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1 Introduction

At the RAN1#89 meeting, the following agreements were made regarding 2-symbol short PUCCH [1]:

· For 2-symbol NR-PUCCH

· Option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1

· FFS method for sending UCI with more than 2 bits

· Option 2 is not supported.

· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
Further, the following agreements were made with regard to frequency hopping for 2-symbol PUCCH [1]:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol

· FFS for distributed (non-contiguous) PRB allocation
At the RAN1#90 meeting, the following was agreed for 2-symbol short PUCCH with more than 2 bits UCI [2]:

· For 2-symbol short-PUCCH for UCI of more than 2 bits, encoded UCI bits are mapped across two symbols.

· FFS: 1 symbol short-PUCCH for UCI of more than 2 bits are repeated across 2 symbols with or without freq. hopping
In addition, the following agreements were made on 1-symbol short PUCCH carrying up to and more than 2 bits UCI [2]:

· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.

· Further study 24 or 48 REs.

· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).

· Including comb-structure

· For the sequence length of 12 REs,

· The supported number of base sequences is 30

· The number of cyclic shifts available for one base sequence is 12

· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· The number of PRBs that can be used for a PUCCH is configurable.

· Support contiguous and non-contiguous PRB allocation.

· If prioritization is necessary, contiguous PRB allocation is prioritized.

· The number of DM-RS REs per PRB is 4.

· DM-RS REs are at the fixed positions within a PRB.
· The sequences used for DM-RS are one of the following:

· Option 1: PN sequences as for PUSCH
· Option 2: LTE computer-generated/ZC sequence

The following working assumption was made for DM-RS structure for 1-symbol short PUCCH carrying more than 2 bits UCI [2].
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· DMRS REs are evenly distributed within a PRB

· FFS: Shifted mapping
Further, the following was agreed for intra-slot frequency hopping for PUCCH in a slot [2]:

· Frequency-hopping for a PUCCH occurs within the active UL BWP for the UE

· FFS message 4 ACK/NACK

· FFS multiple active BWP

· The active BWP refers to BWP associated with the numerology of PUCCH

In this contribution, we present our view on short PUCCH design with 2 symbol duration for NR.  
2 Discussion on 2-symbol short PUCCH
The main motivation of introducing 2-symbol short PUCCH is to improve the link budget for the transmission of short PUCCH with 1 symbol duration. As agreed in the RAN1, for 2-symbol short PUCCH carrying up to 2 bits UCI, same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH. In addition, for 2-symbol short PUCCH carrying more than 2 bits UCI, encoded UCI bits are mapped across two symbols. 

In this section, we share our view on the 2-symbol PUCCH design for UCI with up to and more than 2 bits payload.  

2.1 2-symbol PUCCH design for up to 2 bits UCI
As agreed in RAN1 Adhoc#2 [3], sequence selection based option is adopted for short PUCCH carrying up to 2 bits UCI. More specifically, independent resources in the frequency and/or code domain can be assigned to carry HARQ-ACK feedback or SR. For this short PUCCH structure, gNB may perform simple energy detection to differentiate HARQ-ACK or SR and thus leads to reduced receiver complexity. 

For 1-symbol short PUCCH, sequence hopping can be employed in order to randomize the inter-cell interference. More specifically, in case when length-12 computer generated sequence as defined in LTE PUCCH is used for sequence generation, cyclic shift value for sequence generation can be determined according to a hopping pattern which is defined as a function of virtual cell ID. Further, cyclic shift can vary on a symbol and slot basis similar to LTE PUCCH format 1/1a/1b to further randomize the interference. 
As agreed in the RAN1 Adhoc#2, DM-RS for long PUCCH with up to 2 bits UCI is based on a sequence and the modulated UCI bit is multiplied with a sequence in frequency domain [3]. To minimize specification and implementation effort, same set of sequences, e.g., computer generated sequence can be specified for both short and long PUCCHs. In this regard, short and long PUCCHs with up to 2 bits UCI can be multiplexed in a same physical resource by assigning distinct cyclic shift values, as shown in Figure 1. Note that in the figure, short PUCCH carrying SR may be configured on a symbol-level basis, as agreed in the RAN1#90 meeting. 
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Figure 1. Multiplexing of short and long PUCCHs in a CDM manner
To effectively multiplex 1-symbol and 2-symbol short PUCCH and long PUCCH carrying up to 2 bits UCI in a same physical resource, same cell specific hopping pattern can be defined, which may help to simplify the scheduler operation at gNB. In this case, gNB may configure or indicate different cyclic shift values for short and long PUCCHs respectively. With same cell specific cyclic shift hopping, distinct cyclic shift values for short and long PUCCHs can be ensured. 
Proposal 1:

· For 2-symbol short PUCCH carrying up to 2 bits UCI, sequence hopping is applied between the two symbols to randomize the inter-cell interference. 
· Same set of sequences can be specified for short and long PUCCHs carrying up to 2 bits UCI. .

