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1
Introduction
In 4C-HSDPA, a new slot format for the HS-DPCCH channel has been introduced. A single HS-DPCCH channel now carries feedback information for up to 8 streams of data. The existing HS-DPCCH requirements specify minimum performance only for a single data stream. In 4C-HSPDA, multiple channel configurations and codebooks and a now slot format necessitate the introduction of new HS-DPCCH performance requirements in the context of 4C-HSDPA.

4C-HSDPA UE performance requirements were initially discussed during RAN4#57 [6]. 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
Background
The feedback channel in 4C-HSDPA was designed such that a single HS-DPCCH channel is used for all scenarios [1-4]. A spreading factor of 128 would be applied when the UE is configured with 4 carriers with or without MIMO and when the UE is configured with 3 carriers with MIMO on at least one of the carriers. As a special case, a spreading factor SF256 would be applied when the UE is configured with 3 carriers without MIMO on any of the carriers. A new slot format was introduced – HS-DPCCH slot format #1 – to accommodate the lower spreading factor and the associated changes in channel bit and symbol rates.
A summary of the different scenarios pertaining to 4C-HSDPA and associated codebooks are presented in Table 1.
Table 1: 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


RAN1 has evaluated each of the scenarios shown in Table 1 and established power offsets that are to be used. The methodology for specifying performance requirements for the HS-DPCCH channel is described in the next section. 
3
HS-DPCCH Demodulation Performance Requirements

The existing performance metrics [5] for the HS-DPCCH channel consist of 

· ACK False Alarm

· ACK Mis-detection
For the case of 4C-HSDPA, the same performance metrics can be considered as a measure of HS-DPCCH performance. The requirements can be specified in the following manner:
ACK False Alarm (DTX->ACK)
A false alarm occurs when the NodeB erroneously detects an ACK on the HS-DPCCH channel when there was no HS-DPCCH transmitted by the UE. Specifically, a false alarm is recorded when

· The UE does not transmit any codewords on the HS-DPCCH channel but the DTX detector at the NodeB detects the presence of codeword, and 

· The decoded codeword happens to be an ACK. If the decoded codeword is the DTX or NACK codeword, then a false alarm event is not recoded.
False alarms are recorded on a per stream basis. There can be up to 8 streams of data in 4C-HSDPA for which HARQ ACK transmissions occur on the uplink. The effective false alarm for a particular configuration is then the average of the false alarm across the streams. Therefore, the effective false alarm rate is
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 is the ACK false alarm for the 
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is the total number of streams.The false alarm requirement is applied to the effective false alarm rate. 
The current requirement for a false alarm in [5] is specified to be
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. We consider that the requirement for the effective false alarm rate in 4C-HSDPA can also be
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ACK Mis-detection (ACK->DTX/NACK)
This event occurs when the UE transmits an ACK on the HS-DPCCH channel but the NodeB does not receive it. Mis-detection is the combination of the following two events

· The NodeB does not detect the presence of the transmitted codeword on the HS-DPCCH channel but the UE has transmitted a codeword containing an ACK. This occurs because the DTX detector does not detect the transmitted signal.

· The NodeB detects the presence of a codeword on the HS-DPCCH channel but decodes the data incorrectly. In this case, an ACK transmission is decoded as a DTX/NACK transmission. 
Similar to false alarms, mis-detections are also recorded on a per stream basis. Therefore, the effective ACK mis-detection is 
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where 
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 is the mis-detection or decoding error probability for the 
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is the total number of streams.

Mis-detection can be tested by transmitting ACK codewords from the code book corresponding to a particular configuration. The codewords can be chosen with uniform probability and the effective mis-detection can be obtained by averaging the mis-detection performance across the streams present in that configuration. 
Alternatively, a single codeword can be chosen for a particular configuration. The requirement for mis-detection would then have to be specified for a single stream for which an ACK is transmitted. This has the advantage of making testing quite simple but runs the risk of not adequately testing all the streams or all the codewords. The selected codeword can be representative of the average performance of the codewords in the codebook for that particular configuration.

