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Background
In control channel design, physical uplink control signalling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests. A short PUCCH may consist of one or two symbols. In RAN1 NR ad hoc in Jan 2017 [1], it was agreed that for PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:
· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.
· FFS actual structure and waveform.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

In this contribution, we discuss more detailed structure of 1-symbol and 2-symbol PUCCH in short duration, focusing on RS and UCI multiplexing methods within a RB.

UCI and RS multiplexing in 1-symbol PUCCH
A short PUCCH may support a large range of payload sizes, from one or two bits, to several tens of bits. Thus, a 1-symbol short PUCCH can occupy one RB or multiple RBs based on the payload size, multiplexing capabilities, etc. The UCI/RS multiplexing provides better flexibility for resource scheduling, e.g. 
· Different RS patterns may be defined to provide different RS overhead and multiplexing capabilities. 
· Orthogonal sequences can be applied in frequency domain for UCI multiplexing among different UEs.
Within each RB, multiple RS patterns can be considered with different overheads, as shown in Figure 1. A higher number of RS symbols results in better demodulation accuracy, but less number of REs is left for UCI payload.
For RS multiplexing, at least two methods can be considered, as shown in Figure 2. Different UEs may share the same RS resources and separated by different orthogonal sequences; or different UE can use different RS patterns with orthogonal RE resources.
Besides the RS symbols, the remaining REs in a RB can be used to carry UCI symbols, different UCI multiplexing capabilities and payload sizes can be achieved by applying different sets of orthogonal sequences. Therefore, for 1-symbol short PUCCH design, the spreading factor on RS and UCI carrying symbols should be jointly designed with the tradeoff of the UE multiplexing capability and payload sizes. RAN1 should define several payload size limits to reduce the potential PUCCH format candidates/configurations.
Proposal 1: For 1-symbol short PUCCH, the number of RBs, the payload size, the RS and UCI multiplexing capabilities within a RB should be considered jointly.


Figure 1. Different RS overhead in a RB for short PUCCH


Figure 2. RS multiplexing methods for different UEs
2-symbol PUCCH
A 2-symbol short PUCCH can occupy one RB or multiple RBs based on the payload size, multiplexing capabilities, etc. For 2-symbol PUCCH, both CP-OFDM and DFT-S-OFDM may be supported. 
In case of DFT-S-OFDM waveform, the RS pattern and UCI information bit can be multiplexed in TDM manner, i.e. one symbol is used to carry DMRS, another symbol is used for coded UCI information bits. LTE Zadoff–Chu (ZC) sequences and cyclic shifts can be reused for the DMRS pattern. 
The DMRS position of a 2-symbol short PUCCH should be further studied. As a simple method, the RS should always be transmitted before the UCI carrying symbol. However, if a short PUCCH can start from any symbol, the short PUCCH of different UEs can be misaligned with each other. Thus, the UCI symbols of one UE will interference the RS of another UE, as illustrated in Figure 3a). 


Figure 3. DMRS alignment for 2-symbol short PUCCH
To avoid that, the RS position in a 2-symbol short PUCCH may be indicated to a UE, or the RS position can be determined implicitly based on the symbol index in a slot, e.g. odd indexed are used as RS, or vice versa. For example in Figure 3b), the DMRS of UE1 and UE2 can be separated; and in Figure 3c), the DMRS of UE1 and UE2 are aligned together. In both cases, the interference on RS by UCI symbols is avoided.
In case of CP-OFDM, the RS pattern in a symbol can be based on the RS pattern defined for 1-symbol CP-OFDM based PUCCH. More studies are needed for the RS and UCI symbol multiplexing. If the RS of different UEs may be separated by different sequences, DMRS should be present in all symbols. On the other hand, if the DMRS of different UEs are separated by different RE locations/patterns, the RS of a UE may be present only in one symbol, as shown in Figure 4a); or in both symbols with the same RS pattern or different patterns as shown in Figure 4b) and Figure 4c) respectively. 
Proposal 2: For 2-symbol PUCCH, both DFT-S-OFDM and CP-OFDM waveforms should be supported. FFS on the detailed RS positions/patterns for each case.


Figure 4. RS pattern for UE multiplexing in 2-symbol short PUCCH
Conclusion
In this contribution, we discuss RS and UCI multiplexing structures for 1-symbol and 2-symbol short PUCCH design in NR. Based on the discussions, we propose:
Proposal 1: For 1-symbol short PUCCH, the number of RBs, the payload size, the RS and UCI multiplexing capabilities within a RB should be considered jointly.
Proposal 2: For 2-symbol PUCCH, both DFT-S-OFDM and CP-OFDM waveforms should be supported. FFS on the detailed RS positions/patterns for each case.
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