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Introduction
Physical uplink control channel (PUCCH) is used to convey unlink control information (UCI). The following UCI may be transmitted in 5G: scheduling request (SR), acknowledgement feedback (ACK), and channel quality indicator (CQI) report. Since 5G is targeting a much higher data rate than LTE, the payload of UCI may also increase ranging from 1 bit to a few hundred bits. In [1], we present our view on the UCI content.  In this contribution, we express our view on the design of uplink control channel. 
Discussion
In 5G, a self-contained frame structure is being considered, where an uplink common burst is present at the end of each subframe, and an uplink regular burst is present only in the centre of uplink centric subframe. Such a frame structure can allow some critical control information for example SR or delay sensitive ACK to be transmitted in uplink common burst even in downlink centric subframe, while the rest of the UCI may be transmitted in uplink regular burst. The duration of uplink common burst will be shorter than uplink regular burst. For example, an uplink common burst may be one symbol while uplink regular burst may be 11 symbols. So control channel in common and regular burst will have different duration and hence different frame structure. The payload size and UCI contents may also be different. In uplink regular burst, we may have UEs with certain service for example mission critical UE with very short delay requirement. For such UEs, the ACK feedback may also need to be transmitted immediately and in very short duration, e.g., one symbol to reduce turnaround time. Such UEs may also need different frame structure to meet different error performance requirement. UEs with shorter transmission duration may be TMDed in time domain within uplink regular burst. On the other hand, at least cell edge UEs may need to extend their PUCCH transmission to possibly all symbols in uplink regular burst for processing gain. We therefore make the following proposals:
Proposal 1: Allow different formats of uplink control channel to have different transmission duration. 
For uplink regular burst with full transmission duration we might have a wide range of payload size for PUCCH from 1 bit to possibly a few hundred bits. But even the largest payload size is still small compared to PUSCH and may be transmitted with a small number of RBs, e.g., <6RB. We may need additional frequency diversity to improve performance. Such diversity can be achieved by transmitting PUCCH in 2 different frequency bands. We therefore propose to have two narrow band regions for PUCCH in the system band  similar to in LTE as illustrated in Figure 1. Slot-based frequency hopping may be used in the similar way to LTE. The location and bandwidth of each narrow band can be semi-statically configured by eNB. 
Proposal 2: eNB configures two narrow band regions for PUCCH transmission with sufficient separation in frequency domain and each PUCCH channel uses slot-based frequency hopping .
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Figure 1. PUCCH region in uplink regular burst, with slot based frequency hopping for each PUCCH channel

For shared spectrum deployment in future phase 2, we may consider an interlaced structure for PUCCH to meet the requirement that the transmission needs to span a certain bandwidth, e.g., 20MHz. Figure 2 illustrates such a structure, where one interlace is composed of multiple clusters and symbols in multiple clusters  are transmitted simultaneously.  This kind of multi-cluster transmission may have the RS symbols for each band reside in the same symbol location therefore may potentially incur smaller RS overhead for large payload size. In [2], we also considered different options for PUCCH to be multiplexed with PUSCH. For mmWave, small payload of UCI maybe transmitted in uplink common burst. Otherwise, UCI may be transmitted as part of PUSCH in regular burst. A dedicated PUCCH in regular burst is for further study. 
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Figure 2. Interlaced structure for  PUCCH in shared spectrum
We have the following proposal:
Proposal 3: Consider an interlaced structure for PUCCH in shared spectrum.
Because the payload size of PUCCH varies from 1 to possibly a few hundred bits. We may use different formats for different payload size levels to optimize performance similar to LTE. The frame structure as well as error code schemes could be different. We propose to split the payload size into at least 4 levels. One partitioning example may be as shown in the table 1. 

Table 1 Partitioning of PUCCH payload levels
	Payload level
	Payload size
	Coding

	1 
	[1,2]
	Repetition 

	2 
	[3,10]
	Reed-Muller

	3 
	[11, 100]
	TBCC

	4 
	100+
	LDPC



Proposal 4: Split all possible PUCCH payload sizes into four levels each with different frame structure and coding schemes.
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In this document, we consider the PUCCH design for 5G. Because some delay sensitive services might require a fast turnaround of ACK and immediate transmission of SR, these critical UCI may need to be transmitted in a short duration, e.g., 1 symbol. They can be transmitted either in uplink common burst or in uplink regular burst. On the other hand, at least cell edge UEs may need to extend their PUCCH transmission to possibly all symbols in uplink regular burst for processing gain. We therefore propose to have different transmission durations for PUCCH. And two narrow band PUCCH regions in system bandwidth can be configured at eNB for frequency diversity. Furthermore, all possible payload sizes may be split into at least 4 levels each with different frame structures and coding schemes to optimize the error performance for each level. In summary, we have the following proposals:
Proposal 1: Allow different formats of uplink control channel to have different transmission duration. 
Proposal 2: eNB configures two narrow band regions for PUCCH transmission with sufficient separation in frequency domain and each PUCCH channel uses slot-based frequency hopping .
Proposal 3: Consider an interlaced structure for PUCCH in shared spectrum.
 Proposal 4: Split all possible PUCCH payload sizes into four levels each with different frame structure and coding schemes.
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