2.2 2-symbol PUCCH design for more than 2 bits UCI
For 2-symbol short PUCCH with more than 2 bits UCI, encoded UCI bits are mapped across two symbols, which can help in achieving maximal coding gain and hence improving link budget for relatively large UCI payload size. As agreed in the RAN1#90 meeting, evenly distributed DM-RS pattern with 4 REs in a PRB was agreed as a working assumption for 1 symbol short PUCCH carrying more than 2 bits UCI [2]. 
For 2-symbol short PUCCH with more than 2 bits UCI, several options can be considered for DM-RS pattern as shown in Figure 2:
· Option a): repeated DM-RS structure. 
· Option b): DM-RS is only transmitted in the first symbol.
For option a), the 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 by using a simple phase differentiation algorithm at gNB receiver. On the other hand, option b) may help to reduce coding rate and improve the decoding performance. With 1/3 DM-RS overhead for 1-symbol short PUCCH, coding gain by employing DM-RS overhead reduction can be improved by 10log10(20/16) ≈ 1dB. Hence, in our view, repeated DM-RS structure should be supported as a baseline while DM-RS overhead reduction can be further considered so as to improve the coding gain for 2-symbol short PUCCH.  
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Figure 2. Potential DM-RS structure for 2-symbol short PUCCH with more than 2 bits UCI
Proposal 2:

· For 2-symbol short PUCCH carrying more than 2 bit UCI

· Repeated DM-RS structure is supported as a baseline.

· DM-RS overhead reduction can be further considered to improve the coding gain. 
2.3 Frequency hopping for 2-symbol short PUCCH
As agreed in RAN1#90 meeting [1], frequency hopping of a PUCCH occurs within the active UL BWP for the UE. Similar to LTE PUCCH, NR PUCCH with 2 symbol duration may be transmitted at or near the edge of UL bandwidth part, following a mirrored pattern in each symbol. Alternatively, UE may perform frequency hopping for 2-symbol short PUCCH between two configured frequency resources. 

Figure 3 illustrates candidate frequency hopping options for 2-symbol short PUCCH. Given that different UEs may have different capabilities on the support of transmission bandwidth, it may be more desirable to configure the frequency resources for the transmission of 2-symbol short PUCCH. This may provide more flexibility from network perspective on the scheduling of data or control channels, especially while considering the support of a wider system bandwidth. In this regard, gNB may assign certain UL control region within a wide system bandwidth, and multiple UEs can be multiplexed within the same UL control region or physical resources for short PUCCH transmission. 
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Figure 3. Hopping bandwidth for 2-symbol short PUCCH
Even when hopping bandwidth is configured within UL BWP, one issue may arise due to transient period for UE to perform frequency hopping or adjust transmit power. According to LS from RAN4, for frequencies below 6 GHz, UE transient period for NR is 10µsec. For frequencies above 24 GHz, UE transient period for NR is 5µsec [4]. In this regard, the frequency diversity gain may be diminished for short UL control channel with 2 symbol duration. This is even more pronounced in case when a larger subcarrier spacing is employed as UE may need to take a large portion of the symbol duration as transient period. 
Based on the discussions above, depending on UE capability or numerology used for short PUCCH, frequency hopping may not be performed for 2-symbol short PUCCH. In this regard, whether to frequency hop or not can be semi-statically configured or determined according to numerology employed for the transmission of short PUCCH. 
Proposal 3:

· Frequency resources are configured by higher layers for frequency hopping for 2-symbol short PUCCH. 
· Whether to frequency hop or not can be semi-statically configured or determined according to numerology employed for the transmission of short PUCCH. 
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:

· For 2-symbol short PUCCH carrying up to 2 bits UCI, sequence hopping is applied between the two symbols to randomize the inter-cell interference. 

· Same set of sequences can be specified for short and long PUCCHs carrying up to 2 bits UCI. .

Proposal 2:

· For 2-symbol short PUCCH carrying more than 2 bits UCI

· Repeated DM-RS structure is supported as a baseline.

· DM-RS overhead reduction can be further considered to improve the coding gain. 

Proposal 3:

· Frequency resources are configured by higher layers for frequency hopping for 2-symbol short PUCCH. 
· Whether to frequency hop or not can be semi-statically configured or determined according to numerology employed for the transmission of short PUCCH. 
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