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1
Introduction
4C-HSDPA HS-DPCCH performance requirements were discussed during the past RAN4 meetings [1-3]. Based on them, open issues were identified and summarized in [4]. In this document, we continue the discussion and suggest a way forward to specify the requirements that would simplify testing while ensuring that all the error events and scenarios are taken into account.
2
Performance Measures for HS-DPCCH
The first point of contention is whether to use per-stream metric or codeword metric. There have been two options proposed so far:

· Stay with the legacy codeword metric, as proposed in [2]
· Record the error events on a per stream basis and average the results, as proposed in [3]
The two options are especially pertinent for the specification of the ACK mis-detection requirements and in the following, an explanation is provided detailing why the per-stream determination of mis-detection is the appropriate measure for computing misdetection.

The primary objective of specifying ACK mis-detection is to reduce the number of unnecessary physical layer retransmissions. Since the UE has decoded the HS-PDSCH data on the downlink and transmits an ACK on the uplink, additional retransmissions due to the misdetection of the ACK only serves to impact the downlink throughput. In the single carrier case, the ACK-misdetection requirement was set to be 1% - which in turn means that additional physical layer retransmissions occur only 1% of the time. In the case, of 4C-HSDPA, we seek to establish a similar requirement. 

Consider a scenario where HARQ-ACKs are transmitted for 4 data streams (this could, for instance, correspond to 4 active non-MIMO carriers). The following examples can be easily extended to cases where ACK’s are not transmitted for all streams.
Case A

Consider the case when the misdetection error events in each data stream are completely dependent. In this case, if a NACK or DTX is decoded for a single stream, then a NACK or DTX is also decoded for the other streams as well. For the sake of simplicity, let us assume that NACKs are decoded for all the streams – the argument holds even for the case when DTX is decoded.

A/A/A/A ( N/N/N/N

Codeword based Misdetection Computation

In this case, each time this error event occurs, it is counted as a misdetection event. If this event occurs once every 100 times on average, then the ACK-misdetection probability is computed to be 1%

Per-stream Misdetection Computation

In this case, each time this error event occurs, an ACK misdetection event is counted for each stream. If this event occurs once every 100 times on average, then the ACK-misdetection probability for each stream is computed to be 1%. The overall ACK-misdetection is computed as the average of the misdetection probabilities for each stream as
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Therefore, the overall ACK-misdetection is also 1% as in the codeword based misdetection computation.
Discussion

As seen above, in the case where the error events are completely dependent – Case A, the misdetection probability is the same when the codeword based computation or the per-stream computation is used. Since NACKs are received for all streams whenever an error event occurs, this would lead to retransmissions of all the data streams. Therefore, additional/unnecessary physical layer retransmissions occur 1% of the time for all data streams which is the same requirement that was specified in the single carrier/stream case. 

This example was constructed to show the case when the two options yield the same misdetection probability. However, clearly error events are not always completely dependent. Cases where NACKs are not received for all streams result in different misdetection probabilities for the two options. We show one such case below.
Case B

Consider the case when the misdetection error events in each data stream are independent. In this case, if a NACK or DTX is decoded for a single stream, then a NACK or DTX is not necessarily decoded for the other streams. 
Event 1: ACK’s are transmitted for all data streams, and a decoding error occurs at the NodeB such that the decoded codeword is NACK for stream 1.

A/A/A/A (N/A/A/A

Similarly we define the following events where a NACK is decoded for streams 2, 3 and 4.

Event 2: A/A/A/A (A/N/A/A

Event 3: A/A/A/A (A/A/N/A

Event 4: A/A/A/A (A/A/A/N

For the sake of simplicity, let us assume that the following events occur on average once every 100 times. Of course, the argument holds for the general case as well.

Codeword based Misdetection Computation

In this case, each time any one of the error events 1, 2, 3 or 4, it is counted as a misdetection event. If each of the events occurs once every 100 times on average, then the ACK misdetection probably computed by this methodology is 4%.
Per-stream Misdetection Computation

In this case, each time error events 1, 2, 3 or 4 occur, an ACK misdetection event is counted for the corresponding stream. If each of the events occurs once every 100 times on average, then the ACK-misdetection probability for each stream is computed to be 1%. The overall ACK-misdetection is computed as the average of the misdetection probabilities for each stream. Therefore, the overall ACK-misdetection is also 1%.
Discussion

As seen above, in Case – B, the per-stream computation and the codeword computation yield different misdetection probabilities. However, it is important to note that the number of additional retransmissions that occur in Case B is the same as in Case A – i.e., additional retransmissions in each stream occur 1% of the time. If we accept the single carrier requirement of 1% misdetection, then the misdetection probability in this case should also be 1%. Since the per-stream computation methodology computes the misdetection probability per stream, the overall misdetection probability is 1% - the same as in Case A.
The codeword based computation yields a higher misdetection probability – 4%. Even though the number of retransmissions is the same as in Case A, the computed misdetection probabilities are different if we use this methodology. Consequently, a target of 1% overall misdetection probability would result in much higher HS-DPCCH energy requirements. The misdetection probability and the number of additional physical layer retransmissions become no longer aligned. The number of retransmissions would be much lower on a per-stream basis which is a departure from the single carrier requirements that have been specified. 

