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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]:
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

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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The 1-symbol short PUCCH design is based on the CP-OFDM where the UCI and DMRS are multiplexed using FDM. We would like to mention that the CP-OFDM-based format enables higher payloads than the sequence-based PUCCH formats, but lacks the UE multiplexing capabilities on a single PRB. It also has a relatively high PAPR/CM and hence is not suited for coverage optimization.
The remaining of the contribution discusses solutions for the design purpose of the short PUCCH for more than 2 bits.
On the DMRS Design
In the previous meeting, we agreed on the DMRS density of 1/3 with fixed position within a PRB. It was also agreed as a working assumption that the DMRS REs are evenly distributed within a PRB. From our point of view, the distributed positions for DMRS REs is a reasonable choice for providing good channel estimation across all the UCI symbols within a PRB.  
Additionally, as we can be observed from Figure 1, for the DM-RS overhead of 1/3 per PRB, there are three possible patterns for the DM-RS positions in the frequency domain. However, in order to reduce complexity and manage the inter-cell interference, by reducing the data and DMRS collisions, we propose not to enable shifted DMRS patterns and propose to adopt one single pattern for DM-RS positions in the frequency domain. Among the three patterns shown in Figure 1, the second pattern provides fair share of the channel estimate for all the UCI symbols even for a short PUCCH spanning one PRB. Therefore, while we confirm the working assumption, we propose the following:
Proposal:
· For 1-symbol short-PUCCH for UCI more than 2 bits,
· The 4 DMRS REs per PRB are mapped to 2nd, 5th, 8th and 11th subcarriers of the PRB.
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[bookmark: _Ref492650867]Figure 1: Illustration of DMRS mapping on a PRB for more than 2 UCI bits for 1-symbols PUCCH with 1/3 density assuming different sub-carrier mapping within a PRB
On the structure of the DMRS sequence, we prefer the sequences used for DM-RS in transmission of short PUCCH for more than 2 bits to be aligned as much as possible with those used for DM-RS for CP-OFDM PUSCH. Therefore, among the two options, we are in favor of adopting PN sequences as for PUSCH with UE specific sequence seed configured by higher layer. Therefore,  we propose the following:
Proposal:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· The sequences used for DM-RS are PN sequences similarly to PUSCH.
· The sequence seed is UE specific and configured by higher layers.

On the UCI design
The structure of 1-symbol PUCCH for supporting more than 2 UCI bits is such that in this format, DM-RS uses a subset of subcarriers allocated on a comb and the remaining subcarriers are modulated with channel encoded, and QPSK-mapped UCI. However, in order to reduce inter-cell interference, scrambling of the encoded bits are beneficial similar to PUSCH. Additionally, F similar to DMRS, a UE specific scrambling code configured by higher layers can be used for scrambling the encoded UCI bits. Therefore, we propose the following:
Proposal:
· For 1-symbol short-PUCCH for UCI of more than 2 bits, the encoded UCI bits are scrambled.
· For 1-symbol short-PUCCH for UCI of more than 2 bits, the sequence seed for scrambling the encoded UCI bits, is UE specific and configured by higher layers.
On the PRB allocation
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 2 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.
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[bookmark: _Ref492925900]Figure 2: Illustrative example on determining the number of PRBs based on the configured staring PRB (X1) and a pre-determined rule based on for example the number of UCI bits.
Therefore, based on the above discussion, we propose the following:
Proposal:
· 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.
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:
Proposals:
· For 1-symbol short-PUCCH for UCI more than 2 bits,
· The 4 DMRS REs per PRB are mapped to 2nd, 5th, 8th and 11th subcarriers of the PRB.

· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· The sequences used for DM-RS are PN sequences similarly to PUSCH.
· The sequence seed is UE specific and configured by higher layers.

· For 1-symbol short-PUCCH for UCI of more than 2 bits, the encoded UCI bits are scrambled.
· For 1-symbol short-PUCCH for UCI of more than 2 bits, the sequence seed for scrambling the encoded UCI bits, is UE specific and configured by higher layers.

· 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.
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