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Introduction
The following agreements were made during the last meeting for 1-symbol PUCCH with more than 2 bits [1][2][3][4][5]:
Agreement:
· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.
·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.
· FFS: Details on RS
· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits
Agreements:
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI
· X1 to X2 PRBs can be configured to support various UCI payload sizes
· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 
· FFS: detailed PRB allocations and signaling of the configuration
· FFS: values of X1, X2
· DMRS overhead: down-select among the following options:
· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)
· Option 2: multiple values depending on, e.g. UCI payload size etc.
Agreement: 
· K=1 (if channel coding is applied):
· Repetition code
· K=2 (if channel coding is applied):
· Simplex code
· 3<=K<=11:
· LTE RM code
· Note that if NR requires a codeword size N that is not supported by the LTE RM code, then the LTE RM code will be extended by repetition as in LTE
· 12<=K:
· Polar code (single design for all control information sizes, except for possible omission of CRC bits for payloads <= ~22 bits)
Agreements:
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,
· DM-RS overhead of 1/3 is supported
· FFS on other values for DM-RS overhead, if necessary
· FFS on detailed DM-RS pattern
Agreements:
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported.

Agreements:
· 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

Working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB
· FFS: Shifted mapping

Agreements:
· Confirm the following working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB
· For short-PUCCH for UCI of more than 2 bits, DMRS is mapped on #1, #4, #7, #10 REs for a given RB
· Note: the RE indexing starts from 0
· PN sequences as for PUSCH (opt. 1) is used for DMRS sequence of short-PUCCH for UCI of more than 2 bits
Agreements:
· For two-symbol short-PUCCH with up to 2 UCI bits, sequence hopping between the two symbols is supported.
· FFS: The details of sequence hopping. 
· For one or two symbol(s) short-PUCCH for UCI of more than 2 bits, the encoded bits are scrambled.
· FFS on the scrambling initialization for the encoded bits

In this contribution, we discuss the remaining details on 1-symbol PUCCH structure for transmission of more than 2 UCI bits.
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Scrambling Sequence Generation
In the previous meetings, we agreed on the DMRS density of 1/3 with their corresponding positions within a PRB, being evenly distributed starting from the second RE in the associated PRB. Moreover, on the structure of the DMRS sequence, we agreed to adopt PN sequences as for PUSCH. We also agreed to scramble the encoded bits prior to the modulation. From our point of view, LTE PN sequence generator can be reused for NR and the same initialization should be used for NR PUCCH and PUSCH similar to those used for PUSCH as we discussed in our companion contributions [6][7]. Therefore, we propose the following which also includes the suggestion for initialization of PN generator:
Proposal 1:
· For 1-symbol short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for generation of DMRS as well as scrambling of the encoded bits.
· For DMRS in PUCCH, use the same initialization as for DMRS in PUSCH based on CP-OFDM.
· For scrambling of encoded bits in PUCCH, use the same initializing as for PUSCH based on CP-OFDM.
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Short PUCCH Resource Assignment 
On transmission time within the slot:
[bookmark: _Hlk494358258][bookmark: _Hlk494358384]We discussed in details in our companion contribution [8],  the benefits of enabling transmission of short PUCCH not only at the end of the slot, but in earlier occasions within the slot. Some use cases are the delay sensitive applications where it is not only important to send the transmission quickly but also to obtain HARQ feedback quickly. Another use case if to enable more frequent opportunities for SR, being especially useful for UE-triggered low-latency transmission.  Another case is relevant to the carrier aggregation scenario where high-band and low-band are used for DL and UL transmissions, respectively.  Without additional short PUCCH resources, the HARQ feedback is transmitted at the end of the low-band slot interval occurring several high-band slot intervals later. This results in a longer HARQ RTT and potentially larger soft-buffer requirements (depending on details of soft-buffer handling). Considering all these scenario, it is beneficial to support additional transmission opportunity for short PUCCH within a slot. Therefore, we propose the following which is applicable to the transmission of short PUCCH both for more or up to 2 bits [9]:
Proposal 2:
· In addition to the already agreed short PUCCH resources in the last and second last symbol, additional short PUCCH resources can be configured in other symbols of a slot.
On PRB allocation within a symbol:
It is agreed that the number of PRBs that can be used for short PUCCH transmission for more than 2 bits is configurable to support different UCI sizes. Couple of parameters impact the proper number of PRBs for short PUCCH transmissions which we discuss in the following. 
NR specifies different UCI encoders depending on the UCI payload. Reed-Muller codes are used up to 11 UCI bits while Polar codes are used for larger UCI sizes. The encoders have different error protection capabilities. Moreover, a short PUCCH resource for carrying more than 2 UCI bits, can include different types of UCI bits such as ACK/NACK, CSI or SR with different error requirements.  The UCI bits can contain one UCI type, for example only ACK/NACK bits or a combination of them, for example CSI and ACK/NACK bits. ACK/NACK typically has higher performance requirements than CSI, so a lower code rate would be needed for PUCCH containing ACK/NACK than PUCCH containing CSI assuming the same number of payloads. Furthermore, depending on the PUCCH transmission time, the number and content of UCI bits can vary among different transmissions depending on the scheduled PDSCH for example. Hence, in order to simplify the signalling while ensuring a proper code rate to meet the performance requirements, one clean solution would be to include a starting PRB in the PRB configuration for a short PUCCH resource allocation. The UE hence based on a pre-defined rule can determine whether additional PRBs are needed or not for the short PUCCH transmission and if yes, how many. The rule for example can be to determine the number of PRB based on the UCI size. In this manner, the various PRB sizes based on the rule are all aligned in the starting position. One example is shown in Figure 1 for contiguous PRBs which was agreed to be the prioritized PRB allocation. In this example, the UE in the short PUCCH resource is configured with PRB X1. Depending on the number of UCI bits, the UE determines whether to use PRB X1 or X2 or X3 where all are aligned in the starting position. It can be seen from the figure that if the UE misses the DL assignment and mistakenly assumes N1 UCI bits instead of N2 bits for example, it transmits on PRB X1 instead of PRB X2. The gNB is still performing PUCCH detection on PRB X2 which partly contains X1 due to the aligned starting position. If the starting positions of X1 and X2 and X3 were not aligned, the gNB would most probably miss most of the actual PRBs that were used by the UE.
[image: ]
[bookmark: _Ref492925900]Figure 1: Illustrative example on determining the number of PRBs based on the configured starting PRB (X1) and a pre-determined rule based on for example the number of UCI bits.
Proposal 3:
· A resource allocation for 1-symbol short-PUCCH for UCI of more than 2 bits, includes a starting PRB position. 
· The UE selects an additional number of PRB – if needed – based on a pre-defined rule. 
· FFS on the details of the rule.