The examples above have been constructed for the cases where the error events that occur are completely dependent or independent. However, the same rationale holds for partially dependent cases as well. In any example that can be made, the codeword based computation would yield a higher misdetection probability leading to more stringent requirements.
Based on the arguments above, the following proposal is made.
Proposal 1: Per stream metric is used for HS-DPCCH performance requirements.
As shown in [3], if the codewords containing ACK(s) are uniformly transmitted, DTX codeword to ACK false alarm probability will be confined within ACK mis-detection probability. Therefore, this metric could be skipped assuming the uniform transmission of codewords containing ACK(s) during the test.
Proposal 2: DTX codeword to ACK false alarm metric is not used, conditioning that the uniform transmission of codewords containing ACK(s) are assumed during the test.

Proposal 3: ACK false alarm and ACK mis-detection metrics are used for HS-DPCCH performance requirements.
3
Performance Targets

In order to guarantee the HSDPA performance on each stream, the following performance targets can be used for each stream:
1. ACK False Alarm: 1%

2. ACK Mis-detection: 1%
Overall the proposed HS-DPCCH performance requirement for 4C-HSDPA will be specified for the cases shown in Table 1.

Table 1: Proposed 4C-HSDPA HS-DPCCH performance requirements

	Propagation condition
	Received Ec/N0 [dB] (Test condition)

For BS with Rx Diversity
	Required error ratio

	
	ACK
False Alarm
	ACK
Mis-detection
	

	Static
	
	
	< 10-2

	Case 1
	
	
	< 10-2

	Case 2*
	
	
	< 10-2

	Case 3*
	
	
	< 10-2

	Note 1: Required error ratio will be measured on each stream.

Note 2: * Not applicable for Home BS


Proposal 4: 1% per stream target is used for ACK false alarm and ACK mis-detection.
4
HS-DPCCH HARQ Scenarios

It is desirable to minimize the number of tests, but on the other hand, the test coverage is also an important factor to consider when we specify the HS-DPCCH requirements for 4C-HSDPA. A summary of the different scenarios pertaining to 4C-HSDPA and associated codebooks are presented in Table 2. Since each row in Table 2 has different coding schemes, at least it is necessary to specify the requirements for each coding scheme. It is proposed that the requirements be specified for the scenarios as shown in Table 3, since there is no difference depending on the number of active carriers. This is to ensure the test coverage for a particular NodeB implementation without forcing any restriction in NodeB implementation.
When it comes to testing, NodeB can be tested only for the most stringent scenario in each coding scheme. The most stringent scenario will correspond to the largest number of MIMO carriers. Therefore, there will be at most 5 scenarios for a given NodeB.
Table 2: HS-DPCCH Design for 4C-HSDPA

	Number of Configured Carriers
	Number of Active Carriers
	Number of MIMO carriers
	HS-DPCCH Spreading Factor
	Codebook

	4
	3; 4
	0; 1; 2; 3; 4
	SF128
	Rel9 DC-MIMO codebook

	4
	1; 2
	0; 1; 2
	SF128
	Rel9 DC-MIMO codebook

Repeated across half-slots

	3
	3
	1; 2; 3
	SF128
	Rel9 DC-MIMO codebook

	3
	1; 2
	1; 2
	SF128
	Rel9 DC-MIMO codebook

Repeated across half-slots

	3
	1; 2; 3
	0
	SF256
	Rel10 TC-MIMO codebook


Table 3: Proposed scenarios for HS-DPCCH performance requirements of 4C-HSDPA

	Number of Configured Carriers
	Number of Active Carriers
	Number of MIMO carriers
	HS-DPCCH Spreading Factor
	Codebook

	4
	4
	0; 1; 2; 3; 4
	SF128
	Rel9 DC-MIMO codebook

	4
	2
	0; 1; 2
	SF128
	Rel9 DC-MIMO codebook

Repeated across half-slots

	3
	3
	1; 2; 3
	SF128
	Rel9 DC-MIMO codebook

	3
	2
	1; 2
	SF128
	Rel9 DC-MIMO codebook

Repeated across half-slots

	3
	3
	0
	SF256
	Rel10 TC-MIMO codebook


Proposal 5: HS-DPCCH requirements are specified for the scenarios shown in Table 3.
Proposal 6: For a given NodeB, it is tested only for the most stringent scenario in each coding scheme that the NodeB supports. The most stringent scenario will correspond to the largest number of MIMO carriers in each coding scheme.
5
Conclusions

The proposals are summarized as follows:
Proposal 1: Per stream metric is used for HS-DPCCH performance requirements.

Proposal 2: DTX codeword to ACK false alarm metric is not used, conditioning that the uniform transmission of codewords containing ACK(s) are assumed during the test.

Proposal 3: ACK false alarm and ACK mis-detection metrics are used for HS-DPCCH performance requirements.

Proposal 4: 1% per stream target is used for ACK false alarm and ACK mis-detection.
Proposal 5: HS-DPCCH requirements are specified for the scenarios shown in Table 3.

Proposal 6: For a given NodeB, it is tested only for the most stringent scenario in each coding scheme that the NodeB supports. The most stringent scenario will correspond to the largest number of MIMO carriers in each coding scheme.
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