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Discussion and Decision
1. Introduction
In Rel-13, the support of up to 32 CCs necessitates some enhancements for UL control channels. In RAN1#80bis, a set of link-level simulation assumptions were agreed for evaluating UL control channel enhancements for up to 32 CCs. In this paper, we share our corresponding evaluation results.   
2. Discussion
In Rel-13, a UE may be configured with up to 32 CCs. It was agreed earlier that a single UL CC may be configured with up to 32 DL CCs, which implies that a single PUCCH may need to handle HARQ feedback for up to 32 DL CCs.  Since the existing PUCCH formats are designed to handle up to 5 DL CCs. Some PUCCH enhancements are thus necessary. 
In order to facilitate link-level evaluations of UL control channel enhancements, a set of simulation assumptions were agreed in RAN1#80bis, which are quoted below:

	Parameter 
	Setting 

	Carrier Frequency 
	2 GHz 

	System Bandwidth 
	10 MHz 

	Channel Model 
	EPA, ETU, 3 km/h, optionally 120 kmph, AWGN interference 

	Antenna Setup 
	1Tx, 2 Rx, for TDD optionally 8 Rx, assumption on antenna correlation to be described by the proponent

	Channel coding 
	Assumption to be described by the proponent 

	DMRS Structure 
	Assumption to be described by the proponent

	Channel Estimation 
	Practical, non-ideal 

	Number of PRBs for PUCCH 
	Assumption to be described by the proponent 

	Transmit power
	Assumption to be described by the proponent

	PUCCH frequency hopping 
	Assumption to be described by the proponent 

	CRC length (if any) 
	Assumption to be described by the proponent [8, 16]

	Payload size (this is only for evaluation)
	At least 22, 32, 64, and 128 bits

	Performance Metric 
	ACK missed detection probability (1 %), NACK-to-ACK error probability (0.1%);  DTX-to-ACK probability 1%

With CRC, in case CRC check fail eNodeB considers all bits as “NACK”


In the following, we provide our evaluation results, with the following additional assumptions:
· TBCC based channel coding

· 1 RB for PUCCH

· Frequency hopping is enabled

Figure 1 shows UL control channel performance under various channel models (EPA3, ETU3 and ETU120) when the payload size is 128 bits, excluding the 16-bit CRC. The 16-bit CRC provides protection of NAK to ACK error in the order of 10-5.  The UL control channel follows the same structure as in PUCCH format 3, but without any time-domain spreading. As can be seen, in order to achieve 1% miss detection, the required SNR is roughly 7.3dB under EPA3 and is close to 10dB under ETU3 and ETU120.
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Figure 1 UL control channel performance with 128-bit payload + 16-bit CRC
3
Conclusion
In this contribution, we shared our evaluation results for PUCCH based on the simulation assumptions agreed in RAN1#80bis. Based on the evaluation results, it is observed that the required SNR to achieve 1% miss detection is around 7.3dB under EPA3 when the uplink control channel payload size is 144 bits (including 16-bit CRC), assuming a 1-RB PUCCH format 3 based structure. 
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