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1 Introduction
The performance requirement of HS-DPCCH signaling detection is defined in 25.141. In the case of Single Cell with MIMO (Rel-7 MIMO), Dual Cell (DC), Dual Cell with MIMO (DC-MIMO), or the further Multi-Cell (MC), more consideration should be taken into account, as the HARQ-ACK signals consist of more complex combination of HARQ-ACK messages.
2 Discussion
2.1 Definitions

· HARQ-ACK message: ACK, NACK or DTX message for one DL data stream per TTI.

· HARQ-ACK signal (or codeword): consisting of HARQ-ACK messages for all data streams. It is a 10 bit sequence unless all HARQ-ACK messages are DTX (can be named DTX signal or DTX codeword). 
In single cell (SC) case, ACK and NACK messages are mapped to a signal respectively, so we do not distinguish HARQ-ACK messages and HARQ-ACK signals. 
However, in the cases of Rel-7 MIMO, DC, and DC-MIMO two or more HARQ-ACK messages are mapped to one HARQ-ACK signal. 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 signal AA/NN (abbreviation of ACKACK/NACKNACK).
2.2 Discussion on performance requirement in current specification
In the current specification TS25.141, the performance requirement of HS-DPCCH signalling 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). 

The current specification only applies the SC case, but Rel-7 MIMO, DC and DC+MIMO cases are not included. The parameter ‘false detection of ACK’ and ‘mis-detection of ACK’ may NOT suitable for these cases. Here are the reasons:
· UE transmits HARQ-ACK signals which consist of not only one ACK or NACK message but also several HARQ-ACK messages. 
2.3 Modification of specification

Some similar criterions would be considered to be applied to all the cases. There are two feasible solutions as the following:
A Use ‘false detection of non-DTX signals’ and ‘mis-detection of signal including ACK messages for each data stream’  
· The ‘the probability of false detection of non-DTX  signals’ is defined as the probability of a DTX signal being false-detected as any non-DTX signals: P(DTX->non-DTX)
· The ‘the probability of mis-detection of signal including ACK messages for each data stream’: the signals including ACK messages are A, AA, A/A, A/AA, AA/A, AA/AA. For example, in DC case, the ‘the probability of mis-detection of signal including ACK messages for each data stream’ is P(A/A->non-A/A).
Or,

B Use ‘average RLC retransmission PRLC’ and ‘average extra PHY retransmission Pe-PHY’ 

· The average RLC retransmission is defined as an average probability of erroneous detection of DTX or NACK to ACK in all data streams.
· The average extra PHY retransmission is defined as an average probability of erroneous detection of ACK to DTX or NACK in all data streams.
Solution A is a natural extension of current specification. However solution B may be more suitable solution for all cases.
Here are the reasons:
· In DC and SC case, the probability of DTX signal transmitted by UE is quite different. As a DTX signal is transmitted only when all HS-SCCHs are mis-detected. The probability of DTX is up to 1% in SC case, and 1%×1%=0.01% in DC case, according to the demodulation performance requirement of HS-SCCH, which is 1% or less. 

· On the other hand, the ‘DTX’ message distributes in HARQ-ACK signals, e.g. the ACK/DTX signal includes a ‘DTX’ message for the secondary cell, but is not calculated as ‘DTX’ signal by definition.
· In fact, what we should pay attention to is the performance of RLC retransmission caused by ‘false alarm of ACK’. The RLC retransmission 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, but cannot in other cases such as DC and DC+MIMO. Hence, the NACK->ACK error should be taken into account either. 
· There are similar reasons for the ‘mis-detection of signal including ACK signals for each data stream’, but ACK ->DTX or NACK results in extra PHY retransmission. Moreover, signal pair-wise error like A/A->N/N is more serious than A/A->A/N, since there are two A->N errors in the former and only one A->N in the latter.
For the reasons above, solution B is designed as a more suitable alternative. 
· For  all cases,
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They can also be evaluated as:
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Where, U and V are signals of set 
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; P(U) is the probability of sending U; P(U,V) is the pair-wise error detection mainly depending on the received SNR and code distance of U and V; StreamNum denotes the number of data streams; We-PHY(U,V) denotes the total error number of ‘ACK to DTX or NACK’ when signal U is transmitted by UE but detected as V by NodeB; WRLC(U,V) denotes the total error number of ‘DTX or NACK to ACK’ when signal U is transmitted by UE but detected as V by NodeB. For example, We-PHY (A/N, D/A)=1, WRLC(A/N, D/A)=1, We-PHY (A/A, N/N)=2, WRLC(A/A, N/N)=0.
· Take the SC case as an instance, 

Pe-PHY=P(A)* We-PHY(A,D)*P(A,D)+ P(A)* We-PHY(A, N)*P(A, N)+P(N)* We-PHY(N,A)*P(N,A) 




+ P(N)* We-PHY(N,D)*P(N,D)+P(D)* We-PHY(D,A)*P(D,A)+ P(D)* We-PHY(D,N) *P(D,N)



  =P(A)* 1*P(A,D)+ P(A)* 1*P(A, N)+P(N)*0*P(N,A)+ P(N)*0*P(N,D)+P(D)*0*P(D,A)+ P(D)*0*P(D,N)



  = P(A)* 1*P(A,D)+ P(A)* 1*P(A, N)] = P(A)*[P(A,D)+P(A, N)] = P(ACK)*P(ACK->DTX or NACK);


PRLC = … + P(N)*1*P(N,A)+…+ P(D)*1*P(D,A)+…=  P(N)*P(N,A)+P(D)*P(D,A)≈P(DTX)*P (DTX->ACK);
Note: P(N,A)=P(NACK->ACK)≈0, when the ‘false alarm of ACK’ P(DTX->ACK)=1% and the ‘mis-detection of ACK’ P(ACK->DTX or NACK)=1%. 
2.4 Impact on specification

As no performance requirement has been defined for Rel-7 MIMO, DC, DC-MIMO cases, the description of performance requirement for these cases should be appended.
In SC case, the 2 new parameters of either solution A or B have no essential difference with the old parameters. The new ones of solution A is nature extension of  the old ones, while the new ones of solution B only take the probability of transmitting signals into account. The old parameters can either be kept or be replaced.
3 Conclusion 

In this contribution, we introduced 2 new parameters as new criteria for ACK/NACK demodulation performance.  the probability of average RLC retransmission and the probability of average extra PHY retransmission as. 

Proposal 1   Use the two new parameters of solution A. It is the minimum modification of current specification. That is to use ‘false detection of non-DTX signals’ and ‘mis-detection of signal including ACK messages for each data stream’ 

Or, 
Proposal 2   Use the two new parameters of solution B. That is to use ‘average RLC retransmission PRLC’ and ‘average extra PHY retransmission Pe-PHY’ as new universal criterion for HARQ-ACK performance. And  the proposed two parameters may only be applied in the case of Rel-7 MIMO, DC, DC+MIMO, and further MC regarding to the impact on current performance requirement.
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