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1. Introduction
Aim of this contribution is to present background information for set of CR’s in [3] - [8], co-signed by Panasonic and Nokia Siemens Networks. Those CR’s are introducing clarifications to the PUCCH format 2 demodulation performance requirements definitions, in 36.104 and 36.141 specifications. Goal of mentioned CR’s is to avoid misleading understanding of the PUCCH requirements definitions and testing procedures.
Discussion topic covered in this contribution was triggered during previous RAN4 meeting in [2]. This issue was treated in number of offline chats and has evolved to the current shape, as presented below. 
2. Discussion

2.1 CQI missed detection calculation 

Referring to 36.141, the following test signal pattern was introduced for PUCCH format 2 testing, as being sent from BS tester: 
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Figure 1 Test signal pattern for PUCCH format 2 demodulation tests
Based on this pattern, number of cases, as presented in Table1 below, can occur during performance testing:

Table1 Identified PUCCH signal 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


Referring to 36.104, chapter 8.3.3, the following definition of the CQI missed detection can be found: 

“The CQI missed detection block error probability is defined as the conditional probability of incorrectly receiving the CQI information bits or not detecting the signal at all when the CQI information is sent.”

Based on the definition above and using abbreviations introduced in Table1, CQI missed detection calculation formula might be seen as:
CQI missed detection block error probability = 
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or

CQI missed detection block error probability = 
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while none of the abovementioned formulas are correct, according to the Rel-8 discussions and agreements. 

Referring to PUCCH format2 simulation assumptions [1], correct equation for CQI performance verification is as follows: 

CQI missed detection block error probability = 
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(3) 
Equation (3) does not consider event “B”. The reason why such event is not considered in above equation is that it was not agreed during Rel-8 discussions to consider DTX detection in discussed performance requirement, what is also visible in the agreed transmit pattern. 
It shall be noted, that such understanding was already confirmed by number of companies during discussions on that issue, as triggered by contribution in [2]. As it is important to have clear understanding among companies, it is proposed to introduce certain clarification in the specification. Therefore, misleading “missed detection” wording is removed from the CQI performance definition. 
2.2 CQI BLER definition clarification 

Referring to 36.141, chapter 8.3.2, the following statements can be found: 
“The performance requirement of PUCCH for CQI missed detection is determined by the BLER probability of detection of CQI. The performance is measured by the required SNR at BLER probability of detection equal to 0.99.

The probability of detection of CQI is defined as conditional probability of detection of the CQI when the signal is present.”
Based on the definitions above it’s not clear what is the difference between mentioned “probability of detection” and “BLER probability of detection” as defined for the CQI requirement. Therefore it is proposed to introduce certain clarifications and to stick to the “CQI BLER” wording. 
2.3 CQI requirement clarification 

Referring to the CQI simulation assumptions extract attached in Annex below, it is clear that it was agreed to use CQI BLER (i.e. not BER) as the measure for requirement derivation, what was also discussed and confirmed by interested companies during e-mail reflector discussions on mentioned simulation assumptions. Therefore, it is proposed to avoid using “bits” wording in the CQI definitions. 

Table2 Proposed Error Rate Requirements [1]
	Error Rate
	Requirement

	CQI detection error
	< 1%


Moreover, this implies that ”not detecting the signal at all” wording is not appropriate, especially trying to figure out what shall be understood by “signal”. Bit level missed detection requirement is covered for PUCCH format 1a, while mis-detetion of 4-bit CQI codeword is much less probable that 1-bit mis-detection of PUCCH format 1a codeword. 

2.4 Test requirement definition 

The following statement from 36.141 (chapter 8.3.2.5) was also found as not clear as well as providing redundant message:
“The fraction of falsely detected CQIs shall be less than 1% and the fraction of correctly detected CQIs shall be larger than 99% for the SNR listed in Table 8.3.2.5-1”. 
It was also questioned what is actually the correct formula for calculation of falsely / correctly detected CQIs. This issue is proposed to be clarified by appropriate re-wording. 
2.5 36.104 correction 

Below, is the correction proposal to the 36.104, which is covered by CR’s in [6] - [8].

-- MODIFIED SECTION –

8.3.3
CQI performance requirements for PUCCH format 2

The CQI block error probability (BLER) is defined as the conditional probability of incorrectly decoding the CQI information when the CQI information is sent. All CQI information shall be decoded (no exclusion due to DTX). The CQI information bit payload per sub-frame is equal to 4 bits. 

8.3.3.1
Minimum requirements

The CQI block error probability shall not exceed 1% at the SNR given in table 8.3.3.1-1.
Table 8.3.3.1-1 Minimum requirements for PUCCH format 2

	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

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

	2
	Normal
	ETU 70
	-3.9
	-4.4
	-4.2
	-4.4
	-4.4
	-4.4


-- END OF MODIFIED SECTION –

2.6 36.141 correction 

Below, is the correction proposal to the 36.141, which is covered by CR’s in [3] - [5].

