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1 Introduction

During previous RAN4#58 meeting, simulation assumptions for CA BS performance requirements initially agreed in [3] were updated by the agreements in [1]. Furthermore, TR36.808 text proposal capturing all simulation assumptions related decisions was agreed in [2] and performance requirements coverage discussion outcomes were agreed in [4].
This contribution contains draft CR proposal for TS36.141 section 8, for CA performance requirements. 

NOTE: Test case coverage as captured in the DRAFT CR, still might be reduce for the following reasons: 

· Separate TDD / FDD requirements as presented in the attached DRAFT CR are subject to the performance results submitted by contribution companies and possible performance differences for these two duplex modes. 
· NAK to ACK performance measure for PUCCH format 1b with Channel Selection was only tentatively agreed to be considered in the Rel-10 performance requirements. Its inclusion into Rel-10 performance requirements set for Rel-10 depends on the possible performance differences relative to the ACK mis‑detection.  
2 Conclusion

It is proposed to agree on the draft CR to 36.141, Section 8 for CA PUCCH performance requirements and to proceed with the corresponding formal CR.
3 References

[1] R4-111676, “Further agreements on the CA simulation assumptions”, Nokia Siemens Networks, NTT DoCoMo, Huawei, CATT, Ericsson, LGE

[2] R4-111647
“[CA BS TR] PUCCH simulation assumptions”, Nokia Siemens Networks, Ericsson

[3] R4-110563
“Simulation assumptions for CA BS demodulation requirements”, Nokia Siemens Networks, Huawei, Ericsson, ST-Ericsson
[4] R4-111648
“[CA BS TR] PUCCH performance requirements skeleton”, Nokia Siemens Networks
-------------------------------------------- DRAFT CR to 36.141, Section 8-------------------------------------------
8.3
Performance requirements for PUCCH

8.3.1
ACK missed detection for single user PUCCH format 1a

8.3.1.1
Definition and applicability

The performance requirement of single user PUCCH for ACK missed detection is determined by the two parameters: probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK when input is only noise.

The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is present.

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 bandwidth supported by the BS are applicable.

ACK/NAK repetitions are disabled for PUCCH transmission. 

8.3.1.2
Minimum Requirement

The minimum requirement is in TS 36.104 [2] subclause 8.3.1.1 and 8.3.2.1.

8.3.1.3
Test purpose

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

8.3.1.4
Method of test

8.3.1.4.1
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.

8.3.1.4.2
Procedure

1)
Adjust the AWGN generator, according to the channel bandwidth defined in Table 8.3.1.4.2-1.

Table 8.3.1.4.2-1: 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 [12].

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 8.3.1.5-1 is achieved at the BS input during the ACK transmissions.

5)
The signal generator sends a test pattern with the pattern outlined in figure 8.3.1.4.2-1. The following statistics are kept: the number of ACKs detected in the idle periods and the number of missed ACKs. 
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Figure 8.3.1.4.2-1 Test signal pattern for single user PUCCH format 1a demodulation tests

8.3.1.5
Test Requirement

The fraction of falsely detected ACKs shall be less than 1% and the fraction of correctly detected ACKs shall be larger than 99% for the SNR listed in Table 8.3.1.5-1. 

Table 8.3.1.5-1 Required SNR for single user PUCCH format 1a 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
	EPA 5
	-1.9
	-3.3
	-4.2
	-4.8
	-4.7
	-4.5

	
	
	EVA 5
	-3.9
	-4.5
	-4.5
	-4.4
	 -4.5
	-4.5

	
	
	EVA 70
	-4.3
	-4.6
	-4.6
	-4.5
	-4.6
	-4.5

	
	
	ETU 300*
	-4.4
	-4.5
	-4.3
	-4.4
	-4.6
	-4.6

	
	Extended
	ETU 70*
	-3.6
	-3.7
	-3.5
	-3.7
	-3.6
	-3.7

	4
	Normal
	EPA 5
	-7.3
	-7.8
	-8.1
	-8.3
	-8.3
	-8.4

	
	
	EVA 5
	-8.2
	-8.5
	-8.5
	-8.2
	-8.3
	-8.3

	
	
	EVA 70
	-8.3
	-8.4
	-8.4
	-8.2
	-8.4
	-8.2

	
	
	ETU 300*
	-8.1
	-8.3
	-8.1
	-8.1
	-8.3
	-8.2

	
	Extended
	ETU 70*
	-7.3
	-7.5
	-7.3
	-7.5
	-7.4
	-7.4

	Note*: Not applicable for Local Area BS and Home BS.


