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1 Introduction

The following agreements on PUCCH in short-duration for UCI with more than 2 bits were achieved in the RAN1#89 meeting [1]. 
	· 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 this contribution, we mainly present our considerations on the UL control structure in short duration. Different PUCCH formats are discussed for more than 2-bits payload. Comparisons among different options are also given based on link-level simulation. Other design aspects about short-PUCCH can be found in our accompany contributions [2] [3].
2 1-symbol PUCCH design 

For more than 2-bit UCI transmission, UCI and DMRS multiplexed in the frequency domain with DMRS overhead of 1/3 is supported. But the details on DMRS design, including DMRS pattern and sequence design, are still open. And other values for DMRS overhead are FFS if necessary. In this section, we give our considerations on these issues.

For the DMRS pattern, we think a uniform distribution of the DMRS RE within a RB is the most straightforward design and can achieve the best performance for channel estimation. Figure-1 gives an example of the DMRS pattern with 1/3 overhead.
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Figure-1: DMRS pattern for more than 2 bits

Proposal 1: The DMRS of 1-symbol PUCCH is uniformly distributed within a PRB, i.e., REs with index of {1, 4, 7 and 10} within a PRB are used for DMRS.
Other values for DMRS overhead are mainly for overhead reduction. Although lower DMRS overhead will result in higher gain of channel coding, it will also degrade the performance of channel estimation. There should be a good balance between these two factors. We evaluate two DMRS overheads of 1/3 and 1/6, which are shown Figure-2, and taking both localized and distributed allocation into account. 

· Alt 1-1: DMRS overhead of 1/3 and localized allocation

· Alt 1-2: DMRS overhead of 1/3 and distributed allocation

· Alt 2-1:DMRS overhead of 1/6 and localized allocation

· Alt 2-2: DMRS overhead of 1/6 and distributed allocation
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Figure-2: DMRS pattern with 1/3 and 1/6 overhead.
The simulation assumptions and results are presented in Appendix. According to the simulation results, we can find that the performance with DMRS overhead of 1/3 is always better than of 1/6. The performance gap between Alt 1 and Alt 2 shrink as the payload of UCI increases. This is mainly because in low code rate region, the performance of channel estimation plays a key role for the UCI performance. But as the payload of UCI increases, the benefits of channel coding with lower DMRS overhead will offset the performance loss due to worse channel estimation. Since no performance gain of lower DMRS overhead is observed in the simulations, we think it is unnecessary to consider other values of DMRS overhead. 

Proposal 2: DMRS overhead values other than 1/3 are not supported.

On the other hand, as comparing distributed allocation and localized allocation, more than 2dB performance gain can always be achieved for distributed allocation. Therefore, for 1-symbol PUCCH, distributed allocation is more preferred.

Proposal 3: Distributed allocation is more preferred to 1-symbol PUCCH for UCI of more than 2bits.
And for the DMRS sequence design, since FDM of UCI and RS is applied, which results in an OFDM-based waveform, the DMRS sequence for short PUCCH with more than 2 bits can be a PN sequence as used in LTE DL. The DL RS sequence defined in LTE can be reused.

Proposal 4: PN sequences can be used for DMRS sequence in short-PUCCH for UCI of more than 2bits.

3 Conclusion

In summary, this contribution provides the following proposals on Short-PUCCH for more than 2bits:
Proposal 1: The DMRS of 1-symbol PUCCH is uniformly distributed within a PRB, i.e., REs with index of {1, 4, 7 and 10} within a PRB are used for DMRS.
 Proposal 2: DMRS overhead values other than 1/3 are not supported.

Proposal 3: Distributed allocation is more preferred to 1-symbol PUCCH for UCI of more than 2bits.
Proposal 4: PN sequences can be used for DMRS sequence in short-PUCCH for UCI with more than 2bits.

4 Reference

[1] 3GPP TSG RAN WG1 Meeting RAN1#89, Chairman’s Note. 

[2] R1-1712448, RAN WG1 Meeting RAN1 #90, NR short PUCCH for up to 2 bits, ZTE.

[3] R1-1712450, RAN WG1 Meeting RAN1 #90, Support on short-PUCCH over 2 OFDM symbols, ZTE.

Appendix 

Table-A1: Simulation Assumptions

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Number of PRB
	2 PRBs 

	TTI length
	1 symbols

	Channel model
	TDL-C, DS=300ns.

	UE speed
	3km/h

	Antenna configuration
	1Tx(UE), 2 Rx(gNB)

	CP length
	Normal

	Modulation mode
	QPSK

	Channel estimation
	Practical channel estimation

	Number of HARQ-ACK
	4/6/8/10

	Channel coding 
	RM
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Figure A1: simulation results for different DMRS overhead and different resource allocation.
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