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1. Introduction
In this contribution, we discuss UL signals and channels for NR-U. 
2. [bookmark: OLE_LINK1]Discussion on PRB-based interlace design
2.1. Sub-PRB interlacing for 60kHz
In TR 38.889 [2], the technical view point of sub-PRB interlacing is written by following:
	For sub-PRB block interlace designs, in some scenarios, sub-PRB block interlacing can be beneficial in terms of power boosting. However, the sub-PRB block interlace design has at least the following specification impacts: Reference signal design (e.g., DMRS); Channel estimation aspects; Resource allocation.


The sub-PRB based interlace design is known as beneficial to improve power boosting gain and larger number of UE multiplexing capacity than that of PRB-based. By the PSD constraint in ETSI regulation, the wider bandwidth gets the higher transmission power, that is, 10dBm/MHz. At this point, we may have a question how much TX power gain a UE gets when sub-PRB based interlace is adopted. Figure 1 shows that the UE transmits PUSCH (or PUCCH) through a single interlace with PRB and sub-PRB based interlace in 20MHz bandwidth.


Fig.1. Occupied channel bandwidth for PRB and sub-PRB-based interlace
We can see that the sub-PRB based interlace transmission with single interlace gets narrower occupied channel bandwidth (OCB), especially for smaller cluster size. It may achieve fully occupied bandwidth if a UE is allocated with more than one interlace. Assuming the sub-PRB based interlace occupies full bandwidth by using multiple interlace. In TS 38.101 [3], maximum number of PRBs is defined as 24 which is equal to 17.28 MHz. Then, the maximum TX power can be easily calculated by 10(dBm/MHz) +  that results in 22.38 dBm for fully occupied bandwidth while the maximum TX power for PRB-based interlace as shown in Fig.1 (a) is 22.19 dBm, respectively. By using sub-PRB based interlace, we can get power boosting gain as approximately 0.19 dB. On the other hand, sub-PRB-based interlace requires significant standardization efforts such as DMRS design method, sub-PRB-based scheduling and so on. For the consideration of these tradeoff relationship, we propose that NR-U should NOT support sub-PRB-based interlace for PUSCH and PUCCH.
Proposal 1: NR-U should not support sub-PRB-based interlace for PUSCH and PUCCH.
2.2. DFT-s-OFDM for interlaced transmission
In feature lead summary [1] at RAN1#AH1901 meeting, there are two options related with DFT-s-OFDM support as follow:
	· Alt-1: Only CP-OFDM waveform is supported for interlaced PUSCH and PUCCH transmission
· Alt-2: Both CP-OFDM and DFT-s-OFDM supported for interlaced PUSCH and PUCCH transmission


