The third column describes the erroneous detection event in words. The fourth column indicates the effect of erroneous detection. The effect could be that either a MAC-hs HARQ retransmission is triggered, or that an RLC retransmission is triggered. The fifth and last column states the required erroneous detection rates. These rates are selected so that the influence on the overall TCP performance is negligible.

The erroneous detection events for the binary uplink signaling are summarized in Table .

Table 1 Erroneous detection events for the binary uplink signaling.

Expression
DS
Description
Retransm.
Req. perf.

P(ACK det ( NACK tx)
detected
NACK transmitted, ACK detected
RLC
10-4

P(NACK det ( ACK tx)
detected
ACK transmitted, NACK detected
MAC-hs
10-2

P(ACK det ( 0 tx)
missed
Nothing transmitted, ACK detected
RLC
10-2

The probability of that an ACK is detected, given that noting was transmitted, 
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, should be scaled with the probability that the downlink signaling is missed. A reasonable value for this could be 10-2.

The erroneous detection events for the multilevel uplink signaling are summarized in Table 2.

Table 2 Erroneous detection events for the multilevel uplink signaling.

Expression
DS
Description
Retransm.
worst case

Req. perf.

P(CW(cwx det(CW=cwx tx)
detected
(C)ACK transmitted, wrong code word detected
RLC 
10-4

P(CW ignored(CW=cwx tx)
detected
(C)ACK transmitted, “nothing” detected
MAC-hs
10-2

P(CW=cwx det(0 tx)
missed
Nothing transmitted, (C)ACK detected
RLC
10-2

The probability of that a code word is detected, given that noting was transmitted, 
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, should be scaled with the probability that the downlink signaling is missed. As stated before, a reasonable value for this could be 10-2.

Results

The results presented below have been retrieved from ideal conditions, i.e. AWGN. This should basically correspond to perfect channel estimation and perfect power control.

Figure 3 shows the erroneous detection performance for the binary uplink signaling. The results have been obtained with the threshold set to 0.5.
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Figure 3 Erroneous detection performance for the binary uplink signaling.

In Figure 3 it can be seen that for the binary uplink signaling to obtain the performance requirements in Table 1 the required Eslot/N0 is 10.3 dB. In Figure 3 
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 have the same erroneous detection performance, this since the threshold is placed in between the “0” point and the “ACK” point. The erroneous detection rate for 
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 is well below 10-4 in the region of interest, and will hence not be limiting in this case.

Figure 4 shows the erroneous detection performance for the multilevel uplink signaling. The results have been obtained with the threshold for ignoring a code word set to 0.6.
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Figure 4 Erroneous detection performance for the multilevel uplink signaling.

In Figure 4 it can be seen that for the multilevel uplink signaling method to obtain the performance requirements in Table 2 the required Eslot/N0 is 12.8 dB. 

The required Eslot/N0 is 10.3 dB for the binary signaling method, and 12.8 dB for the multilevel signaling method, i.e. the required Eslot/N0 is 2.5 dB higher for multilevel signaling compared to binary signaling.

The relatively small difference between the two schemes is due to the P(ACK det ( 0 tx) and P(CW=cwx det(0 tx) dominating the overall performance of the binary signaling and the multilevel signaling, respectively. Hence, the larger number of signal alternatives in the multilevel scheme has a rather small impact as the performance asymptotically is determined by the shortest distance to a neighboring decision region. For the threshold used in the multilevel simulation (0.6), the distance from a code word to the “ignore” region in Figure  is smaller than the distance to a region of another code word and is thus dominating the performance.
3. Conclusions 

For the conditions considered in this document multilevel uplink signaling requires about 2.5 dB higher Eslot/N0 compared to binary uplink signaling. We propose that this be communicated to RAN2 to be taken into account in the RAN2 specification of Hybrid ARQ for HS-DSCH.
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APPENDIX

Binary uplink signaling

As earlier discussed, there are three erroneous detection events of interest for binary uplink signaling. These three events are given below together with an expression of the erroneous detection probabilities.
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Multilevel uplink signaling

As earlier discussed, there are three erroneous detection events of interest also for multilevel uplink signaling. These three events are given below together with an expression of the erroneous detection probabilities. For the first expression, 
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, no threshold for ignoring a code word has been considered.
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� For the multilevel signaling scheme it might be possible for MAC-hs to resolve an erroneous detection event. E.g. a missed ACK might be compensated for by a later CACK.
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