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1. Introduction
In the LTE CA enhancement beyond 5 carriers WI, RAN1 agreed to introduce PUCCH format 4 and PUCCH format 5 [1-3].
In this contribution, we discuss on BS performance requirements for the PUCCH format 4 and PUCCH format 5.
2. Background
According to RAN1 agreements [1-3], we summarized the major parameters of PUCCH format 4 and PUCCH format 5 in Table 1 as below.
Table 1 parameters of PUCCH format 4 and 5
	
	PUCCH format 4
	PUCCH format 5

	Supported types of UCI
	(1) HARQ-ACK/SR only,

(2) CSI only, and

(3) joint HARQ-ACK/SR + P-CSI

	Number of UCI bits
	(1) More than 23 bits for HARQ-ACK/SR only and joint HARQ-ACK/SR + P-CSI

(2) Any number of bits for P-CSI only

	CRC attachment
	8-bit CRC defined in 5.1.1 of TS36.212

	Channel coding
	Tail biting convolutional coding defined in 5.1.3.1 and 5.1.4.2 of TS36.212

	Number of PRBs
	1 or more
	1

	Spreading factor
	1
	2

	SRS subframe
	Shortened format supported


Based on the above parameters, we discuss the minimum requirements for PUCCH format 4 and PUCCH format 5, and show the open issues in the next clause.
3. Discussion
3.1. Requirements for ACK/NACK bits
Three probabilities about ACK/NACKN bits shown in below are used as characteristics to evaluate performance. SNR which can pass all three probabilities is required [4].

a. DTX to ACK probability <= 1 %

b. ACK missed detection probability <= 1%

c. NACK to ACK detection probability <= 0.1%

Proposal 1: As a minimum requirement for PUCCH format 4 and PUCCH format 5 ACK/NACK detection, RAN4 should consider following probability as a base line.

a. DTX to ACK probability <= 1 %

b. ACK missed detection probability <= 1%

c. NACK to ACK detection probability <= 0.1%

3.2. Requirements for CQI information

PUCCH format 4 and PUCCH format 5 can have CQI information of several cells.
For CQI performance requirements for PUCCH format 2, there are two types of requirements, “CQI performance requirements for PUCCH format 2” (section 8.3.3 in TS36.104) and “CQI performance requirements for PUCCH format 2 with DTX detection” (section 8.3.8 in TS36.104). First one (section 8.3.3) was defined in Rel-8, and second one (section 8.3.8) was defined in Rel-11 as an optional to guarantee the DTX detection performance. The reason why second one is optional not mandatory is legacy BS which manufactured based on the specs before Rel-11 may not be able to satisfy the second one. For PUCCH format 4 and 5, we should consider CQI performance requirement with DTX as a mandatory to achieve better BS performance.
In the same manner with PUCCH format 2 with DTX detection, minimum requirement of CQI performance for PUCCH format 4 and PUCCH format 5 should be specified as below.
d. CQI block error probability shall not exceed 1 %

· incorrectly decoding the CQI information when the CQI information is sent, and
· detecting UE transmission as DTX when the CQI information is sent
e. CQI false alarm probability shall not exceed 10 %

Proposal 2: As a minimum requirement for PUCCH format 4 and PUCCH format 5 CQI performance, RAN4 should consider following probability as a base line. 
d. CQI block error probability shall not exceed 1 %

· incorrectly decoding the CQI information when the CQI information is sent, and
· detecting UE transmission as DTX when the CQI information is sent
e. CQI false alarm probability shall not exceed 10 %

3.3. Open issues to define the requirements
As shown in Table 1, there are some parameters that have not been fixed yet, e.g. number of A/N bits and number of PRBs. We summarize open issues on new PUCCH format performance requirements as below.
Observation 1: To specify PUCCH performance requirements, following open issues should be studied.
· Whether all three ACK/NACK probabilities (a, b and c) should be specified as a minimum requirement or not, since PUCCH format 4 and 5 has 8 bits CRC.
· Whether all two CQI performance probabilities (d and e) should be specified as a minimum requirement or not, since PUCCH format 4 and 5 has 8 bits CRC.

· Assumption of number of ACK/NACK bits (equal to or more than 23 bits)

· It should align with number of possible CCs in the oncoming actual operation

· Assumption of number of PRBs used for PUCCH format 4

4. Conclusion

In this contribution, we discussed on BS performance requirements for new PUCCH format 4 and PUCCH format 5, and had following proposals and observations.
Proposal 1: As a minimum requirement for PUCCH format 4 and PUCCH format 5 ACK/NACK detection, RAN4 should consider following probability as a base line.

a. DTX to ACK probability <= 1 %

b. ACK missed detection probability <= 1%

c. NACK to ACK detection probability <= 0.1%

Proposal 2: As a minimum requirement for PUCCH format 4 and PUCCH format 5 CQI performance, RAN4 should consider following probability as a base line. 
d. CQI block error probability shall not exceed 1 %

· incorrectly decoding the CQI information when the CQI information is sent, and
· detecting UE transmission as DTX when the CQI information is sent
e. CQI false alarm probability shall not exceed 10 %

Observation 1: To specify PUCCH performance requirements, following open issues should be studied.
· Whether all three ACK/NACK probabilities (a, b and c) should be specified as a minimum requirement or not, since PUCCH format 4 and 5 has 8 bits CRC.

· Whether all two CQI performance probabilities (d and e) should be specified as a minimum requirement or not, since PUCCH format 4 and 5 has 8 bits CRC.

· Assumption of number of ACK/NACK bits (equal to or more than 23 bits)

· It should align with number of possible CCs in the oncoming actual operation

· Assumption of number of PRBs used for PUCCH format 4
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