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1
Introduction

The performance of PUCCH format 2 specified in TS36.104 does not need DTX detection function.  The PUCCH format 2 performance is specified by the CQI block error probability (BLER), which is defined as “the conditional probability of incorrectly decoding the CQI information when the CQI information is sent” [1].  Because the CQI information is always sent during this test, DTX detetion shall have no relevance to the performance requirement of PUCCH format 2, under the current Rel-10 specification.

The DTX detection on PUCCH format 2 test was raised and discussed in previous RAN4 meetings [3-5].  One argument to add the DTX detection is that the DTX detection may be turned off during the PUCCH format 2 testing, and thus the testing could not reflect the realistic scenario, when the DTX detection and PUCCH CQI detection are combined [3].  On the other hand, if DTX detection is mandated in the specification, it is required higher SRN level for CQI BLER performance than that of CQI detection without DTX detection [4].  Besides, the case with DTX detection might only benefit a small UE population [4].  An alternative approach is to introduce an optional test for PUCCH format 2 [5].  This optional test shall specify CQI BLER (error detection) and CQI miss detection probability with a specified CQI false alarm rate.  The false alarm rate issue was sent to RAN2 [6] and RAN2 replied and confirmed the 1% false alarm rate “preferable as the target value” for CQI test [7].

This contribution follows the approach in [5] to introduce an optional performance test for PUCCH format 2.  The working assumption of this optional test is proposed.

2
PUCCH format 2 performance requirement of Rel-10
As discussed in [2], the performance requirement of PUCCH format 2 is specified by the CQI BLER, which is defined as “the conditional probability of incorrectly decoding the CQI information when the CQI information is sent.”  Following the similar discussion in [2], we list the potential PUCCH testing cases (from Table 1 of [2]):

Table 1  Potential PUCCH Format 2 Testing Cases

	Test signal state
	Case acronym
	Case description
	Abbreviation

	No PUCCH transmitted from UE
	DTX
	Rated as nothing transmitted from UE
	X

	
	False Alarm
	Rated as transmission from UE 
	Y

	PUCCH transmitted from UE
	missed detection
	Rated as nothing transmitted from UE
	B

	
	OK
	Rated as transmission from UE transmitted CQI identical to detected CQI
	C

	
	NOK
	Rated as transmission from UE transmitted CQI non‑identical to detected CQI
	D


The current PUCCH format 2 performance requirement is specified with the CQI BLER = D/(C+D), where D is the number of incorrect CQI information, and (C+D) is the total number of transmitted CQI information from UE.
3
With DTX detection
The current specification does not need the DTX detection.  As discussed above, the specified CQI 
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where C is the number of correctly detected CQI information, and D is the number of incorrectly detected CQI information.  There is no DTX assumed in the CQI detection, output of which has two possible states {OK, NOK}.

With DTX detection in mind, when CQI is transmitted, the missed detection shall be considered.  As discussed in [2], it is possible to specify PUCCH format 2 error performance as either 
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, where the output of CQI detection has three possible states: {DTX, NOK, OK}.  Given that the current CQI performance is specified to 
[image: image4.wmf]D

CD

+

, it would be better to define the missed detection performance separately.
When the DTX detection is taken into consideration for performance test, two parameters, the false alarm probability and the missed detection probability are needed to specify the DTX detection performance.  The false alarm probability shall be defined as the block error rate of falsely detected PUCCH transmission when there is no PUCCH transmission.  It can be represented as
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.  The missed detection probability shall be defined as the block error rate of detected DTX while there is PUCCH transmission.  The missed detection probability shall be represented as
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With DTX detection, the PUCCH format 2 shall be specified with three parameters: the detection error rate of Rel-10 requirement as 
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, the false alarm rate 
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, and the missed detection rate 
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Based on the LS from RAN2 [7], we may specify the false alarm rate at 1%.  Please note that the current 36.104 specifies the DTX->ACK false alarm rate at 1% [1].  Given that the payload of ACK (PUCCH format 1a) is smaller than the payload of CQI in the PUCCH performance tests, the false alarm rate of 1% of CQI should be reasonable.

In summary, we propose:

The optional PUCCH format 2 performance requirement with DTX detection shall be specified as: the CQI detection error BLER at 1% and the CQI missed detection BLER at [1%] with required SNR levels [TBD], under [1%] CQI false alarm rate.
The 1% CQI detection error rate is based on the current 36.104.  The missed detection rate is set to 1%, with the consideration that the ACK missed detection rate is 1% for PUCCH format 1a [1].  Please note that this proposal is similar to the proposal of [5].
4
Conclusion: New performance requirements for PUCCH format 2
Based on RAN4 discussions from various companies, the DTX detection shall be added to test PUCCH format2 as an optional test.  Because the 3GPP specs shall not mandate any specific implementations, it cannot specify a certain test that requires DTX detection functionality.  Instead, a new performance test is proposed to include both CQI missed detection probability and CQI false alarm probability.  This test is optional; therefore, it is up to vendors to decide whether this test or the current Rel-8/9/10 test is used to test PUCCH format 2 performance.  Either of the tests shall fulfill the performance requirement of PUCCH format 2 for Rel-11
From the discussions and current 36.104 PUCCH format 2 performance requirements, the new working assumptions of the new optional test are:

The CQI detection error probability shall not exceed 1% and the CQI missed detection probability shall not exceed [1%] at the SNR given in the table below for 1Tx and 2Tx cases, with false alarm rate not exceeding [1%].
Table 2
Minimum requirements for PUCCH format 2 (Optional Test)

	Number of TX antennas
	 Number of RX antennas
	Cyclic Prefix
	Propagation conditions
and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EVA 5 Low
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	1
	2
	Normal
	EVA 70 Low
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	2
	2
	Normal
	EVA 5 Low
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
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