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1 Introduction
It is proposed in this contribution that, new detection criteria for HARQ-ACK performance of 4C-HSDPA should be introduced. Because the detection criteria based on codeword level is not suitable for 4C-HSDPA case, as the HARQ-ACK codewords consist of more HARQ-ACK messages. 
2 Discussion
2.1 Definitions
HARQ-ACK message and HARQ-ACK codeword are defined as:
· HARQ-ACK message: ACK, NACK or DTX message for one DL data stream per TTI.

· HARQ-ACK codeword: consisting of HARQ-ACK messages for all data streams. 

In single cell (SC) case, ACK and NACK messages are mapped to a codeword respectively, so there no difference of HARQ-ACK messages and HARQ-ACK codewords. However, in the cases of Rel-7 MIMO, Rel-8 DC, or Rel-9 DC-MIMO, two or more HARQ-ACK messages are mapped to one HARQ-ACK codeword. For example, if a UE responds ACK, ACK, NACK, and NACK messages respectively for 4 data streams transmitted from NodeB in one TTI in DC-MIMO mode, the UE shall map the 4 HARQ-ACK messages to one HARQ-ACK codeword AA/NN (abbreviation of ACKACK/NACKNACK).
2.2 HARQ-ACK detection criteria of SC case
In the current specification TS25.141, the performance requirement of HS-DPCCH signaling detection is determined by two parameters: the probability of false detection of ACK P(DTX->ACK) and the probability of mis-detection of ACK P(ACK->DTX or NACK).
 These two parameters are corresponding to so-called RLC retransmission and extra PHY retransmission probability. In fact, the RLC retransmission can be caused by ‘false detection of ACK’ (DTX->ACK), and can also be caused by NACK->ACK error, which can be ignored in SC case due to the large code distance between ACK and NACK codewords, but cannot in other cases such as DC, DC+MIMO, and so on. Hence, the NACK->ACK error should be taken into account in ‘false detection of ACK’, too.
2.3 How to evaluate HARQ-ACK performance in 4C-HSDPA case
The possible HS-DPCCH designs for 4C-HSDPA are shown in Figure 1, 
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Figure 1 TDM of HS-DPCCH1 and HS-DPCCH2, 1xSF128 scheme
HARQ-ACK messages of carrier 1 and 2 are mapped to the first half-slot of HARQ-ACK field, and messages of carrier 3 and 4 are mapped to the second half-slot of HARQ-ACK field. If we consider the 20 bit sequence as a codeword, then we can say that  HARQ-ACK messages {A1, A2,…, Ak, …} of all carriers or data streams are mapped to a codeword C, which is shown in Figure 2.
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Figure 2 

The detection criteria based on codeword level is not suitable for 4C-HSDPA,
· The mis-detection of a codeword could not reflect the mis-detection of ACK message of a stream or a carrier exactly.
· For example, a codeword A/A/A/N being detected as A/A/A/D codeword, from the view of codeword level detection, it does be a mis-detection of a codeword; however in the message level, there is only a non-significant error (N->D)
· The false alarm of codewords couldn’t reflect the false detection of ACK message of a stream or a carrier exactly, either
· The probability of sending DTX codeword (DTX message for each carrier) is too small to take it into account. If data is transmitted on 4 DL carriers, the UE would feedback DTX codeword with the probability of up to 10-8.

· The mis-detection of any codewords consisting of NACK or DTX message may cause (N->A) or (D->A) error, not only the DTX codeword. For example, A/N/D/D being detected as A/A/A/A.

From the analysis above, we believe that new criterion of HARQ-ACK performance evaluating is  necessary  in the case of 4C-HSDPA. One promising way is using probability of RLC retransmission and extra PHY retransmission as detection criteria, which means that we should evaluate HARQ-ACK performance of 4C-HSDPA in message level. And then we may ignore how the HARQ-ACK messages are encoded and decoded, and only pay attention to the detection performance of messages, shown in Figure 3. 
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Figure 3 

The new detection criteria with the probability of RLC retransmission and extra PHY retransmission as parameters can be described as:

· Transmit random message Ak (out of {A, N, D}), which is subject to 
· For each data stream, Pr [A, N, D] = [PA, PN, PD] (e.g. = [0.9, 0.09, 0.01]), k=1,2,…
· If Am and An is correspond to the 2 message for 2 data stream of a MIMO carrier, they should satisfy 
      Pr(AA) + Pr(AN) = Pr(AA) + Pr(NA) = PA;  Pr(AN) + Pr(NN) =  Pr(NA) + Pr(NN) = PN; Pr(DD) = PD.
· 
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 is the probability of ACK messages being detected as NACK or DTX in carrier k (or data stream k)
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They can be statistic in simulation as 
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· The RLC and extra PHY transmission probability can be recognized as extension of the probability of false detection of ACK and the probability of mis-detection of ACK.
Proposal 1 : HARQ-ACK performance of 4C-HSDPA should be evaluated in message level.
Proposal 2 : Use probability of RLC retransmission and extra PHY retransmission as detection criteria.
3 Conclusion
The HARQ-ACK detection criteria is discussed in this contribution and we proposed that, 
Proposal 1 : HARQ-ACK performance of 4C-HSDPA should be evaluated in message level.
Proposal 2 : Use probability of RLC retransmission and extra PHY retransmission as detection criteria.
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