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Introduction
In the RAN1#88bis meeting, the following was agreed regarding short PUCCH with more than 2 UCI bits in NR [1].
	Agreements: 1 symbol PUCCH
· 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
· 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.



And more agreements were reached in the last RAN1#89 meeting as following [2].
	Agreements: 1-symbol NR-PUCCH
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1 (FDM),
· DM-RS overhead of 1/3 is supported
· FFS on other values for DM-RS overhead, if necessary
· FFS on detailed DM-RS pattern



In this contribution, we mainly present some design principles for DMRS patterns on 1-symbol PUCCH with large UCI payload size and provide some evaluation results about PAPR.
 1-symbol NR-PUCCH with more than 2 bits
For more than 2 bits UCI payload, DMRS and UCI can be multiplexed in a FDM manner in one OFDM symbol. It is a tradeoff between DMRS overhead and transmitted UCI payload sizes for given PRBs, and when using larger DMRS overhead it will provide a better channel estimation performance. In this regard, the overhead of DMRS should be configurable according to different UCI payload sizes and channel condition. In UL, the coverage for some scenarios should be considered with a low PAPR design, in which the PA of hardware can work in the linear region efficiently. The sequence used for DMRS can be Zadoff-Chu, which is a constant amplitude zero autocorrelation (CAZAC) sequence to with a better PAPR performance.
0. 1/2 DMRS overhead
Figure 1 illustrates the multiplexing manner between DMRS and UCI over 1 OFDM symbol, in which the DMRS overhead is 1/2 and encoded UCI is 96 bits. The QPSK modulated UCI symbols with the length =48 are precoded by a  size DFT, and then mapped on every other active subcarrier in 8 contiguous PRBs (48 REs), as shown in Figure 2. The symbols are mapped to resource elements using a comb structure (IFDMA) with DMRS, which is generated by the -th () root Zadoff-Chu sequence with length  and no precoding operation.

 
[bookmark: f1]Figure 1 Structure of UCI and DMRS (1/2 overhead) multiplexed on 1-symbol PUCCH


 
[bookmark: f2]Figure 2 RBs allocation on 1-symbol PUCCH
0. 1/3 DMRS overhead
Figure 3 illustrates the multiplexing manner with 1/3 DMRS overhead and encoded UCI is 128 bits. Modulated UCI symbols with the length  are precoded by a  size DFT, and then mapped to two active subcarriers in every 3-subcarrier group in 8 contiguous PRBs (64 REs). DMRS and UCI symbols are interleaved in FDM manner over 1 OFDM symbol, and DMRS are generated by the -th () root Zadoff-Chu sequence with length .


[bookmark: f3]Figure 3 Structure of UCI and DMRS (1/3 overhead) multiplexed on 1-symbol PUCCH

0. Block-IFDMA for 1-symbol PUCCH
To get larger frequency diversity gain, non-contiguous PRB allocation structure is given in Figure 4. The PRBs are equally spaced over the allocated PUCCH bandwidth in B-IFDMA (Block-IFDMA) manner, and the PUCCH bandwidth is 20 MHz for the following simulations. There are 8 PRBs including DMRS in the simulation. The 0 DMRS overhead, which corresponds to a SC-FDMA waveform, is designed just for performance comparison of PAPR.

 
[bookmark: f4]Figure 4 PRB allocation based on B-IFDMA

Simulation results
In this section, we simulate and compare the link performances of PAPR for different IFDMA/B-IFDMA schemes with OFDMA based manner, respectively. In order to evaluate the envelope variations of different transmission signals, the PAPR performance can be represented as the CCDF (Complementary Cumulative Distribution Function) of the instantaneous normalized power when exceeding certain threshold.
Figure 5 presents the CCDF for the ZC sequence (root sequence index 1), SC-FDMA, OFDMA (1/2 DMRS, 1/3 DMRS and without DMRS) and DFT-S-OFMDA (1/2 DMRS and 1/3 DMRS as discussed in subsection 2.1 and 2.2) with contiguous structures. Simulation results show that the proposed 1-symbol PUCCH structure has a better PAPR performance than OFDMA schemes in the cases of 1/2 and 1/3 DMRS overhead. The 1/2 DMRS pattern can get almost the same PAPR performance as SC-FDMA, and a better performance than 1/3 DMRS pattern. 
Observation 1: 1/2 DMRS overhead can get almost the same PAPR performance with SC-FDMA for FDMed UCI and DMRS on 1-symbol PUCCH if DFT precoding is used for modulated UCI symbols.
Observation 2: The PAPR performance of 1/3 DMRS design is worse than 1/2 DMRS design for both DFT-S-OFDMA and OFDMA schemes.
Proposal 1: The overhead of DMRS should be configurable according to various UCI payload sizes and channel condition.
[image: ]
[bookmark: f5]Figure 5 CCDF of the instantaneous normalized power for contiguous PRB allocation

Figure 6 shows the PAPR performance of block-based PRB allocation manner for OFDMA and DFT-S-OFDMA (B-IFMDA) schemes with non-contiguous structures. The non-contiguous PRB allocation allows for larger frequency diversity gain through distributed mapping of block-based PRB with a little of penalty in the PAPR performance.
Observation 3: B-IFDMA mapping pattern can be used for getting larger frequency diversity gain for non-contiguous PRBs allocation if PAPR is not a determinant for UE equipment.
[image: ]
[bookmark: f6]Figure 6 CCDF of the instantaneous normalized power for non-contiguous PRB allocation

Conclusion
In this contribution, 1-symbol PUCCH design with more than 2 bits UCI is presented, with the following observations and proposal:
Observation 1: 1/2 DMRS overhead can get almost the same PAPR performance with SC-FDMA for FDMed UCI and DMRS on 1-symbol PUCCH if DFT precoding is used for modulated UCI symbols.
Observation 2: The PAPR performance of 1/3 DMRS design is worse than 1/2 DMRS design for both DFT-S-OFDMA and OFDMA schemes.
Observation 3: B-IFDMA mapping pattern can be used for getting larger frequency diversity gain for non-contiguous PRBs allocation if PAPR is not a determinant for UE equipment.
Proposal 1: The overhead of DMRS should be configurable according to different UCI payload sizes and channel condition.
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