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1. Introduction

As was firstly proposed in RAN4 Ad-Hoc2 [1], it is necessary to discuss HS-DPCCH HARQ performance requirements. In this contribution, an analysis for all kinds of codebook combination cases for HARQ-ACK is presented.  Subsequently, the new false alarm and misdetection method for 4C-HSDPA are discussed.
2. Discussion
In this contribution, we discuss the scenario combinations for 4C-HSDPA. In our opinion, the performance testing scenarios can be divided by the following methods step by step.

· SF=256: 3 carrier without MIMO configured
· 3 carrier activated 
· SF=128: 3 carrier with at least one MIMO and 4 carrier with any MIMO configured
· 3 carrier activated
· With 0,1,2, or 3 MIMO carriers
· Codebook combinations
· 4 carrier activated 
· With 0,1,2,3, or 4,MIMO carriers
· Codebook combinations
In the Annex, we provide our specific cases of classification. In cases when the different codeword combinations yield the same performance, they have been clubbed together into the same row.
Considerations for the specific requirement of HS-DPCCH demodulation
When the spreading factor is 256, as there is only one codebook, it will be easy to make the performance requirement. While in spreading factor 128 case, in our opinion, there are three kinds of performance requirement schemes:

· Scheme1- Requirement according to the number of activated carriers
We select the worst four-activated-carrier codeword combination as the demodulation performance requirement of four-activated-carrier class. Likewise, we select the worst three-activated-carrier codeword combination as the demodulation performance requirement of three-activated-carrier class. It’s easy to see that 4-carrier with 4 MIMO is the worst performance case for four-activated-carrier class and 3-carrier with 3 MIMO is the worst performance case for three-activated-carrier class. Then there are 2 performance requirements for three-activated-carrier and four-activated-carrier class altogether.

· Scheme2- Requirement according to the number of enabled MIMO streams
As there are five kinds of MIMO enabled scenarios for four-activated-carrier class, we select the worst codeword combination as the performance requirement of this testing scenario. Likewise, there are four kinds of MIMO enabled scenarios for three-activated-carrier class, we select the worst codeword combination as the performance requirement of this testing scenario. Then there are 9 performance requirements for 9 testing scenarios altogether.

· Scheme3- Requirement according to the different codeword combinations
As each codeword combination can provide one performance requirement, there will be 16 requirements for three-activated-carrier class. As for four-activated-carrier class, there will be 11 requirements.
We summarize the three schemes in table 1.

Table 1: HARQ-ACK testing cases for 4C-HSDPA

	Number of Activated Carriers (Scheme 1)
	Number of enabled MIMO streams (Scheme 2)
	HS-DPCCH codeword combinations (Scheme 3)

	4 (SF128)
	0; 1; 2; 3; 4
	16 codeword combinations

	3 (SF128)
	0; 1; 2; 3
	11 codeword combinations

	3 (SF256)
	0
	1 codeword combination


Proposal 1     In 4C-HSDPA HS-DPCCH HARQ testing cases, we consider the scheme of setting demodulation requirement according to the number of activated carriers is easy for testing implementation.
2.1. Metrics for HARQ-ACK Demodulation Performance
2.1.1.   False Alarm:
This is the event where the Node-B erroneously detects data on the HS-DPCCH channel when there was no data transmitted by the UE. In our opinion, this event occurs in two scenarios. 

· Scheme 1   The UE does not transmit any data on the HS-DPCCH channel but the Node-B detects data on the uplink. In this case, a false alarm occurs when the code word is decoded to any codeword in the codebook, including the DTX codeword. This means if the decoded codeword is the DTX codeword, then a false alarm event is also recoded.
As for scheme 1, there are the following advantages: 
(1) It will not take care of the power offset for HS-DPCCH when transmitting DTX. 

(2) It will be easy to make a definite detection threshold. 

(3) It can keep accordance with the former definition of false alarm in specification.
· Scheme 2   The UE transmits ACK/NACK information on the HS-DPCCH channel for one or more downlink data streams but transmits DTX as for a particular stream. In this case, a false alarm occurs if there is a decoding error at the NodeB that causes the NodeB to assume an ACK or NACK instead of the DTX. For example: If the transmitted codeword is A/D/D/D and the NodeB erroneously decodes the codeword as A/D/D/A, then a false alarm is recorded for the fourth stream.[3]
As for scheme 2, there are the following drawbacks:
(1) It will be necessary to consider the different power offset for HS-DPCCH, which will lead to different performance requirements.

