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1 Introduction

In RAN1#88bis, the structure of 1-symbol NR-PUCCH was discussed and the following were agreed [1]: 
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.
In RAN1#89, DMRS structure for 1-symbol PUCCH was discussed and the following were agreed [2]:

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

In RAN1 NR Ad-hoc#2, the following were agreed [3]:

Agreements:
· Working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.

· No more short-PUCCH format is supported for short-PUCCH in the WID scope.
This contribution first discusses remaining design aspects on 1-symbol PUCCH for UCI of more than 2 bits and provides BLERs for various DMRS ratios. The PUCCH format is referred to as PUCCH format 1 while the 1-symbol PUCCH format for up to 2 bits is referred to as PUCCH format 0.
2 Remaining Design Aspects
PRB size
Different from 1-symbol PUCCH format 0, multiplexing of different UEs on the same PRBs may be not desirable or feasible for 1-symbol PUCCH format 1 because it may impose additional coverage limitation. So, the number of PRBs supported for 1-symbol PUCCH format 1 can be decided considering the total number of PUCCH resources as well as a link budget. For example, if larger PRB size is used (e.g., 10 PRBs), a fewer number of UEs can be supported in a given bandwidth but coverage is improved. In general, the PRB size can be configurable up to a maximum that can correspond to the maximum supportable UCI payload under a reference Tx-Rx antenna configuration
DMRS ratio

It was agreed in [1] that for 1-symbol NR-PUCCH with more than 2 bits, DMRS overhead of 1/3 is supported and FFS on other values if necessary. In general, BLER can improve by increasing DMRS overhead to benefit from better channel estimation. However, larger DMRS overhead also increases the coding rate. So, it is necessary to find the best tradeoff between channel estimation performance and coding rate for various SINRs. Evaluation results in Section 3 show that the agreed DMRS overhead of 1/3 is sufficient and introduction of other values is not necessary.
Proposal 1: DMRS overhead of 1-symbol PUCCH format 1 is fixed to a single value of 1/3.

DMRS pattern

DMRS pattern design will be affected by several aspects such as the number of antenna ports, whether or not to support UE multiplexing on the same PRBs, and so on. 
Transmit antenna diversity (TxD) can be taken into account for short PUCCH to improve the robustness of the short PUCCH transmission against multipath fading. It is shown in [4] that precoder cycling (PC) with single antenna port can achieve a spatial diversity sufficiently and it can be a good candidate as TxD for short PUCCH. So, supporting multiple antenna ports is not necessary for short PUCCH. On the other hand, UE multiplexing on same PRBs will be limited or be infeasible in practice for short PUCCH with more than 2 bits. So, it would be desirable to not support UE multiplexing on the same PRBs for short PUCCH format 1. This implies that a frequency domain OCC is not needed. In this regard, it is optimal that DMRS subcarriers are equally distributed within the PRBs allocated for the short PUCCH.
Proposal 2: For 1-symbol PUCCH format 1, DMRS subcarriers are equally distributed within the allocated PRBs.
SR transmission on short PUCCH of UCI with more than 2 bits

It was agreed that 1-symbol PUCCH format 0 can transmit SR only, HARQ-ACK only or both HARQ-ACK and SR. Similar to LTE, 1-bit explicit SR can be multiplexed with other types of UCIs, e.g., ‘1’ is a positive SR and ‘0’ is a negative SR, for 1-symbol PUCCH format 1.

Proposal 3: For 1-symbol PUCCH format 1, 1-bit explicit SR is multiplexed with other UCIs.
3 BLER Performance
This section provides the BLER of 1-symbol NR-PUCCH for UCI of more than 2 bits, using TDL-C channel model with different RMS delay spread, e.g., 30ns, 300ns and 1000ns.

Evaluation assumptions

6 RBs and 20 bits of UCI payload size are assumed. Various DMRS ratios are evaluated, e.g., 1/2, 1/3, 1/4, and 1/6. It is assumed that DMRS tones are equally distributed in the frequency domain and the distance between two DMRS subcarriers is same. Other evaluation parameters are shown in Appendix A.
Evaluation results

Figure 1 compares the BLER of Option 1 for various DMRS ratios, e.g., 1/2, 1/3, 1/4, and 1/6, using TDL-C channel model with different RMS delay spread, e.g., 30ns, 300ns, and 1000ns. It is found from Figure 1 that no material performance gap is identified except for DMRS ratio of 1/2. 
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Figure 1: BLER performance for TDL-C
Observation 1: No material benefit is identified for other DMRS ratios (e.g., 1/2, 1/4 and 1/6) over DMRS ratio of 1/3.
4 Conclusion
This contribution has discussed remaining design aspects on 1-symbol PUCCH for UCI of more than 2 bits and we have proposed the following:
Proposal 1: DMRS overhead of 1-symbol PUCCH format 1 is fixed to a single value of 1/3.
Proposal 2: For 1-symbol PUCCH format 1, DMRS subcarriers are equally distributed within the allocated PRBs.

Proposal 3: For 1-symbol PUCCH format 1, 1-bit explicit SR is multiplexed with other UCIs.

Also, we have discussed the BLERs of 1-symbol NR-PUCCH for UCI of more than 2 bits and we have observed the following:
Observation 1: No material benefit is identified for other DMRS ratios (e.g., 1/2, 1/4 and 1/6) over DMRS ratio of 1/3. 
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Appendix A: Evaluation Parameters
	Parameters
	Values

	PUCCH resources
	6 RBs (72 REs) within one symbol

	UCI payload size
	20 bits

	Modulation
	QPSK

	Channel coding
	TBCC, rate = 1/3

	DMRS ratio
	1/2, 1/3, 1/4, and 1/6

	Channel estimation
	MMSE

	Subcarrier spacing
	15 kHz

	FFT size
	2048

	CP length
	144∙TS 

	Antenna Configuration
	1 Tx – 2 Rx (MRC)
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