For NR (and, of course, NR-U), the flexibility is significantly increased compared to LTE. The cost of the flexibility, however, requires higher processing capability to UE. It is straightforward that the higher processing capability is the more power consumption as well-known tradeoff relationship. In addition, the peak-to-average power property is also one of the main factors to inefficiently consume power of mobile devices. Also, higher peak-to-average power ratio occurs nonlinear distortion at power amplifier that it affects negatively to both inband and out-of-band. From the perspective of these drawbacks, the DFT-s-OFDM is an attractive technique due to its lower peak-to-average power property. On the other hand, the lower peak-to-average power property of DFT-s-OFDM gets slightly increased by interlace transmission since single carrier property is lost. Figure 2 shows the comparison results of peak power for DFT-s-OFDM and OFDM with/without interlace design. It is noted that QPSK modulation symbols are mapped onto 10 PRBs with localized and interlace manner in the simulation, respectively. It is also noteworthy that we can get more accurate expectation for nonlinear distortion effect at power amplifier by measuring the instantaneous power-to-average power ratio (say, the normalized instantaneous power given by ) rather than peak-to-average power ratio (PAPR: ). We refer to the normalized instantaneous power as ‘peak power’ in this contribution. 
[image: ]
Fig.2. Comparison of peak power for interlaced OFDM and DFT-s-OFDM.
[bookmark: _GoBack]As we can see in the Fig.2, the peak power of DFT-s-OFDM with interlace mapping is increased approximately 1dB compared to that of localized mapping at the probability of . This is caused by losing single carrier property of DFT-s-OFDM. However, DFT-s-OFDM with interlace transmission is still beneficial as the peak power is much lower than that of OFDM about 2dB. Based on this fact, we propose that the DFT-s-OFDM should be supported for interlaced PUSCH and PUCCH transmission.
Proposal 2: The DFT-s-OFDM should be supported for interlaced PUSCH and PUCCH transmission.
3. Discussion on NR-U PUCCH
In TR38.889[2], following consensus about PUCCH format for NR-U is reached:
	[bookmark: _Toc531343011]7.2.1.2	Physical layer channel designs
[…]
Support for Rel-15 NR PUCCH formats can be considered, however, not necessarily all Release 15 NR PUCCH formats are applicable to NR-U. It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS). It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.
[…]
-	Flexible number of OFDM symbols
-	Short duration, e.g., 1 or 2 OFDM symbols
-	Long duration, e.g., 4 – 14 OFDM symbols
-	Flexible UCI payload
-	Small payload, e.g., 1 or 2 bit
-	Larger payloads, e.g., > 2 bits
-	Coding of UCI payload, e.g.,
-	Extend legacy (NR Rel-15) PUCCH encoder to handle small payloads
-	Repetition of coded UCI bits across PRBs of an interlace
-	UCI Codebits over all PRBs, i.e. no repetition coding.
-	Number of supported PUCCH formats
-	Support for user multiplexing of both UCI payload and DMRS on an interlace, e.g.,
-	OCCs
-	Cyclic shifts
-	FDM within an interlace
-	Multiplexing method of UCI payload and DMRS, e.g,
-	TDM 
-	FDM
-	Mechanism to control PAPR, e.g.,
-	OCC cycling
-	Bit level processing
-	PRB level processing
-	Sequence hopping
-	PUCCH waveform, e.g.,
-	CP-OFDM
-	DFT-s-OFDM
-	Performance, e.g.,
-	Required SNR to achieve a target BLER
-	Required SNR to achieve target ACK to NACK rate, NACK to ACK rate and DTX to ACK rate
-	Coverage considering CM/PAPR
[…]
It may be beneficial to apply restrictions on the use of DFT-s-OFDM in NR-U to avoid significant design efforts specific to operation in unlicensed spectrum.




As shown in above in TR38.889 [2], it is reported that legacy PUCCH format 2/3 are beneficial for NR-U while PUCCH format 0/1/4 are not well-suited for NR-U due to insufficiency to meet temporary minimum OCB requirement in a COT (i.e., 2MHz). Also, the enhanced PUCCH format is essentially required as legacy PUCCH formats are not optimized in NR-U such as PRB-based interlace operation. It may be sufficient to design one enhanced short PUCCH format and one enhanced long PUCCH format. A good starting point is to consider enhancement on Rel-15 PUCCH format 2 and 3 for NR-U short and long formats, respectively.
Proposal 3: Design one enhanced short format and one enhanced long format.
· A good starting point is to consider enhancement on Rel-15 PUCCH format 2 and 3 for NR-U short and long formats, respectively.

As aforementioned in Section 2, interlace operation suffers from the capacity of UE multiplexing by itself. Accordingly, it is essentially required to utilize additional multiplexing methods. Among lots of solutions, orthogonal cover code (OCC) is an attractive method due to its simplicity where the OCC is not adopted in legacy PUCCH format 2/3 in Rel.15 NR. Assuming that 15KHz SCS case, then the number of interlaces M is 10, and the number of PRBs N is 10 PRBs. The OCC generation method can be mainly considered two ways: Alt.1) generate OCC against 10PRBs and divide into each PRB. Alt.2) generate OCC against 1PRB and permute in whole PRBs. It is well-known that OCC sequence which is widely frequency dispersive may introduce loss of orthogonality due to channel state such as frequency selective fading, and thus Alt.1 may not be suited in interlace circumstance of NR-U. From the perspective of preserving orthogonality, Alt.2 can be an attractive method. The OCC used in legacy PUCCH format 4 might be a good reference to adopt OCC. 