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.

8.3.2
CQI performance requirements for PUCCH format 2

8.3.2.1
Definition and applicability

The performance requirement of PUCCH format 2 for CQI is determined by the block error probability (BLER) of CQI. The performance is measured by the required SNR at BLER of 1%.

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
	EVA 5*
	-3.1
	-3.5
	-3.8
	-3.4
	-3.6
	-3.6

	
	
	ETU 70**
	-3.3
	-3.8
	-3.6
	-3.8
	-3.8
	-3.8

	Note*: Not applicable for Wide Area BS.

Note**: Not applicable for Local Area BS and Home BS.


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.
8.3.3
ACK missed detection for multi user PUCCH format 1a

8.3.3.1
Definition and applicability

The performance requirement of multi user PUCCH for ACK missed detection is determined by the two parameters: probability of false detection of the ACK and the probability of detection of ACK on the wanted signal. The performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or less. These probabilities are measured on the wanted signal at presence of three interfering signals as specified in section 8.3.3.4.2.
The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK when input is only noise and the interfering signals are present.

The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is present.

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.

Multi user PUCCH test is performed only for 2 Rx antennas, Normal CP and for ETU70 propagation conditions.

ACK/NAK repetitions are disabled for PUCCH transmission. 

8.3.3.2
Minimum Requirement

The minimum requirements are in TS 36.104 [2] subclause 8.3.1.1 and 8.3.4.1.

8.3.3.3
Test purpose

The test shall verify the receiver’s ability to detect ACK on the wanted signal at presence of three interfering signals as specified in section 8.3.3.4.2, under multipath fading propagation conditions for a given SNR.

8.3.3.4
Method of test

8.3.3.4.1
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 and all interfering signals, multipath fading simulators and AWGN generators to both BS antenna connectors for 2Rx diversity reception via a combining network as shown in Annex I.3.3.

2) 
Interconnect attenuators for relative power setting purposes for all transmitting branches (wanted signal and all interferers, separately). 

8.3.3.4.2
Procedure

1)
Adjust the AWGN generator, according to the channel bandwidth defined in Table 8.3.3.4.2-1.

Table 8.3.3.4.2-1: 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)
In multi user PUCCH test, four signals are configured: one wanted signal and three interferers, which are transmitted via separate fading paths using relative power settings presented in Annex A.9. 


All signals are transmitted on the same PUCCH resources, with different PUCCH channel indices, as presented in Annex A.9.

The characteristics of the all signals (i.e. wanted and all interferers) shall be configured according to 36.211 [12].

3)
The multipath fading emulators shall be configured according to ETU70 propagation conditions defined in Annex B.

4)
Adjust the equipment so that the SNR specified in Table 8.3.3.5-1 is achieved at the BS input during the ACK transmissions on the wanted signal.

5)
The signal generator sends a test pattern with the pattern outlined in figure 8.3.3.4.2-1. This statement is valid for all signals, i.e. wanted and all interferers. The following statistics are kept: the number of ACKs detected in the idle periods and the number of missed ACKs on the wanted PUCCH signal. 
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Figure 8.3.3.4.2-1 Test signal pattern for multi user PUCCH demodulation tests

8.3.3.5
Test Requirement

The fraction of falsely detected ACKs on the wanted signal shall be less than 1% and the fraction of correctly detected ACKs shall be larger than 99% for the SNR listed in Table 8.3.3.5-1. 
Table 8.3.3.5-1 Required SNR for multi user PUCCH 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*
	-3.5
	-3.8
	-3.8
	-4.0
	-4.0
	-3.8

	Note*: Not applicable for Local Area BS and Home BS.


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.
8.3.4
ACK missed detection for PUCCH format 1b with Channel Selection
8.3.4.1
Definition and applicability

The performance requirement of PUCCH format 1b with Channel Selection for ACK missed detection is determined by the two parameters: probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK at particular channel when input is only noise.