The current requirement for mis-detection in [5] is specified to be
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. We consider the same requirement can be specified for the effective ACK mis-detection in 4C-HSDPA as well.
DTX Mis-detection (DTX Codeword->ACK)
In 4C-HSDPA, the UE routinely transmits a DTX codeword for a particular data stream when there is no ACK/NACK feedback required to be transmitted. However, error events occur when the UE misses the HS-SCCH on the downlink and therefore transmits a DTX codeword for that data stream following which the NodeB makes a DTX->ACK error. There are currently no requirements or tests for such error events and since these can occur with regularity in 4C-HSDPA, there is a need to introduce a requirement. 
These error events become significant when multiple carriers are scheduled on the downlink. For eg., when the NodeB schedules data 4 carriers, the likelihood of the UE transmitting nothing on the uplink, which would require missing all the 4 HS-SCCHs on the downlink, is quite small (
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). The false alarm requirement, as mentioned above, would therefore only be applicable in rare cases. It is far more likely that the UE misses a single HS-SCCH on the downlink and consequently transmits a DTX codeword for that carrier which may result in an error event. Therefore, an additional requirement to capture such cases is required. 
In summary, this error event occurs when

· The UE transmits a codeword corresponding to DTX on the HS-DPCCH channel 
· The decoded codeword at the NodeB is however an ACK. 
Similar to false alarms and mis-detections, these error events are also recorded on a per stream basis. These error events can be tested by selecting codewords that contain DTX in one or more of the streams and transmitting them with uniform probability. The errors are then recorded per stream and averaged across streams. 
Alternatively, a single codeword can be chosen that contains DTX for a particular stream and the errors recoded for that particular stream alone. The specified requirement would then be applicable to that stream. This has the advantage of making testing quite simple but runs the risk of not adequately testing all the streams or all the codewords. However, the selected codeword can be representative of the average performance of the codewords in the codebook.

Similar to the false alarm and mis-detection requirements, the target error rate for this additional test can also be specified to be
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Overall the proposed HS-DPCCH performance requirement for 4C-HSDPA will be specified for the cases shown in Table 2.

Table 2: 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
	DTX
Mis-detection
	

	Static
	
	
	
	< 10-2

	Case 1
	
	
	
	< 10-2

	Case 2*
	
	
	
	< 10-2

	Case 3*
	
	
	
	< 10-2

	* Not applicable for Home BS


4
Test Configurations in 4C-HSDPA

There are a number of scenarios that are possible in 4C-HSDPA. A particular scenario refers to a certain number of active carriers and the corresponding number of MIMO carriers among the active carriers. 

For each scenario, there exist multiple configurations based on the ordering of the MIMO and non-MIMO carriers. For example, consider a scenario where there are 4 active carriers and two of the active carriers are MIMO carriers. Two of the possible configurations are M/M/S/S and M/S/M/S each of which contain the same number of MIMO and non-MIMO carriers but are considered to be different configurations because the codebook subset used is different in each case.
Since it is important to ensure that all the scenarios are represented, it is considered that at least one configuration out of the ones presented in the tables in [6], be chosen for each scenario. Since it is also desirable to keep the number of tests to a minimum, it is considered that the requirements be defined for only one configuration per scenario.
The chosen configuration can be based on the results provided in [7] and [8] and can be the one that has the worst performance amongst the other configurations in the same scenario. Under these criteria, the proposed test configurations are listed in Table 3.
Table 3: Proposed test configurations for which requirements need to be specified.
	Number of active Carriers
	Number of MIMO carriers
	Configuration

	4
	4
	M/M/M/M

	
	3
	M/M/S/M

	
	2
	M/S/M/S

	
	1
	M/S/S/S

	
	0
	S/S/S/S

	3
	3
	M/M/D/M

	
	2
	M/M/S/D

	
	1
	S/M/S/D

	
	0
	S/S/D/S

	3 carriers configured
	0
	S/S/S

	2
	2
	M/M

	
	1
	M/S

	
	0
	S/S


The HS-DPCCH performance requirements are specified for each listed configuration. It is considered that this would simplify testing to an extent and keep the performance requirements to a minimum while at the same time ensuring that all the major scenarios are taken into account.
5
Conclusions

Performance requirements are needed for the HS-DPCCH channel in 4C-HSDPA, as the HS-DPCCH channel employs a new slot format and transmission structure for a number of different scenarios and configurations. 
The existing measures for testing HS-DPCCH performance are re-used in the context of 4C-HSDPA. A testing methodology is proposed so that the performance requirements can be suitably specified. An additional requirement to capture error cases that occur due to DTX codeword transmissions in 4C-HSPDA is introduced. Finally, a smaller subset of configurations is identified for which performance requirements are necessary. The proposals are summarized as follows:
Proposal 1: Introduce 4C-HSDPA HS-DPCCH performance requirements with ACK False Alarm, ACK Mis-detection and DTX Mis-detection.

Proposal 2: Introduce 4C-HSDPA HS-DPCCH performance requirements for test configurations in Table 3.
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