Fig. 3. An example of OCC with spreading factor for 4 and 12.
Figure 3 illustrates an example of OCC with spreading factors for 4 and 12 where dx (x=0,1,2…) denotes the index of BPSK or QPSK symbols. We see that there is a tradeoff between user multiplexing capacity and transmission capacity. For the case of spreading factor 4, three QPSK (or BPSK) symbols of coded bits can be transmitted while four users can be multiplexed in a PRB for a single OFDM symbol. On the other hand, twelve users can be multiplexed in the same condition although only one QPSK (or BPSK) of coded bits can be transmitted. In legacy PUCCH format 4 of Rel.15 NR, it is allowed only one PRB for transmission, and thus spreading factor 2 and 4 are naturally adopted to mitigate the tradeoff. In the case of NR-U, however, a UE has several PRBs (e.g., 10 PRBs for 15KHz) to transmit PUCCH in interlace operation. This is a large enough to transmit PUCCH, especially for the tiny UCI payload. Therefore, we propose that the OCC for enhanced NR-U PUCCH format should support the spreading factor up to 12. 
Proposal 4: The OCC for enhanced NR-U PUCCH format should support the spreading factor up to 12.
4. Discussion on NR-U PUSCH
In NR-U study phase, partial slot design was discussed and the following outcomes were captured in TR38.889 [2].
	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.



4.1. Uplink partial slot transmission
Uplink transmissions have to be well-controlled by the network. Therefore, the PUSCH transmission should be limited to inside of scheduled resources even if channel access timing is delayed. In TR38.889 the following two options are captured.

· 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.

In order to mitigate a negative impact by LBT failure, Option 2 should be supported. There are two levels for adopting Option 2. One is to allow multi-slot scheduling by a single UL grant but to limit possible starting positions to be slot boundaries, just like Rel-14 eLAA. The other is to allow multiple possible starting positions within a slot, which is similar to Rel-15 feLAA partial PUSCH Mode 1. For fair co-existence with the other nodes, it should be considered to maximize resource utilization. Hence, both levels should be supported. Similar to downlink, even if there are multiple possible starting positions within a scheduled slot, UEs do not have enough time to process PUSCH preparations after getting UL LBT results. Therefore, puncturing should be used for adjusting the PUSCH starting position to an allowed position.

Proposal 5: 
· If contiguous slots are scheduled for PUSCH transmissions from a UE and LBT does not passed for the first slot, the UE should still have a chance to start the PUSCH transmissions from the next slot subject to LBT.
· Multiple PUSCH starting positions within a slot depending on LBT results should be supported.
· Puncturing is used for starting position adjustment.
5. Conclusion
In this contribution, we propose
[bookmark: _References]Proposal 1: NR-U should not support sub-PRB-based interlace for PUSCH and PUCCH.
Proposal 2: The DFT-s-OFDM should be supported for interlaced PUSCH and PUCCH transmission.
Proposal 3: Design one enhanced short format and one enhanced long format.
· A good starting point is to consider enhancement on Rel-15 PUCCH format 2 and 3 for NR-U short and long formats, respectively.
Proposal 4: The OCC for enhanced NR-U PUCCH format should support the spreading factor up to 12.
Proposal 5: 
· If contiguous slots are scheduled for PUSCH transmissions from a UE and LBT does not passed for the first slot, the UE should still have a chance to start the PUSCH transmissions from the next slot subject to LBT.
· Multiple PUSCH starting positions within a slot depending on LBT results should be supported.
· Puncturing is used for starting position adjustment.
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