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1. Introduction
From the regulatory requirement in [1], there are requirements on the occupied channel bandwidth for unlicensed carrier. For convenience, the requirements are shown below
· The occupied channel bandwidth shall be between 80 % and 100 % of the declared nominal channel bandwidth. 
· During an established communication, a device is allowed to operate temporarily in a mode where its occupied channel bandwidth may be reduced to as low as 40 % of its nominal channel bandwidth with a minimum of 4 MHz. 
The occupied channel bandwidth is the bandwidth containing 99 % of the power of the signal. The nominal channel bandwidth is the widest band of frequencies inclusive of guard bands assigned to a single channel (at least 5MHz). In this paper, we consider the design of PUCCH to satisfy the requirements on the occupied channel bandwidth.
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For PUCCH format 1/1a/1a, 2/2a/2b, 3, and 5, the occupied resource in frequency domain is only one RB and thus the requirement on the occupied channel bandwidth is not satisfied. For PUCCH format 4, there can be more than one resource blocks per PUCCH. For convenience, the resource allocation for PUCCH format 4 is shown below.

For PUCCH format 4, the physical resource blocks to be used for transmission of PUCCH in slot  are given by



where  is obtained from [4].

From above formulation, we know the resource blocks of PUCCH format 4 are contiguous and thus requirements on the occupied channel bandwidth may not be satisfied.

Therefore, we have

Observation 1: Some modifications on the legacy PUCCH formats may be required to satisfy the requirements on the occupied channel bandwidth.


3. Modified PUCCH designs
For PUCCH format 1/1a/1a, 2/2a/2b, 3, and 5, repeating the PUCCH resource in the frequency domain can be considered to satisfy the requirements on the occupied channel bandwidth. For example, the PUCCH resources can be repeated every M RBs. As shown in Figure 1, suppose M = 5 and the index of occupied PUCCH RBs is {1, 6, 11, …, 96}.



[bookmark: _Ref441585589]Figure 1 Repeating for PUCCH format 1/1a/1b/2/2a/2b/3/5 on unlicensed carrier

For PUCCH format 4, two alternatives can be considered to satisfy the requirements on the occupied channel bandwidth. 

1. Block repetition of PUCCH resources
The PUCCH resources can be block-repeated in frequency domain. For example, the PUCCH resources are repeated every M RBs. As shown in Figure 2, suppose = 3 and M = 5. The index of occupied RBs is {1, 2, 3, 6, 7, 8, 11, 12, 13,  …, 96, 97, 98}.




[bookmark: _Ref441585662]Figure 2 Block-repeating for PUCCH format 4 on unlicensed carrier


2. Distributed mapping of PUCCH resources + self repetition of PUCCH resources
First, the resource of PUCCH is uniformly allocated in the whole bandwidth. Then each PUCCH RB is repeated in the corresponding sub-block. For example, as shown in Figure 3 suppose = 3. First the three PUCCH RBs are uniformly allocated in the whole bandwidth. Then the 0th PUCCH RB is repeated every M RBs in the region [0, 32], 2nd PUCCH RB is repeated every M RBs in the region [33, 35], and 3rd PUCCH RB is repeated every M RBs in the region [66, 99], 





[bookmark: _Ref441682297]Figure 3 Distributed mapping + self-repeating for PUCCH format 4 on unlicensed carrier

Therefore, we have

Proposal. To satisfy the requirements on the occupied channel bandwidth, some modifications is made for the existing PUCCH
· For PUCCH format 1/1a/1a, 2/2a/2b, 3, and 5, repeating the PUCCH resource in the frequency domain can be considered.
· For PUCCH format 4, two alternatives can be considered
· Block repetition of PUCCH resources in frequency domain
· Distributed mapping of PUCCH resources + self repetition of PUCCH resources in frequency domain	

When the PUCCH resource is repeated in the frequency domain, PAPR becomes larger than the case without repetition. Thus, PAPR reduction must be taken into considerations when repetition in frequency domain is used.

Observation 2: PAPR reduction must be taken into considerations when repetition in frequency domain is used.
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4. [bookmark: _Ref129681832]Conclusion
According to the above discussion, we have
Observation 1: Some modifications on the legacy PUCCH formats are required to satisfy the requirements on the occupied channel bandwidth.
Proposal. To satisfy the requirements on the occupied channel bandwidth, some modifications is made for the existing PUCCH
· For PUCCH format 1/1a/1a, 2/2a/2b, 3, and 5, repeating the PUCCH resource in the frequency domain can be considered.
· For PUCCH format 4, two alternatives can be considered
· Block repetition of PUCCH resources in frequency domain
· Distributed mapping of PUCCH resources + self repetition of PUCCH resources in frequency domain	
Observation 2: PAPR reduction must be taken into considerations when repetition in frequency domain is used.
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