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1 Introduction
NR shall support transmission of uplink control information (UCI) in a PUCCH format of short duration. 
At the RAN1 #88bis meeting, the following agreements were reached on 2-symbol short duration PUCCH [1]:
Agreements:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)

· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.

· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

In this contribution, we discuss the detailed design of 2-symbol short duration PUCCH format.
2 Comparison of short duration PUCCH schemes
For Option 2, the main purpose is to support different UCI transmission on different symbols. For instance time sensitive UCI such as HARQ-ACK may be transmitted on the second symbol while less urgent UCI such as CSI is transmitted on the first symbol. In our view, the primary motivation for the 2-symbol short PUCCH is for some coverage enhancement compared to the 1-symbol case. This can be achieved using Option 1. The additional latency benefit of supporting different UCI types on each symbol seems marginal at best compared to the additional specification work to support it. Note that different bit processing steps may be required for each symbol including coding scheme. Finally, separate power control procedures may need to be considered for each symbol as the UCI types are different.
Proposal 1: Option 2 should be not supported for 2-symbol duration PUCCH.
For Option 1-1, it can achieve the same procedure as 1-symbol NR-PUCCH which can reduce both the specification and implementation complexity. For 1~2 bits UCI transmission, Option 1-1 can support multiple UEs multiplexed in the same RB. For Option 1-2, different procedures as 1-symbol NR-PUCCH is introduced which may increase specification effort. For 1~2 bits UCI transmission, Option 1-2 cannot support multiple UE multiplexing in the same RB, which increase NR-PUCCH overhead.
We evaluate the link-level performance of Option 1-1 and Option 1-2 in Figure 1. The performance metric is the SINR requirement to achieve a target BER = 10-3. Several bandwidth allocations are evaluated for EPA and ETU channels and different DMRS resource overheads (RO) are evaluated as shown in Figure 1. Other simulation assumptions are described in the Appendix. 

It can be seen from Figure 1 that Option 1-2 is better than Option 1-1 at least for the simulated case of 10 bits. However, considering the above analysis for Option 1-1 and Option 1-2, it is hard to say which one is better. It should be further evaluated more case such as other UCI bits to decide to support which options.

Proposal 2: More simulations should be evaluated for comparison Option 1-1 and Option 1-2. 
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Figure 1: BER results for different options for 2-symbol duration PUCCH
Whether frequency-diversity can be considered for short PUCCH format depends on the allowed number of symbols. Frequency-diversity can be configured by higher layer signaling with a predefined frequency hopping pattern when the short duration PUCCH format contains 2 symbols. If frequency hopping is supported, there will be a transient period between two symbols as required by RAN4. In addition, as analyzed in [2], a general ON/OFF time mask for 2-OS TTI is defined with ramp up/down regions outside the transmission duration, which means there may be transient period before the first symbol and after the second symbol of 2-symbol NR-PUCCH transmission from the consecutive transmissions. In such transient period, there are interferences for current transmission from other consecutive transmissions from the same UE. 
We evaluate the link-level performance of FDM of UCI and RS (Option 1 for 1-symbol NR-PUCCH) and sequence based method (Option 4 for 1-symbol NR-PUCCH) in this contribution. The performance metric is the SINR requirement to achieve a target BER = 10-3. Several bandwidth allocations are evaluated for EPA and ETU channels. Other simulation assumptions are described in the Appendix. Figure 2 shows the SINR requirement for these options.

It can be seen from Figure 2 that the performance differences are similar with/without TP for Option 1 and Option 4 which means the impact of transient period for Option 1 and Option 4 is similar. The key observation here is that transient power may have a significant impact on the performance of the short duration PUCCH structure.
Proposal 3: More evaluation should be done before deciding whether frequency hopping should be supported for 2-symbol duration PUCCH format considering transient power effect.
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Figure 2: SNR results for different options for 2-symbol duration PUCCH and with transient period model
3 Conclusions
Based on the simulation results and analysis we have the following proposals:
Proposal 1: Option 2 should be not supported for 2-symbol duration PUCCH.
Proposal 2: More simulations should be evaluated for comparison Option 1-1 and Option 1-2. 
Proposal 3: More evaluation should be done before deciding whether frequency hopping should be supported for 2-symbol duration PUCCH format considering transient power effect.
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5 Appendix

Table 1: Simulation assumptions
	Parameter 
	Value 

	Carrier freq (GHz) 
	4 

	Channel model 
	LTE-EPA /ETU

	Subcarrier spacing (KHz) 
	15 

	UE speed (km/h) 
	3

	Number of RBs
	2,4,8,16

	RS sequence 
	ZC or low PAPR computer generated sequence for small allocations 

	Spreading of UCI 
	For simulation in Figure 2:

For Option1: 1 modulation symbol carried on one ZC sequence for Option1;

· For single UE, with cyclic shift of 0

For multi-UE, with cyclic shift of 0 for target UE, cyclic shift of 3 for second UE and cyclic shift of 6 for third UE
For Option4:

· For single UE, with cyclic shift of 0/3/6/9

· For multi-UE, with cyclic shift of 0/3/6/9 for target UE, cyclic shift of 1/4/7/10 for second UE and cyclic shift of 2/5/8/11 for third UE



	Multiplexing
	1 or 3 UEs

For 3 UEs, first is target UE and the others are allocated 0 or 3 dB power boosting with respect to the target UE

	Modulation 
	QPSK

	Target BER 
	0.1% 

	Antenna port
	1Tx, 2Rx

	UCI payload size
	2 bit for small payload size;

10 bits for large payload size;

	Coding for large payload size
	RM(32,O) for 10 bits
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