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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 meeting #96bis[1], the following agreements on UL channels and signals were achieved:
[bookmark: OLE_LINK25]For a 20 MHz carrier bandwidth, if enhancements to PF0 and PF1 are supported, a mapping to physical resources of at least one full interlace is supported
· FFS: Whether or not to support enhancements to PF0/1.
· Companies are encouraged to provide user multiplexing capacity and UCI payload analysis for enabling the decision for relevant use cases
Decisions on which additional PUCCH formats (enhanced or combination of legacy and enhanced) are supported should be at least based on the following.
· Which PUCCH format(s) are to be used at least for the following use cases:
· HARQ ACK prior to dedicated PUCCH resource configuration
· HARQ ACK, SR, CSI and combinations thereof after dedicated PUCCH resource configuration
· Specification impact, e.g., UE procedures in 38.213 and 38.212, for all proposed PUCCH formats to be supported
· User multiplexing capacity and UCI payload analysis for all proposed PUCCH formats to be supported
· In-band and out-of-band emissions
Support RRC configuration of an SRS resource to start at any OFDM symbol within a slot by extending the RRC parameter startPosition of resourceMapping of SRS-Config for Rel-16 to have a value range 0..13.
In this contribution, link level simulation is applied to evaluate the performance of PUCCH formats supporting interlace transmission on unlicensed band and some observations are provided in the end
[bookmark: _Ref129681832]NR-U PUCCH Design for small payload size
[bookmark: OLE_LINK1]In our companion contribution [2], the enhancements of NR-U PUCCH formats are introduced. For the small payload size scenarios, i.e. carrying 1~2 bits UCI, either enhanced PF 0/1 or enhanced PF 2/3 could be considered as a starting point for NR-U operation. If enhanced PF0/1 is used, one-PRB length sequence in frequency domain is repeated at each comb of an interlace and possible mechanism can be considered to increase UE multiplexing capacity. The advantages to enhance PF0/1 are less impacts on the current specification and more friendly with UE implementation. On the other hand, if enhanced PF 2/3 is selected, all the PRBs of an interlace can be used to map coded bits and the code rate could be extremely low, but the prerequisite is no needs to calculate the minimum PRB UE transmitted. However, legacy PF 2/3 is not capable to carry the payload size of 1 or 2bits, additional enhancements, for example, zero padding, coding scheme extension etc., should be applied as well.
In Section 3, the performance of enhanced PF0 and enhanced PF2 are evaluated and corresponding simulation results schemes are provided in appendix. Comparing with enhanced long duration formats, 2 symbols short duration formats might provide a good balance of resource utilization efficiency and coverage to convey one UE’s small payload UCI. On unlicensed band, intra-slot frequency hopping seems not as attractive as on licensed band. That because the PRBs of an interlace transmission will span the whole subband, comparable frequency diversity gain can be achieved as frequency hopping applied. However, intra-slot frequency hopping is still beneficial to the NR-U, half number of the PRBs are occupied when FH is enabled, which is more easily to meet OCB requirements. Similar effects with intra-slot frequency hopping, larger SCS could have similar effect that use less resource to satisfy the requirements of transmission on unlicensed band, therefore, 30kHz and 60kHz SCS are selected in the simulation.
Performance of enhanced PUCCH formats
Enhanced PF0 performance
Link level simulation results of enhanced PF0 is summarized in Table 1. When delay spread is larger, i.e. 100ns, the operation point is lower and more than 3dB gain is achieved. The reason can be attributed to the larger delay spread has a better diversity gain resulting from frequency selective. When 60kHz is adopted, the operation points has a slightly increment. However, it does not mean larger SCS has a shortage on unlicensed band, on the contrary, larger SCS uses less number of PRBs to meet the OCB requirements and the accumulated energy is less. Shown in Table 1, for a 20MHz subband, 3 interlaces (M=3) are allocated in total and each interlace has 8 PRBs (N=8) which is 2 less PRBs comparing with 30kHz SCS.
[bookmark: _Ref7650919]Table 1. Summary of operation points for ePF0
	Format
	Payload Size
	Duration
	Number of PRB
	SCS/Hz
	FH
	Number of UE
	Delay spread/ns
	Operation point/dB

