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1 Introduction

In RAN4 #57, it was agreed that performance requirements of two PUCCH transmit schemes for CA be defined ‎[1]:  

· PUCCH format 1b with channel selection: supporting up to 4 A/N bits

Performance requirements for PUCCH Format 1b with channel selection will be defined for Rel-10. DTX to ACK and ACK missed detection performance measures shall be evaluated. 

· PUCCH format 3 (DFT-S-OFDM): supporting full range of A/N bits

Performance requirements for PUCCH format 3 will be defined for Rel-10. Moreover, it shall be evaluated, whether it is sufficient to introduce one generic PUCCH format 3 performance requirement for E-UTRA FDD and TDD.

In this paper we discuss scenarios and assumptions for demodulation requirements of the two schemes.  
2 Discussion
2.1 Scenarios
2.1.1 Duplex mode

To cover PUCCH format 1b with channel selection, and PUCCH format 3, the following two duplex modes can be considered:

1. FDD: This will require 1 bitACK/NACK per transport block per CC

2. TDD with one of UL/DL configurations according to the following table ‎[2]
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


As an example, the UL/DL configuration index 2 can be considered, which is rather DL heavy and requires transmission of several ACK/NACK bits in one UL subframe.  

2.1.2 Number of component carriers

Number of component carriers can be considered to be 2
2.1.3 Transport blocks per CC 
At least two different schemes need to be considered to include single TX and MIMO cases.  Therefore both ‘1 transport block’ and ‘2 transport blocks’ must be considered.
2.1.4 Summary of the scenarios

Considering the number of scenarios, the list of combinations will be very long, while they only result in a limited set of ACK/NACK bits. Therefore it is suggested that three different number of ACK/NACK bits considered to cover PUCCH format 1b with channel selection (e.g. 3 bits and 4 bits) and PUCCH format 3 (e.g. 16 bits), i.e.

	Number of ACK/NACK bits

	PUCCH format 1b with channel selection
	3 bits

	
	4 bits

	PUCCH format 3
	16 bits


2.2 Assumptions

2.2.1 Number of RX antennas

The number of RX antennas can be 2 or 4 similar to rel 8 requirements for PUCCH

2.2.2 Bandwidths

According to ‎[3] the following bandwidth per CA operating band for intraband carrier aggregation are supported.
	CA operating band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1C
	1
	
	
	
	
	Yes
	Yes

	CA_40C1
	40
	
	
	
	Yes
	Yes
	Yes

	Note 1:
Combinations of component carriers with unequal channel bandwidth should be considered. The maximum number of CCs for combination is two.


	CA operating / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1A-5A
	1
	
	
	FFS
	Yes
	FFS
	FFS

	
	5
	
	
	FFS
	Yes
	
	


It is therefore suggested that the bandwidth per carrier considered for performance requirements are limited to: 5MHz, 10MHz, 15MHz, and 20 MHz. 

2.2.3 Propagation condition

The propagation condition are taken from rel 8, but to avoid explosion of cases, we limit the channel models to EPA5 and EVA70 .
2.2.4 Cyclic prefix

Cyclic prefix can be either normal or extended
3 Performance measures

Similar to Rel 8, the following measures can be considered for performance requirements:

1. DTX to ACK probability, i.e. the probability that ACK is detected when nothing is sent, shall not exceed 1%
2. ACK to NACK probability shall not exceed 1%
3. The probability of NACK to ACK shall not exceed 0.1%”

Note that in rel 8, fulfilling the second requirement above, would meet the third requirement by far and therefore the third requirement was dropped in rel. 8. However, whether there is a need to have the third requirement for CA must be investigated.
4 Conclusion
In this contribution, scenarios and assumptions for PUCCH performance requirements were discussed, and the followings is proposed:
Proposa1 1: Three generic   scenarios considered. They are PUCCH format 1b with channel selection with  3, 4 bits, and PUCCH format 3 with 16 ACK/NACK bits considered
Proposal 2: Number of RX antennas is 2 and 4, propagation conditions are EPA5, EVA70, and the cyclic prefix can be normal or extended 

Proposal 3: Similar to rel. 8, Performance measures are

· DTX to ACK probability shall not exceed 1%
· ACK to NACK probability shall not exceed 1%
· The probability of NACK to ACK shall not exceed 0.1%
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6 Text proposal

[CA BS TR 36.808 Text proposal]

8.3
Performance requirements for PUCCH

PUCCH transmission of A/N and periodic CSI reporting supporting up to 5 DL CCs will be possible only within single, UE-specific UL component carrier.

Two PUCCH transmit schemes were introduced for CA purposes:  

· PUCCH format 1b with channel selection: supporting up to 4 A/N bits

Performance requirements for PUCCH Format 1b with channel selection will be defined for Rel-10. PUCCH format 1b with channel selection with  two generic cases 3 A/N bits and  4 A/N bits must be studied. DTX to ACK and ACK missed detection performance measures shall be evaluated.  Whether there is a need to have performance measure for NACK to ACK is [FFS].
· PUCCH format 3 (DFT-S-OFDM): supporting full range of A/N bits

Performance requirements for PUCCH format 3 will be defined for Rel-10. It is sufficient to introduce one generic PUCCH format 3 performance requirement for 16 A/N bits.
Simultaneous PUCCH and PUSCH transmission from single UE was introduced by CA, but its consideration was postponed. Therefore, performance requirements for simultaneous PUCCH and PUSCH are [FFS].
Performance requirements shall be evaluated for 2 and 4 RX antennas. The propagation conditions are EPA5, EVA70. Both normal and extended cyclic prefix must be considered.
8.3.1
DTX to ACK performance

The definition of DTX to ACK probability for multiple A/N bits for CA purposes is [FFS]. For BS not supporting CA, current DTX to ACK definition is to be reused. 

8.3.2
ACK missed detection requirements for single user PUCCH format 1a

No changes are foreseen for this clause.

8.3.3
CQI missed detection requirements for PUCCH format 2

No changes are foreseen for this clause.

8.3.4
ACK missed detection requirements for multi user PUCCH format 1a 

No changes are foreseen for this clause. 
8.3.5
ACK missed detection for PUCCH format 1b with channel selection and PUCCH format 3 

Probability of ACK missed detection shall not exceed 1%.
8.3.6
Probability of NACK to ACK for PUCCH format 1b with channel selection and PUCCH format 3 

Probability of  NACK to ACK shall not exceed 0.1%
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