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1. Introduction

A number of documents have been presented recently concerning the structure of the HS-SICH for TDD [1, 2, 3]. Whilst these contributions have been valuable in evaluating the performance of the HS-SICH in different environments, the arguments presented have two main flaws –

i)
it has been assumed by Samsung that the power offset applied to the HS-SICH when transmitting an ACK is applied to the ACK/NAK field only, when in fact it is applied to the whole HS-SICH burst, including the CQI fields.

ii)
the contributions have consistently failed to correctly account for the 3-state decision process required on the ACK/NAK field when the possibility exists that nothing at all (DTX) may be sent by the UE, even though the NodeB is expecting a transmission. This will occur when the HS-SCCH is misread by the UE. An analysis of this situation is contained in [4] for FDD, and is presented here again specifically for 1.28 Mcps TDD.

In this contribution, the current and proposed structures for the HS-SICH are re-analysed taking into account these issues.

2. ACK/NAK/DTX error requirements for 1.28 Mcps TDD

The error requirements for ACK/NAK signalling are given in [4], and are equally applicable to TDD as the same H-ARQ protocol is used for both systems. The constraints listed in Section 3 of [4] are most relevant to TDD, and are repeated below –

P(ACK | NAK) ( 10-4

P(NAK | ACK) ( 10-2
P(DTX | ACK) ( 10-2
P(ACK | DTX) ( 10-2
3. HS-SICH transmit power requirements for 1.28 Mcps TDD

As was shown in [4], the above error requirements lead to significantly higher transmit power requirements when an ACK is being transmitted rather than an NAK. The transmit power requirements for an ACK can be computed directly from the following two constraints –

P(DTX | ACK) ( 10-2
P(ACK | DTX) ( 10-2
A method of analysis is contained in [4], but we can exploit the symmetry of the above error requirements by noting that the decision process is equivalent to unipolar binary amplitude shift keying (BASK), the performance of which in an AWGN channel is given by –
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where Pe is the probability of an error, which in this case should be less than 1%. This gives an Eb/N0 requirement of 7.3 dB, but it is important to note that this is the average Eb/N0 requirement. Since a DTX contains no energy, the Eb/N0 requirement when an ACK is being transmitted is 3 dB higher, or 10.3 dB.

In a Rayleigh fading environment, the probability of error with BASK is approximately given by –
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which given an average Eb/N0 requirement of 17.0 dB, or 20.0 dB when an ACK is being transmitted. Note that both these Eb/N0 requirements are 6 dB higher than the corresponding requirement for a 1% crossover probability when a 2-state decision process is used for the ACK/NAK field.

4. Comparison of existing HS-SICH structure with new proposal

In the following comparison, the quality targets assumed by Samsung for the CQI field are assumed to apply. These targets are a 1% BER for the RMF field and a 1% BLER requirement for the RTBS field. It should be noted that, whilst these targets seem reasonable, no formal evaluation of these quality targets has yet been presented.

4.1 AWGN environment

In [1], Samsung compare the existing HS-SICH structure with their own proposal in an AWGN environment. Their results are reproduced below –
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Figure 1 : Performance of current HS-SICH structure in AWGN environment
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Figure 2 : Performance of proposed HS-SICH structure in AWGN environment

The first point to note about these results is that the scaling is incorrect. For coherent QPSK detection, a 1% BER requires an Eb/N0 of 4.3 dB. In the current structure, the ACK/NAK field consists of 18 symbols (36 bits), and hence the Es/N0 requirement is 4.3 – 10۰log10(18) = -8.2 dB, and not the –11.2 dB shown in Figure 1. Hence it is concluded that Samsung have defined Es to be the energy per despread raw bit, rather than energy per despread raw symbol, as might be expected. Similar conclusions apply to Figure 2.

In [1], it was concluded that the proposed scheme was superior as the required HS-SICH Es/N0 is determined by the RTBS field in both cases, and the proposed structure has superior performance due to the use of (48, 6) coding rather than (32, 6). However, this conclusion ignores the fact that the operating point for the ACK/NAK field when an ACK is being transmitted is 6 dB higher than that shown for the plotted performance curve for the reasons described in Section 3 above.

For the current structure, this translates to an Es/N0 requirement (as defined by Samsung) of –5.2 dB, and for the proposed structure, to an Es/N0 requirement (as defined by Samsung) of –3.5 dB. For the current structure, the limiting factor is thus still the RTBS field, with an Es/N0 requirement (as defined by Samsung) of –4.2 dB. For the proposed structure, however, the ACK/NAK field now becomes the limiting factor. Hence the current structure has a lower Es/N0 requirement (as defined by Samsung) when an ACK is being transmitted of –4.2 dB, compared to –3.5 dB for the proposed structure. Since it is expected that 90% of the UE’s transmissions will be ACKs, it is concluded that the current structure has a lower transmit power requirement than the proposed structure.

4.2 Rayleigh fading environment

In [3], Samsung compare the existing HS-SICH structure with their own proposal in a Rayleigh (flat) fading environment. Their results are reproduced below –
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Figure 3 : Performance of current HS-SICH structure in a Rayleigh fading environment
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Figure 4 : Performance of proposed HS-SICH structure in a Rayleigh fading environment

The same error in Es/N0 definition that was made for the AWGN results also appears to have been made for these results. It is also noted that the Es/N0 requirement for the ACK/NAK field for a 1% BER appears to be around –2 dB for both the existing and proposed HS-SICH structures, which obviously cannot be true for both cases. In a Rayleigh fading environment, the required Eb/N0 for the ACK/NAK field for a 1% BER is approximately 14 dB, which corresponds to an Es/N0 (as defined by Samsung) of –1.6 dB for the current scheme and 0.2 dB for the proposed scheme, and these figures will be assumed for the purpose of this analysis.

The required Es/N0 (as defined by Samsung) for the ACK/NAK field is again 6 dB higher than the 1% BER operating point, for the reasons described in Section 3. This gives required Es/N0 values (as defined by Samsung) for the ACK/NAK field of 4.4 dB and 6.2 dB respectively. The required Es/N0 (as defined by Samsung) for a 1% BLER on the RTBS field is 10 dB and 7.5 dB respectively, as can be seen from Figure 3 and Figure 4. Hence, in this case, the RTBS field is the limiting factor in determining the required Es/N0 for the HS-SICH when transmitting an ACK, and it can be seen that the proposed structure has a 2.5 dB advantage over the existing structure.

5. Conclusions

Samsung’s analysis of their proposed HS-SICH structure ([1], [2], [3]) has been re-analysed taking into account the need for the NodeB to operate a 3-state decision process on the ACK/NAK field in order to detect when no HS-SICH transmission has been made by the UE. It was found that the existing structure gives better performance in an AWGN environment, whilst the proposed structure gives better performance in a Rayleigh fading environment. Other environments have not been analysed.

It is apparent, however, from the above analysis and that of Samsung, that both schemes provide adequate protection for the information they are required to carry. Since HSDPA services will in any case be limited by downlink capacity, it is not clear that any significant system wide benefit can be derived from further optimisation of the HS-SICH structure. As implementing the Samsung proposal requires a complexity increase in the UE (see [2]), it is concluded that the case for further optimisation of the HS-SICH structure over the existing scheme is unproven, and the Samsung scheme is unnecessary.
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