	ePF0
	1
	2
	10
	30k
	N
	1
	10
	-4.8

	ePF0
	1
	2
	10
	30k
	N
	1
	100
	-8.4

	ePF0
	1
	2
	8
	60k
	N
	1
	10
	-3.9

	ePF0
	1
	2
	8
	60k
	N
	1
	100
	-8


Enhanced PF2 performance
[bookmark: _GoBack]Link level simulation results of PF2 are summarized in Table 2. When the minimum PRB is not a restriction for PUCCH transmission on unlicensed band, whole PRBs of an interlace can be used. If the payload size is only 1bit, two zeroes are padded to satisfy the ePF2 transmission requirement and the actual code rate is 3/(10*12*2/3*2) ≈0.01875. For the cases of 100ns, ePF2 is slightly (around 0.2dB) worse than ePF0, but for cases of 10ns, ePF0 has more severely performance degradation.
[bookmark: _Ref7652554]Table 2. Summary of operation points for ePF2
	Format
	Payload Size
	Duration
	Number of PRB
	SCS/Hz
	Number of UE
	Delay spread
	Operation point

	ePF2
	1 (zero padding)
	2
	10
	30k
	1
	10ns
	-7.3dB

	ePF2
	1 (zero padding)
	2
	10
	30k
	1
	100ns
	-8.2dB

	ePF2
	1 (zero padding)
	2
	8
	60k
	1
	10ns
	-6.9dB

	ePF2
	1 (zero padding)
	2
	8
	60k
	1
	100ns
	-7.8dB



Observation: For PUCCH design on unlicensed band, ePF0 and ePF2 have comparable performance with large delay spread value.
Conclusions
As the analysis above, the following observations were made:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation: For PUCCH design on unlicensed band, ePF0 and ePF2 have comparable performance with large delay spread value.
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Appendix
Evaluation assumptions
	Property
	Value

	Carrier frequency
	5 GHz

	Channel bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	10ns, 100ns 

	Antenna configuration at BS*
	(M,N,P) = (1,1,2) with omni-directional antenna element 

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection 

	Frequency offset
	0 ppm

	UE speed
	3 km/h

	Subcarrier spacing
	30/60kHz

	Number of code-division multiplexed users if applicable
	1 user

	Interference assumption
	No inter-cell interference

	* See Table 7-1 of R1-1704144



Reporting metrics
	Parameter
	Value
	Notes

	Enhanced PUCCH Format
	E-PF0, E-PF2,
	e.g., E-PF0, E-PF1, E-PF2, E-PF3

	Number of OFDM symbols used for PUCCH resource
	2
	e.g., 1, 2, 4, 14

	Number of RBs used for PUCCH resource (N_RB)
	10, 8
	At least 1 full interlace assumed
(Assume interlace design for 20 MHz carrier bandwidth as agreed in RAN1AH#1901 for 15kH and 30 kHz is used)


	Frequency domain OCC configuration details (if applicable)
	N.A.
	Include length and type of OCC, mapping of OCCs to control symbols and reference (DMRS) symbols, OCC cycling (if applicable)

	Time domain OCC configuration details (if applicable)
	N.A.
	Include length and type of OCC, mapping of OCCs to control symbols and reference (DMRS) symbols

	Number of multiplexed users, e.g., by code division if applicable
	1
	1 user is assumed as baseline
Companies are to report other cases if evaluated

	Waveform
	CP-OPDM
	e.g., CP-OFDM or DFT-s-OFDM

	PUCCH encoder type
	RM
	e.g., Reed Muller or Polar

	SCS
	30kHz, 60kHz
	15KHz, 30KHz

	PUCCH payload size(s) (bits)
	1bit
	If multiple payload sizes evaluated, then MCL to be plotted vs. PUCCH payload size



Simulation Results
[image: ][image: ]
(a). 10ns delay spread    							(b). 100ns delay spread
Figure 1. Enhanced PF0 of 30kHz SCS
[image: ][image: ]
(a). 10ns delay spread    							(b). 100ns delay spread
Figure 2.  Enhanced PF0 of 60kHz SCS
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(a). 10ns delay spread    							(b). 100ns delay spread
Figure 3. Enhanced PF2 of 30kHz SCS
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(a). 10ns delay spread    							(b). 100ns delay spread
Figure 4. Enhanced PF2 of 60kHz SCS
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