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1 Introduction

At the RAN1#88bis meeting, the following agreements were made regarding 2-symbol short PUCCH [1]:

· 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 present our view on short PUCCH design with 2 symbol duration for NR.  
2 Short PUCCH design with 2 symbol duration

2.1 2-symbol PUCCH carrying same UCI in each symbol
For short PUCCH with 2 symbol duration, one straightforward approach is to carry the same UCI in both the symbols as discussed in the RAN1#88bis meeting [1], with the motivation of improving the link budget for short PUCCH transmission. Further, two design variants are considered:
· Option 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· Option 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

In our view, both design variants can be supported for short PUCCH with 2 symbol duration. More specifically, Option 1-1 can be employed for the case when 1 or 2 bit HARQ-ACK feedback is carried by short PUCCH with 2 symbol duration. As discussed in our companion contribution [2], for short PUCCH with 1 symbol duration, DMRS and UCI employ length-12 CAZAC sequences respectively, and are multiplexed in FDM manner on different subcarriers alternatingly. In this case, repeated structure for 1-symbol PUCCH can be utilized to form short PUCCH with 2 symbol duration. Further, sequence hopping for DM-RS generation or spreading sequence for UCI symbols can be employed to randomize the inter-cell interference.
In addition, Option 1-2 allows UCI symbols to be directly mapped into allocated resources in two symbols, which may be more appropriate for short PUCCH carrying relatively large UCI payload size, e.g. > 2 bits. With encoded UCI bits distributed across the symbols, maximal coding gain can be achieved and hence link budget can be improved compared to Option 1-1 for relatively large UCI payload size. 
Proposal 1:

· Both Option 1-1 and 1-2 are supported for 2-symbol short NR-PUCCH:
· Option 1-1 can be employed for 1 or 2 bit UCI payload.
· Option 1-2 can be employed for > 2 bits UCI payload.
As FDM based multiplexing of DM-RS and UCI symbols is supported for short UL control channel with 1 symbol duration, repeated DM-RS structure can be employed for short UL control channel with 2 symbol duration, as illustrated in Figure 1. 
This repeated DM-RS structure can help to improve channel estimation performance and robustness of short UL control channel, especially in the presence of residual time and frequency offsets. In this case, residual frequency offset can be estimated and compensated for using a simple phase differentiation algorithm at gNB receiver. 
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Figure 1. Repeated DM-RS structure for short PUCCH with 2 symbol duration
Proposal 2:

· Repeated DM-RS structure is employed for Option 1 for 2-symbol short PUCCH. 
2.2 2-symbol PUCCH carrying different UCIs
As an alternative option, different UCI types can be transmitted in same or different symbols for short PUCCH with 2 symbol duration [1]. For instance, CSI report and HARQ-ACK feedback can be transmitted in the first and second symbols of short PUCCH, respectively, which can help to relax UE processing time for DL data demodulation and decoding by one more symbol duration. For mini-slot based transmission, which may span only 1 or 2 symbol duration, this one symbol UE processing time relaxation may not be negligible. Hence, in light of the support of low latency application, Option 2 should be supported for NR, i.e., 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
Proposal 3:

· Option 2 is supported for NR, i.e., 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
To carry different UCIs in short PUCCH with 2 symbol durations, independent channel coding and resource mapping schemes may be employed for the transmission of different UCI types. Depending on payload size for UCI types, allocated resource size or even PUCCH formats may be different in two symbols for the transmission of CSI report and HARQ-ACK feedback. For instance, for 1 or 2 bit HARQ-ACK feedback, short PUCCH format 1 can be employed, which may occupy 2 PRBs in the second symbol. For CSI report with relatively large payload size, i.e. > 2 bits, short PUCCH format 2 may be utilized and transmitted in the first symbol. Figure 2 illustrates 2-symbol short PUCCH when different numbers of PRBs are allocated in two symbols. 
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Figure 2. Different number of PRBs for short PUCCH in two symbols
Note that depending on payload size of different UCI types, the number of PRBs used for the transmission of short PUCCH in two symbols may be substantially different, e.g., in case when payload size of CSI report is larger than that of HARQ-ACK feedback. This may lead to large transmit power variation in two symbols for short PUCCH transmission and the UE may not have sufficient power required to transmit the CSI. To address these issues, same number of PRBs can be allocated for short PUCCH with 2 symbol duration. In this case, CSI report may be transmitted in both symbols while HARQ-ACK feedback is only transmitted in the second symbol. The remaining resource and power at the last symbol, which are not used for HARQ-ACK, can be utilized for the CSI report.
Figure 3 illustrates two variants of 2-symbol short PUCCH when same number of PRBs is allocated in two symbols. In Option a), in the second symbol, HARQ-ACK feedback is transmitted in the middle of allocated resources while CSI report is mapped around the HARQ-ACK feedback. In Option b), HARQ-ACK feedback is mapped in a distributed manner in the second symbol, which may help in exploiting the benefit of frequency diversity.  
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Figure 3. Same number of PRBs for short PUCCH in two symbols
Proposal 4:

· For Option 2, same number of PRBs is allocated for short PUCCH in two symbols

· HARQ-ACK feedback is transmitted in the second symbol.
· Other UCI type including CSI report can be transmitted in both symbols. 
3 Conclusions

In this contribution, we shared our view on short PUCCH design with 2 symbol duration for NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1:

· Both Options 1-1 and 1-2 are supported for 2-symbol short NR-PUCCH:

· Option 1-1 can be employed for 1 or 2 bit(s) UCI payload.
· Option 1-2 can be employed for > 2 bits UCI payload.
Proposal 2:

· Repeated DM-RS structure is employed for Option 1 for 2-symbol short PUCCH. 
Proposal 3:

· Option 2 is supported for NR, i.e., 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
Proposal 4:

· For Option 2, same number of PRBs is allocated for short PUCCH in two symbols

· HARQ-ACK feedback is transmitted in the second symbol.
· Other UCI types including CSI report can be transmitted in both the symbols. 
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