-- MODIFIED SECTION –

8.3.2
CQI performance requirements for PUCCH format 2

8.3.2.1
Definition and applicability

The performance requirement of PUCCH format 2for CQI is determined by the block error probability (BLER) of CQI. The performance is measured by the required SNR at BLER of1%.

The CQI block error probability is defined as the conditional probability of incorrectly decoding the CQI information when the CQI information is sent. All CQI information shall be decoded (no exclusion due to DTX).
The test is applicable to all BS. A test for a specific channel bandwidth is only applicable if the BS supports it. 

For a BS supporting multiple channel bandwidths only the tests for the lowest and the highest channel bandwidths supported by the BS are applicable.

8.3.2.2
Minimum Requirement

The minimum requirement is in TS 36.104 [2] subclause 8.3.3.1.

8.3.2.3
Test purpose

The test shall verify the receiver’s ability to detect CQI under multipath fading propagation conditions for a given SNR.

8.3.2.4
Method of test

8.3.2.4.1
Initial Conditions

Test environment:
Normal, see subclause D.2.

RF channels to be tested:
M; see subclause 4.7

1)
Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in Annex I.3.2.

8.3.2.4.2
Procedure

1)
Adjust the AWGN generator, according to the channel bandwidth defined in Table 8.3.2.4.2-1.

Table 8.3.2.4.2-1: AWGN power level at the BS input
	Channel bandwidth [MHz]
	AWGN power level

	1.4
	-89.7 dBm / 1.08MHz

	3
	-85.7 dBm / 2.7MHz

	5
	-83.5 dBm / 4.5MHz

	10
	-80.5 dBm / 9MHz

	15
	-78.7 dBm / 13.5MHz

	20
	-77.4 dBm / 18MHz


2)
The characteristics of the wanted signal shall be configured according to TS 36.211. The CQI information bit payload per sub-frame is equal to 4 bits.

3)
The multipath fading emulators shall be configured according to the corresponding channel model defined in Annex B.

4)
Adjust the equipment so that the SNR specified in Table 8.3.2.5-1 is achieved at the BS input during the CQI transmissions.

5)
The signal generator sends a test pattern with the pattern outlined in figure 8.3.2.4.2-1. The following statistics are kept: the number of incorrectly decoded CQI. 
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Figure 8.3.2.4.2-1 Test signal pattern for PUCCH format 2 demodulation tests

8.3.2.5
Test Requirement

The fraction of incorrectly decoded CQIs shall be less than 1%for the SNR listed in Table 8.3.2.5-1. 

Table 8.3.2.5-1 Required SNR for PUCCH format 2 demodulation tests

	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

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

	2
	Normal
	ETU 70
	-3.3
	-3.8
	-3.6
	-3.8
	-3.8
	-3.8


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex G.
-- END OF MODIFIED SECTION –

3. Conclusion

This contribution is background information for set of CRs which were submitted in [3] - [8]. 
It is proposed to agree on the correction to the PUCCH format 2 definitions and follow with corresponding set of CR’s.
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5. Annex: PUCCH format 2 simulation assumptions
PUCCH format 2 simulation assumptions, as agreed on the RAN4 e-mail reflector (sent out 21.05.2008) [1].
General assumptions:

1 user

2 Rx antennas

All channel bandwidths

	6 Simulation #
	7 CP Length
	8 PUCCH Format

	9 1
	10 Normal
	11 2 (CQI)

	12 2
	13 Extended
	14 2 (CQI)


Table 1  PUCCH Test Cases

	Parameter
	Unit
	Value

	TTI
	ms
	1

	Slots / Sub-frame
	
	2

	Bandwidth
	MHz
	10

	Guard tones per symbol (assuming FFT size = 1024)
	
	424

	Number of usable tones
	
	600


Table 2
UL Configuration for 10MHz as a reference

	Parameter
	Unit
	Value

	CQI (Formats 2) Information Bit Payload Per Sub-Frame
	Bits
	4

	CQI Binary Channel Bits Per Sub-Frame
	Bits
	20

	Number of RBs per OFDM symbol
	
	1

	Modulation
	
	QPSK


Table 3
Reference Channel Parameters

	Test Condition
	Setting

	Number of Tx antennas
	1

	Number of Rx antennas
	2

	Antenna Correlation
	Low

	Antenna imbalance
	Not modeled

	Channel models
	ETU70Hz
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 model
	White Gaussian

	DM-RS root sequence hopping 
	Disabled

	Cell-specific cyclic shift hopping
	Optional


Table 4
Proposed Test Conditions

	Error Rate
	Requirement

	CQI detection error
	< 1%


Table 5
Proposed Error Rate Requirements 














































































3GPP


_1330235998.unknown

_1334399290.unknown

_1334399006.unknown

_1281253063.doc


CQI











CQI







CQI