(2) It will not be easy to give a certain threshold mapping to the false alarm requirement. 

In all, compared with scheme 1, this is a complicated scheme for testing implementation. 

2.1.2.   Misdetection and decoding error probability: 
This event occurs when the UE transmits data on the HS-DPCCH channel but the Node-B does not receive the transmitted data. Misdetection [3] is the combination of the following two events 
· The NodeB does not detect the presence of data on the HS-DPCCH channel but the UE has transmitted data. This occurs because the DTX detector does not detect the transmitted signal.

· The NodeB detects the presence of data on the HS-DPCCH channel but decodes the data incorrectly. In this case, an ACK or NACK transmission is decoded as a DTX/NACK or DTX/ACK transmission respectively. Note that since D->A/N are recorded as false alarms, they are not recorded here as misdetection or decoding errors.
The combined misdetection and decoding error probability [4] is evaluated on per-stream basis.
· Misdetection occurs when the UE transmits a codeword (including the new DTX codeword) but the Node-B does not detect any transmissions on HS-DPCCH. 
· Similarly a decoding error occurs when the UE transmits a codeword (including the new DTX codeword), the Node-B detects that a codeword was transmitted but fails to decode the codeword properly.
 We therefore require that 
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Where PMED(i) represents the probability of misdetection or decoding errors for stream i.
Further, in order to distinguish the possibility of PHY layer retransmission and RLC layer retransmission in the metrics of Misdetection and decoding error probability. We define the following metrics:
· 
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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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 is the probability of NACK or DTX messages being detected as ACK in carrier k (or data stream k)
Denote PPHY and PRLC as the average RLC and PHY retransmission probability of all streams. They can be statistics in simulation as 
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Introduction of PPHY and PRLC can make a further clarification to the metrics of misdetection and decoding error probability. As the cost of PHY retransmission is different with the cost of RLC retransmission, it will be reasonable to distinguish the probability of PHY retransmission and RLC retransmission. 

Proposal 2    We consider the scheme 1 of false alarm requirement combined with the misdetection and decoding error probability requirement is a reasonable solution for 4C-HSDPA HARQ-ACK demodulation requirement.
3. Conclusion
Proposal 1     In 4C-HSDPA HS-DPCCH HARQ testing cases, we consider setting demodulation requirement according to the number of activated carriers is easy for testing implementation.
Proposal 2    We consider the scheme 1 of false alarm requirement combined with the misdetection and decoding error probability requirement is a reasonable solution for 4C-HSDPA HARQ-ACK demodulation requirement.
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5. Annex

Table 2   3-activated-carrier with SF256 (codebook in [2], section 4.7.3C.1, table 15C.3) [3]
	Number of activated MIMO streams
	Codeword combination

	0*(configured)
	S/S/S


Table 3   3-activated-carrier with SF128 (codebook in [2], section 4.7.3B.1, table 15C.2) [3]
	Number of activated MIMO streams
	Codeword combination

	3
	M/M/M/D

M/D/M/M

	
	M/M/D/M

D/M/M/M

	2
	M/M/D/S

D/S/M/M

	
	M/M/S/D

S/D/M/M

	
	M/S/M/D

M/D/M/S

	
	M/S/D/M

D/M/M/S

	
	S/M/M/D
M/D/S/M

	
	S/M/D/M
D/M/S/M

	1
	M/S/S/D

S/D/M/S

	
	M/S/D/S

D/S/M/S

	
	S/M/S/D

S/D/S/M

	
	S/M/D/S

D/S/S/M

	
	S/S/M/D

M/D/S/S

	
	S/S/D/M

D/M/S/S

	0
	S/S/S/D

	
	S/S/D/S


Table 4   4-activated-carrier with SF128 (codebook in [2], section 4.7.3B.1, table 15C.2) [3]
	Number of activated MIMO streams
	Codeword combination

	4
	M/M/M/M

	3
	M/M/M/S

M/S/M/M

	
	M/M/S/M

S/M/M/M

	2
	M/M/S/S

S/S/M/M

	
	M/S/M/S

	
	S/M/S/M

	
	S/M/M/S

	
	M/S/S/M

	1
	M/S/S/S

S/S/M/S

	
	S/M/S/S

S/S/S/M

	0
	S/S/S/S
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