PUCCH resource configuration:
It is important to note that since 2-sybmols PUCCH is an extension of the 1-symbol PUCCH, the frame work for resource assignment of 1-symbol PUCCH should be such that it can be extended to 2-symbol PUCCH. One approach is to indicate an additional parameter for PRB allocation of the second symbol where in case of 1-symbol, that parameter would not be applicable.
Based on the above discussion, the UE should be configured with the following parameters to determine the corresponding PUCCH resource:  
Proposal 4:
· For short-PUCCH with more than 2 bits, the UE is configured with the following parameters in the corresponding PUCCH resource:
· The symbol within the slot (denoted by “t0”)
· The starting PRB index for the first PUCCH symbol within the slot (denoted by “p0”)
· The starting PRB index for the second PUCCH symbol within the slot (denoted by “p1”)
· Note: This field is only applicable for 2-symbols short PUCCH

On simultaneous transmission of HARQ-ACK and/or CSI reporting and/or SR:
Since this short PUCCH supports more than 2 UCI bits, it can easily be used for simultaneous transmission of HARQ-ACK bits and other types of UCI bits including SR and CSI report. However, it is important that the UE and gNB have the same assumption on the number of UCI bits.
If the UE is intended to use this short PUCCH format for simultaneous transmission of HARQ-ACK bits and SR, the HARQ-ACK bits should be appended with one or more bits to represent SR configurations. If we assume as proposed in [9] that 1) only one positive SR can be transmitted at a given time irrespective of the number of configured SRs, the number of bits can potentially be reduced to represents the SR configuration number. On the other hand, if we assume that 2) multiple positive SRs can be transmitted simultaneously, a bit map approach can be used. 
For the simultaneous transmission of CSI feedback and HARQ-ACK bits (with or without SR) using this short PUCCH format, one can consider two approaches for encoding the UCI bits, namely as 1) joint encoding of all the UCI bits or 2) separately encoding of the CSI feedback and HARQ-ACK bits (with or without SR). The first approach can be considered simpler to implement but it may require more resources in the frequency domain to meet the error requirements of HARQ-ACK bits. From our point of view more investigations are needed to choose between join or separate coding.
Therefore, based on the above discussion we propose the following:
Proposal 5:
· Simultaneous transmission of HARQ-ACK bits and SR with the short PUCCH for more than 2 bits is supported.
· FFS whether to support simultaneous transmission of multiple positive SRs with HARQ-ACK bits or a single positive SR with HARQ-ACK bits
· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with the short PUCCH for more than 2 bits is supported.
· FFS whether to jointly or separately encode the CSI feedback and the HARQ-ACK bits with and without SR.

Conclusion
In this contribution, we investigated and discussed the remaining details on 1-symbol PUCCH structure for transmission of more than 2 UCI bits and propose the following:
Proposal 1:
· For 1-symbol short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for generation of DMRS as well as scrambling of the encoded bits.
· For DMRS in PUCCH, use the same initialization as for DMRS in PUSCH based on CP-OFDM.
· For scrambling of encoded bits in PUCCH, use the same initializing as for PUSCH based on CP-OFDM.

Proposal 2:
· In addition to the already agreed short PUCCH resources in the last and second last  symbol, additional short PUCCH resources can be configured in other symbols of a slot.
Proposal 3:
· A resource allocation for 1-symbol short-PUCCH for UCI of more than 2 bits, includes a starting PRB position. 
· The UE selects an additional number of PRB – if needed – based on a pre-defined rule. 
· FFS on the details of the rule.

Proposal 4:
· For short-PUCCH with more than 2 bits, the UE is configured with the following parameters in the corresponding PUCCH resource:
· The symbol within the slot (denoted by “t0”)
· The starting PRB index for the first PUCCH symbol within the slot (denoted by “p0”)
· The starting PRB index for the second PUCCH symbol within the slot (denoted by “p1”)
· Note: This field is only applicable for 2-symbols short PUCCH
· 
Proposal 5:
· Simultaneous transmission of HARQ-ACK bits and SR with the short PUCCH for more than 2 bits is supported.
· FFS whether to support simultaneous transmission of multiple positive SRs with HARQ-ACK bits or a single positive SR with HARQ-ACK bits
· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with the short PUCCH for more than 2 bits is supported.
· FFS whether to jointly or separately encode the CSI feedback and the HARQ-ACK bits with and without SR.
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