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Introduction
In RAN1#88 & RAN1#88bis, a number of design principles for both ‘Short’ and ‘Long’ PUCCH were agreed [1], [2]:  
Agreements:
· For a given UCI payload, short-PUCCH is designed such that:
· UE multiplexing capacity can be less than that of long-PUCCH
· Performance including at least the following:
· Frequency-diversity
· Interference-diversity
· PAPR/CM and emission
· RS overhead
· Interference randomization should be enabled
· For more than 2 UCI bits, strive for scalable design with short-PUCCH 
Agreements:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

In this contribution, we focus on the interference randomization aspect of PUCCH with short duration. 
Background
In LTE various inter-cell and intra-cell interference randomization schemes were adopted in a complementary manner to combat with interference in the UL. Techniques such as sequence-group hopping consisting a combination of hopping and shifting of the sequence-group for both PUCCH and DM RS in each cell, cyclic shift hopping where a cyclic time-shift hopping is applied per SC-FDMA symbol of PUCCH, slot hopping where PUCCH is hopped from one edge of the band to the other in each slot, etc. 
[bookmark: _GoBack]In NR, PUCCH with long duration could inherit most of the interference randomization techniques which were adopted by LTE given that both long PUCCH and PUCCH formats in LTE share a lot of common characteristics (e.g., same waveform, long duration, etc.). However, from our perspective, it would be much more challenging to apply interference randomization to short-PUCCH given that it spans only one or two OFDM symbols. In the next section, we discuss a few options to address this exact problem.

Short PUCCH spanning one OFDM symbol
For PUCCH with short duration spanning one OFDM symbol, the options for interference randomization seem very limited, especially if the short PUCCH is mapped to localized RBs that are contiguous in frequency. One exception under this scenario could be when the UE is configured with aggregated mini-slots or slots. In fact, in RAN1#87, it was agreed that a UCI carried by long duration UL control channel can be transmitted in one slot or multiple slots at least with low PAPR design. Assuming the above agreement can be extended to Short PUCCH, then the UE may transmit the ‘Short PUCCH’ over aggregated mini-slots to enhance the coverage. In these scenarios, the UE may transmit PUCCH on a different resource on each mini-slot/slot using a pseudo-random hopping pattern which is a function of the mini-slot/slot number. This approach is a very powerful scheme for randomizing both intra-cell and inter-cell interference. 
An example of mini-slot hopping is shown in Figure 1 where in the Short PUCCH is transmitted on a different PRB within the allocated BW for PUCCH transmission in every mini-slot.

 
[bookmark: _Ref477268458]Figure 1: Interference randomization for Short PUCCH spanning one OFDM symbol

Proposal 1: A UCI carried by short PUCCH can be transmitted in multiple slots or mini-slots at least with low PAPR design and/or high interference environments.
Proposal 2: In case a UE transmits UCI over multiple slots or mini-slots, the PUCCH resource on each mini-slot/slot is hopped using a pseudo-random pattern which is at least a function of the mini-slot/slot number.

Short PUCCH spanning two OFDM symbols
For PUCCH with short duration spanning two OFDM symbols and multiple PRBs in the frequency domain, it seems there is more flexibility to introduce inter-cell and intra-cell interference randomization. One simple approach could be transmitting the UL control channel on different set of PRBs and/or code sequences for each OFDM symbol as shown in Figure 2.


[bookmark: _Ref477269619]Figure 2:  Interference randomization for Short PUCCH spanning two OFDM symbols

In this example, the UE first identifies the system-wide configured pool of UL control resources for the first and the second OFDM symbols within a slot allocated by gNB for Short PUCCH transmissions in the cell. This information may include the list of PRB indices within the UL bandwidth and the code sequence indices in the case of code division multiplexing of multiple PUCCH resources. Then, the UE determines the allocated set of PRBs and the code sequence indices (e.g., ZC sequence root/cyclic shift) for PUCCH transmission on the first OFDM symbol. According to the latest agreements [1], PUCCH resource determination rule could include implicit resource mapping and/or explicit signaling. Note that the resources on the first OFDM symbol are subsets of the identified pool of UL control resources configured by high layer signaling. Consequently, the UE derives the set of PRBs and the code indices within the pool of UL control resources in the second OFDM symbol for PUCCH transmission. Obviously, this approach does not preclude implicit resource mapping between the first and second OFDM symbols.
The key to randomize interference in this scheme is to hop the resources in the second OFDM symbol using a pseudo-random hopping pattern. For example, the UE may derive the set of PRB indices in the second OFDM symbol from a pseudo-random sequence obtained from the output of the length-31 Gold sequence generator. Alternatively, the UE may derive the set of PRB indices in the second OFDM symbol using a pre-configured one-to-one mapping function. In addition, the UE may derive the ZC sequence index in the second OFDM symbol using a pseudo-random cyclic shift offset of the assigned ZC sequence on the first OFDM symbol. 
It is worthwhile to mention that for this approach it is essential that each PRB (over which the PUCCH is transmitted) has its own RS. In other words, each PRB should be self-detectable using the RS that is multiplexed with the UCI in the same PRB. 

Proposal 3: A UCI carried by short PUCCH spanning two OFDM symbols can be transmitted on different set of PRBs and/or code sequences in each OFDM symbol.

Summary
In this contribution, we discussed various approaches for inter-cell and intra-cell interference randomization particular targeting Short PUCCH.
Proposal 1: A UCI carried by short PUCCH can be transmitted in multiple slots or mini-slots at least with low PAPR design and/or high interference environments.
Proposal 2: In case a UE transmits UCI over multiple slots or mini-slots, the PUCCH resource on each mini-slot/slot is hopped using a pseudo-random pattern which is at least a function of the mini-slot/slot number.
Proposal 3: A UCI carried by short PUCCH spanning two OFDM symbols can be transmitted on different set of PRBs and/or code sequences in each OFDM symbol.
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