The probability of detection of ACK is defined as conditional probability of detection of the ACK when the ACK was sent at particular channel.

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 bandwidth supported by the BS are applicable.
The ACK information bit payload per sub-frame is equal to 4 bits (AAAA),
ACK/NAK repetitions are disabled for PUCCH transmission. 

8.3.4.2
Minimum Requirement

The minimum requirement is in TS 36.104 [2] subclause 8.3.1.1 and 8.3.5.1.

8.3.4.3
Test purpose

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

8.3.4.4
Method of test

8.3.4.4.1
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.

8.3.4.4.2
Procedure

1)
Adjust the AWGN generator, according to the channel bandwidth defined in Table 8.3.4.4.2-1.

Table 8.3.4.4.2-1: AWGN power level at the BS input
	Channel bandwidth [MHz]
	AWGN power level

	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 [12].

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 8.3.4.5-1 is achieved at the BS input during the AAAA codeword transmissions.

5)
The signal generator sends AAAA codeword in regular time periods. The following statistics are kept: the number of ACK bits detected in the idle periods and the number of missed ACK bits. Each missed ACK bit being accounted as one error.
8.3.4.5
Test Requirement

The fraction of falsely detected ACK bits shall be less than 1% and the fraction of correctly detected ACK bits shall be larger than 99% for the SNR listed in Table 8.3.4.5-1. 

Table 8.3.4.5-1 Required SNR for PUCCH format 1b with Channel Selection demodulation tests, FDD
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

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

	2
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD

	4
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD


Table 8.3.4.5-2 Required SNR for PUCCH format 1b with Channel Selection demodulation tests, TDD
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

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

	2
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD

	4
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD


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.

8.3.5
NAK to ACK detection for PUCCH format 1b with Channel Selection
8.3.5.1
Definition and applicability

The performance requirement of PUCCH format 1b with Channel Selection for NAK to ACK detection is determined by the probability of ACK bit detection at particular channel at the event of NAK bit being sent. The performance is measured by the required SNR at probability of detection equal to 0.001 or less. 

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 bandwidth supported by the BS are applicable.
Random codeword selection is assumed.
ACK/NAK repetitions are disabled for PUCCH transmission. 

8.3.5.2
Minimum Requirement

The minimum requirement is in TS 36.104 [2] subclause 8.3.1.1 and 8.3.6.1.
8.3.5.3
Test purpose

The test shall verify the receiver’s ability not to detect ACK bit in case of NAK bit being sent on particular channel under multipath fading propagation conditions for a given SNR.

8.3.5.4
Method of test

8.3.5.4.1
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.

8.3.5.4.2
Procedure

1)
Adjust the AWGN generator, according to the channel bandwidth defined in Table 8.3.5.4.2-1.

Table 8.3.5.4.2-1: AWGN power level at the BS input
	Channel bandwidth [MHz]
	AWGN power level

	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 [12].

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 8.3.5.5-1 or Table 8.3.5.5-2 is achieved at the BS input during transmissions of random codeword containing NAK information.

5)
The signal generator sends random codeword belonging to the codebook and containing NAK information. Codeword’s are sent in regular time periods. The following statistics are kept: the number of NAK bits decoded as ACK bits. Each NAK bit detected as ACK bit is accounted as one error.
8.3.5.5
Test Requirement

The fraction of falsely detected ACK bits shall be less than 0,1% and the fraction of correctly detected NAK bits shall be larger than 99,9% for the SNR listed in Table 8.3.5.5-1 or Table 8.3.5.5-2. 

Table 8.3.5.5-1 Required SNR for PUCCH format 1b with Channel Selection demodulation tests, FDD
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

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

	2
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD

	4
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD


Table 8.3.5.5-2 Required SNR for PUCCH format 1b with Channel Selection demodulation tests, TDD
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

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

	2
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD

	4
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD


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.
8.3.6
ACK missed detection for PUCCH format 3
TDB
8.3.7
NAK to ACK detection for PUCCH format 3

TDB

-------------------------------------------- End of proposal -------------------------------------------
