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Introduction
In RAN1 88bis [1], 2-symbol short PUCCH has been discussed with the following agreements: 
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 discuss the channelization of 2-symbol short PUCCH for different UCI content. In Section 2, channelization of 2-symbol short PUCCH for time-sensitive UCI such as HARQ-ACK is discussed. In Section 0, channelization of 2 symbol short PUCCH for non-time-sensitive UCI is described. The conclusions are drawn in Section 0. 
[bookmark: _Ref481593058]2-symbol short PUCCH with time-sensitive UCI
Here, time-sensitive UCI is defined as UCI that has to be transmitted from UE to eNB in the earliest slot. One example of time-sensitive UCI is ACK/NACK for UEs with K1=0. Per agreement in RAN1 86bis [2], “Some UEs may support K1=0”, where “DL data reception in slot N and corresponding acknowledgment in slot N+K1”. “K1=0” means that UE needs to decode DL PDSCH and transmit ACK/NACK right away in the same slot, which is very challenging. Another example of time-sensitive UCI is CSI feedback in some cases. For example, in URLLC, UE may need transmit CQI based on PDSCH decode result (success/failure) in the same slot. A lower CQI is transmitted to eNB if PDSCH decoding failed and vise versa. In this case, the CQI becomes time-sensitive UCI.
For time-sensitive UCI, the timeline is very critical at UE side. Therefore, for those UEs with time-sensitive UCI, a good design principle is putting the time sensitive UCI at the second symbol, while put RS or other non-time-sensitive UCI in the first symbol to obtain one OFDM symbol worth of additional processing time for the time-sensitive UCI. 
With the proposal of keeping time-sensitive UCI in the second symbol, the detailed design of 2-symbol short PUCCH is described for the following scenarios: 
· Time-sensitive UCI only
· Time-sensitive UCI + non-time-sensitive UCI
· Time-sensitive UCI + SRS

When a UE only has time-sensitive UCI (e.g. 1 or 2 bits ACK/NACK) to transmit in 2-symbol short PUCCH, as shown in Figure 1, ACK/NACK is transmitted in the second symbol, following ZC sequence based 1-symbol PUCCH design [3]. To make use of the first symbol, DMRS is transmitted in the first symbol to improve channel estimation. ZC sequences can be utilized for both DRMS and 1 or 2 bits ACK/NACK UCI such that both symbols can have low PAPR, which improves the coverage of short PUCCH for link budget limited UEs. 


[bookmark: _Ref477973495][bookmark: _Ref463021226]Figure 1: 2-symbol PUCCH structure for time-sensitive UCI such as 1 or 2 bits ACK/NACK.
When a UE have two different types of UCI content where one is time sensitive (e.g. 1 or 2 bits ACK/NACK) while the other one is not time-sensitive (CSI feedback), as shown in Figure 2, time sensitive UCI is transmitted in the second symbol, following ZC sequence based 1-symbol PUCCH design [3]. Non-time-sensitive UCI is transmitted in the first symbol, following preDFT based 1-symbol PUCCH design [4]. Noticing that with this proposal, both symbol can keep single carrier waveform to explore the benefit of low PAPR, which increasing the coverage of link budget limited UEs.
The same 2-symbol PUCCH channel structure can be utilized to CBG based more than 2 bits ACK/NACK in the case of supporting K1=0 [5]. In this case, the total more than 2 bits ACK/NACK can be partitioned into two groups. The first group contains the ACK/NACK bits corresponding to the CBGs that are decoded first in UE decoding timeline. From ACK/NACK transmission timeline perspective, the first group of ACKs/NACKs is non-time-sensitive UCI, which is transmitted in the first PUCCH symbol as shown in Figure 3. The second group contains the last one or two ACK/NACK bits for the last one or two CBGs. The second group of ACKs/NACKs is time-sensitive UCI from UE transmission perspective. Therefore, the second group is transmitted in the second PUCCH symbol.


[bookmark: _Ref481615779]Figure 2: 2-symbol PUCCH structure for simultaneous time-sensitive and non-time-sensitive UCIs from one UE.
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[bookmark: _Ref481773898]Figure 3: multi-bits ACK for self contained transmission (K1=0) with 2 short PUCCH symbols
Similarly, when SRS and time sensitive UCI are transmitted simultaneous from the same UE, as shown in Figure 4, in order to have one symbol of extra processing time for time sensitive UCI, SRS is transmitted in the first symbol, while time sensitive UCI is transmitted in the second symbol


[bookmark: _Ref481616191]Figure 4: 2-symbol PUCCH structure for simultaneous time-sensitive UCI and SRS from one UE.
In summary, in order to allow one symbol of more processing time for time-sensitive UCI in 2-symbol PUCCH, we have the following proposal.
[bookmark: _Ref481593066]Proposal 1: Time-sensitive UCI is transmitted in the second symbol. Non-time-sensitive UCI or RS is transmitted in the first symbol.
· Both Time-sensitive UCI (in second symbol) and non-time-sensitive UCI (in first symbol) follow 1-symbol PUCCH design respectively.  
2-symbol short PUCCH with non-time-sensitive UCI only
For non-time-sensitive UCI, similar to what was agreed for 1-symbol PUCCH, we need consider different UCI payload size as below
· 1 or 2 bits non-time-sensitive UCI
· More than 2 bits non-time-sensitive UCI
 
For 1 or 2 bits non-time-sensitive UCI, the proposal for 2-symbol PUCCH channel structure is illustrated. Sequence based 1-symbol PUCCH is repeated over two symbol, with additional frequency hopping to explore frequency diversity.  
For more than 2 bits non-time-sensitive UCI, firstly, UCI bits are encoded. The encoded bits are then distributed evenly cross the two PUCCH symbols. For each PUCCH symbol, following the preDFT design of 1-symbol PUCCH [4], DMRS is multiplexed with encoded bits before DFT. Frequency hopping is also support between the two symbols to explore more diversity.  


Figure 5: 2-symbol PUCCH structure 1 or 2 bits non-time-sensitive UCI.


Figure 6: 2-symbol PUCCH structure for simultaneous time-sensitive and non-time-sensitive UCIs from one UE.
[bookmark: _Ref481593080]Proposal 2: If non-time-sensitive UCI only
· For 1 or 2 bits UCI, repeat sequence based 1-symbol design over two symbols.
· For more than 2 bits UCI, distribute encoded UCI over two symbols. The transmission in each symbol following preDFT multiplex RS/UCI design for 1-symbol PUCCH.
Conclusions
The following proposals are for 2-symbol short PUCCH. 
Proposal 1: Time-sensitive UCI is transmitted in the second symbol. Non-time-sensitive UCI or RS is transmitted in the first symbol.
· Both Time-sensitive UCI (in second symbol) and non-time-sensitive UCI (in first symbol) follow 1-symbol PUCCH design respectively.  
Proposal 2: If non-time-sensitive UCI only
· For 1 or 2 bits UCI, repeat sequence based 1-symbol design over two symbols.
· For more than 2 bits UCI, distribute encoded UCI over two symbols. The transmission in each symbol following preDFT multiplex RS/UCI design for 1-symbol PUCCH.
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