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1. Introduction
At the RAN1 #96bis meeting, UL signals and channels for NR-U were discussed and following agreement were made [1].
	Agreement:
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

Agreement:
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.

Agreement:
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

Agreement:
[bookmark: _Hlk5850751]The following common set of evaluation assumptions and reporting metrics are used for enhanced PUCCH design
Evaluation assumptions
	Property
	Value

	Carrier frequency
	5 GHz

	Channel bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	At least 10ns, 100ns with 300 ns optional

	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
	15/30 kHz (with other SCS optional)

	Number of code-division multiplexed users if applicable
	1 user, with other cases optional

	Interference assumption
	No inter-cell interference

	* See Table 7-1 of R1-1704144



Reporting metrics
	Parameter
	Value
	Notes

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

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

	Number of RBs used for PUCCH resource (N_RB)
	
	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)
	
	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)
	
	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 user is assumed as baseline
Companies are to report other cases if evaluated

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

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

	SCS
	
	15KHz, 30KHz

	Noise level, Np (dBm)
	
	Np = -174 + 10*log10(SCS*12*N_RB) + NF
NF = 5dB

	[bookmark: _Hlk5184969]Required SNR (dB)
	
	Required SNR needed to fulfil detection criterion(1)(2), read from simulation curve

	Cubic Metric
	
	Note: Single value reported in dB

	P_max (dBm)
	
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used for the PUCCH resource

	Backoff (dB)
	
	Backoff is computed as the cubic metric.
Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	
	P_TX = min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	
	MCL = P_TX – SNR – Np

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

	PUCCH encoding rate(s)
	
	If multiple payload sizes evaluated, then multiple encoding rates to be reported (if applicable)

	(1) [bookmark: _Hlk5184979][bookmark: _Hlk5108029]For PUCCH payloads of 1 or 2 bits, detection criterion assumes that the PUCCH payload consists of randomly drawn HARQ ACK/NACK bits and is defined as P(ACK to Error) ≤ 1% and P(NACK to ACK) ≤ 0.1%. Error is defined as NACK or DTX where the decision region for DTX is determined to ensure that the maximum P(DTX to ACK) ≤ 1% for the case when the input to the receiver is noise only.
(2) For PUCCH payloads greater than 2 bits follow the requirements in TS38.104 Section 8.3

Note:
· Companies should provide details of RE mapping in frequency and time of enhanced PUCCH formats that are evaluated
· Companies should provide details about channel estimation assumptions, e.g. practical, ideal
· Definition of SNR to be reported with evaluation metrics






In this contribution, we discuss on the UL signals and channels for NR-U, including PUCCH formats, UL resource allocation and PUSCH starting position. 
2. PUCCH design enhancement for NR-U
At the last RAN1 meeting, it was agreed to support at least full interlace mapping if enhancements to PF0/1 are supported. In order to map PF0/1 into full interlace resources, an enhancement with frequency domain repetition may be necessary. Then, if enhanced PF0/1 is supported, small payloads (1 or 2 bits) are carried on full interlace resources with low effective code rate. 
On the other hand, it is also possible that small payloads are carried by enhanced PF2/3 with zero padding to information bits. Compared with this approach, enhancing PF0/1 would require larger effort for specification although it is slightly more optimal for small payloads. Considering limited time for NR-U WI in Rel-16 with its large scope, we prefer to deprioritize enhancing PF0/1.
Additionally, user multiplexing may be required in order to mitigate a loss in PUCCH capacity due to interlaced resource mapping for PF2 and PF3. As some companies pointed out, OCC in time domain and/or frequency domain is one of solutions to expand the capacity [2].

Proposal 1: Small payloads (1 and 2 bits) are carried on enhanced PF2 and/or enhanced PF3.
· Enhancements to PF 0/1 are deprioritized.

3. Frequency domain resource allocation signaling for interlaced PUSCH
[bookmark: _Hlk4655110]As we mentioned in [3], a partial resource allocation in frequency domain in case of wideband operation is beneficial to use radio resource efficiently. To achieve this mechanism, a signalling mechanism considering interlaced PUSCH is necessary. One of the signalling methods is that gNB informs only ‘selected LBT sub-band(s)’ and ‘selected interlace(s)’ as a new type of UL resource allocation assuming LBT sub-band level granularity for resource allocation. Considering OCB requirement, such assumption on LBT sub-band level granularity seems reasonable. Detailed frequency resource allocation mechanism for the new UL resource allocation type should be further discussed.

Proposal 2: NR-U supports UL frequency resource allocation with informing only ‘selected LBT sub-band(s)’ and ‘selected interlace(s)’ as a new UL resource allocation type for NR-U.

4. PUSCH starting position
During the NR-U SI, the PUSCH transmission at the beginning of COT had been discussed and following is captured in the TR38.889 [4].
	It has been identified to be beneficial for the NR-U design to not require the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome.
The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.
-	Option 1: PUSCH(s) as in Rel-15 NR
-	Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 
It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.
It is noted that above options are not mutually exclusive.



At the previous RAN1 meeting, multi-TTI scheduling for PUSCH was agreed to be supported to facilitate efficient scheduling of PUSCH in UE-initiated COT. The multi-TTI scheduling grant can provide multiple candidate PUSCH starting positions such as first symbols in multiple slots or potentially first symbols in multiple mini-slots. Then, the necessity of finer candidate starting position granularity, i.e., symbol/sub-symbol level multiple candidate starting positions within a slot or mini-slot should be discussed. We think such symbol/sub-symbol level granularity for multiple candidate PUSCH starting positions isn’t necessary at least for Rel-16 NR-U, because it needs large specification effort while it has only limited improvement to the performance on top of slot/mini-slot level granularity for multiple candidate PUSCH starting positions supported by multi-TTI scheduling. 
Proposal 3: Symbol/sub-symbol level multiple candidate PUSCH starting positions within a slot or mini-slot is not necessary for Rel-16 NR-U.

5. Conclusion
In this contribution, we discussed on the UL signals and channels for NR-U, including PUCCH formats, UL resource allocation and PUSCH starting position. Based on the discussion, we made following proposals.
Proposal 1: Small payloads (1 and 2 bits) are carried on enhanced PF2 and/or enhanced PF3.
· Enhancements to PF 0/1 are deprioritized.

Proposal 2: NR-U supports UL frequency resource allocation with informing only ‘selected LBT sub-band(s)’ and ‘selected interlace(s)’ as a new UL resource allocation type for NR-U.

Proposal 3: Symbol/sub-symbol level multiple candidate PUSCH starting positions within a slot or mini-slot is not necessary for Rel-16 NR-U.
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