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1 Introduction
In RAN1#66bis, identified enhancements to UL control signalling include the following:

· Multiple periodic CSI in a subframe

· Periodic CSI + HARQ-ACK in a subframe

· Periodic CSI + SRS in a subframe

· Simultaneous PUSCH +SRS

· HARQ-ACK bundling 
This contribution considers the HARQ-ACK payloads for scenarios with >=2 aggregated CCs in FDD and TDD and provides link level evaluation results for PUCCH format 3 under different HARQ-ACK payloads.

2 HARQ-ACK payloads in Rel-10
In Rel-10, the PUCCH format 3 is designed to support HARQ-ACK payloads up to 20 bits. That is, when the total number of HARQ-ACK bits is less than or equal to 20, no bundling is employed; otherwise, spatial bundling is employed to compress the payload size to no more than 20 bits. 
For FDD, PUCCH format 1b with channel selection and PUCCH format 3 are supported for CA. For 2 serving cells, PUCCH format 1b with channel selection or PUCCH format 3 can be used to carry 4 HARQ-ACK bits. For more than 2 serving cells, only PUCCH format 3 is supported and up to 6/8/10 HARQ-ACK bits are carried by PUCCH format 3 for 3/4/5 serving cells respectively.

For TDD, the HARQ-ACK payload varies from 4 bits to 20 bits (except for TDD configuration 5). If the bundling window size M is 4 and there are 5 serving cells, the maximum number of HARQ-ACK bits is 4*5*2 =40 bits if MIMO transmission is configured. With spatial bundling, the maximum number of HARQ-ACK bits is 4*5=20 bits.
In Rel-11, as a UE can be configured more than two serving cells in practice, the HARQ-ACK payload may significantly increase. PUCCH format 3 will then become the default format for carrying the increased HARQ-ACK payloads. However, considering typical UL geometries and maximum PUCCH format 3 multiplexing per PRB to avoid increasing overhead, most UEs cannot reliably feedback close to 20 HARQ-ACK bits by PUCCH format 3. Therefore, further reductions in the HARQ-ACK payload are required. 
3 Evaluation and analysis
Table 1 and Figure 1 summarize the required SNR for different number of HARQ-ACK bits. The simulation assumptions are given in Appendix. The required SNR is determined by the simultaneous fulfilment of the conditions for Prob(ACK->NACK/DTX)<10-2 and Prob(NACK->ACK)<10-3.
Table 1: Required SNR (dB) for PUCCH format3 with different payload bits
	Cases
	Number of HARQ Payload bits

	
	4
	6
	8
	10
	12
	14
	16
	18
	20

	ETU 3km/h
	-6.65
	-6.3
	-5.2
	-4.1
	-2.6
	-1.4
	-0.5
	0.5
	1.2

	EPA 3 km/h
	-7.1
	-6.8
	-5.5
	-4.7
	-2.9
	-1.7
	-1.1
	-0.3
	0.5


Figure 1: Required SNR (dB) for PUCCH format3 with different payload bits
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Comparing the results of table 1 with typical PUCCH geometries (e.g. [1], [3]), it can be seen that almost all UEs and about 90% UEs can not support 20 HARQ-ACK bits with 5 and 3 interfering UEs per PRB respectively, and about 80% UEs and 40% UEs cannot support more than 12 HARQ-ACK bits with 5 and 3 interfering UEs per PRB, respectively. Therefore, most UEs in a cell do not have sufficiently high geometries to provide the reliable reception for the larger HARQ-ACK payload sizes.
From the simulation results, it is observed that the link level performance difference between 12 bits and 20 bits HARQ-ACK payload using PUCCH format 3 is about 3 dB.  With time bundling as for “Mode b” in Rel-10 [2], if the HARQ ACK payload is compressed from 20 bits to 12 bits, the percentage of UEs achieving reliable HARQ-ACK feedback can be increased from 10% to 60%. Proposal: Time domain bundling and/or compression is supported for PUCCH format 3 in Rel-11 TDD.

4 Conclusion 
This contribution considered the need to reduce the HARQ-ACK payloads in PUCCH format 3 beyond the ones possible in Rel-10 TDD in order to allow more UEs to meet the required HARQ-ACK reception reliability.
Proposal: Time domain bundling and/or compression is supported for PUCCH format 3 in Rel-11 TDD.
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Appendix Simulation Assumptions

	Parameters
	Value

	Carrier Frequency
	2.0 GHz

	System Bandwidth
	5 MHz

	Channel Model
	ETU, EPA, 3km/h

	Frequency Hopping
	ON(at slot boundary)

	Tx&Rx Antenna
	1*2

	RX antenna Correlation
	Uncorrelated

	Channel Estimation
	Practical

	CP Type
	Normal CP

	Signal Bandwidth
	180 kHz

	Noise Estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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