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Background
In RAN1 #88, the following design principles were agreed for short PUCCH.

Agreements:
· [bookmark: _GoBack]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 

Furthermore, several candidates were discussed and listed for both 1-symbol and 2-symbol PUCCH in short duration. In this contribution, we present our views on 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
Agreements:
· For 1-symbol PUCCH, consider following options
· Option 1: RS and UCI of one UE are multiplexed by FDM manner in each symbol.
· Already agreed.
· Option 4: Sequence based design without RS only for small (1~2) payload size case
· Information is delivered by which sequence/code is transmitted
· Sequence is mapped over contiguous or non-contiguous REs
· UCI sequence can be CDMed with DMRS sequence of other UEs
· Option 5: Sequence based design with RS only for small (1~2) payload size case
· Information is delivered by which/what sequence/code is transmitted
· RS and UCI are multiplexed by CDM manner
· Option 6: Pre-DFT multiplexing of RS and UCI
· Consider for both small and large UCI payload size cases
· Possibility 1: {CP + Pilot} + {CP + Data} to avoid MPI b/w pilot and data
· Possibility 2: CP + {Pilot + Data} as current DFT-s-OFDM
· Other possibilities are not precluded
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting

Among the listed options above, Option 1 with UCI and RS multiplexing in FDM manner is already support. The UE multiplexing capabilities of RS and UCI should be further studies to down select the number of formats for a short 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. Within each RB, multiple RS patterns can be considered with different overheads, as shown in Figure 1. 



Figure 1. Different RS overhead in a RB for short PUCCH
The RS and UCI multiplexing should be defined in RB level. Within each RB, a higher number of RS symbols results in better demodulation accuracy, but less number of REs is left for UCI payload.

The same RS pattern should be used for UE multiplexing between different UEs on the same RB. For RS multiplexing, different UEs may share the same RS resources and separated by different orthogonal sequences. The number of orthogonal sequences is determined by the number of REs in the RS pattern.
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. However, considering UE multiplexing capabilities, the number of orthogonal sequences applied on UCI REs should be the same as the number of orthogonal sequences applied on the RS pattern. This provides the best tradeoff between UCI payload and UE multiplexing capabilities. 
For example, if 4 REs are used as DMRS in a RB, up to 4 UEs can be multiplexed in the same RB with different orthogonal covering codes. For the remaining 8 REs used for UCI, 4 orthogonal sequences with length of 8 should be defined to match the RS multiplexing capability. Thus, each UE can carry 2 UCI coded information bits in each RB.
Therefore, for 1-symbol short PUCCH design, number of RBs, the payload size, and the spreading factor on RS and UCI carrying symbols should be jointly designed with the tradeoff of the UE multiplexing capability and payload sizes. 
Proposal 1: For 1-symbol short PUCCH, the UE multiplexing capability should be the same on the RS pattern and UCI carrying SRs in each RB. 
2-symbol PUCCH

Agreements:
· For 2-symbol PUCCH, consider following options
· Option 1: RS and UCI are multiplexed by FDM manner in each symbol.
· Option 2: RS and UCI are multiplexed by TDM manner.
· Option 3: RS and UCI are multiplexed by FDM manner in one symbol and only UCI is carried on another symbol without RS
· Option 4: Sequence based design without RS only for small payload size case
· Option 5: Sequence based design with RS only for small payload size case
· Option 6: Pre-DFT multiplexing in one or both symbol(s)
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting

For 2-symbol PUCCH, both CP-OFDM and DFT-S-OFDM may be supported. A 2-symbol short PUCCH can occupy one RB or multiple RBs based on the payload size, multiplexing capabilities, etc. 
Option 2 is appropriate for DFT-S-OFDM waveform, where 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. The 2-symbol shortened TTI PUCCH design could be reused in this case. 
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 2a). 
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 2b), the DMRS of UE1 and UE2 can be separated; and in Figure 2c), the DMRS of UE1 and UE2 are aligned together. In both cases, the interference on RS by UCI symbols is avoided.


Figure 2. DMRS alignment for 2-symbol short PUCCH
Proposal 2: For DFT-S-OFDM based 2-symbol PUCCH, support RS and UCI are multiplexed by TDM manner. 
For CP-OFDM waveform, it is straightforward to reuse the RS pattern and UCI multiplexing methods defined for 1-symbol CP-OFDM based PUCCH in each symbol. To further enhance the demodulation accuracy, different RS location may be applied on different symbols, as shown in Figure 3a). However, include DMRS in two consecutive symbols may introduce unnecessary RS overhead. 
Thus, RS of a UE may be present only in one symbol as in Option 3. In fact, Option 3 can be viewed as a special case of Option 1, where the DMRS of different UEs are separated by different RE locations and patterns. 
For example in Figure 3b), the RS is only present in symbol 1 for UE1 and RS is only present in symbol 2 for UEs. By using different RS location, the interference on RS among UEs can be reduced. For UCI multiplexing, the REs of all RS patterns should be avoided. This achieves the same number of UCI carrying REs on both symbols, and can simplify the UCI multiplexing design. 
Proposal 3: For CP-OFDM based 2-symbol PUCCH, further down select among Option 1 and Option 3 for RS and UCI multiplexing.


Figure 3. 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 UE multiplexing capability should be the same on the RS pattern and UCI carrying SRs in each RB. 
Proposal 2: For DFT-S-OFDM based 2-symbol PUCCH, support RS and UCI are multiplexed by TDM manner. 
Proposal 3: For CP-OFDM based 2-symbol PUCCH, further down select among Option 1 and Option 3 for RS and UCI multiplexing.
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