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1 Introduction
The contribution is a revision of R1-1900395.
In RAN1 Ad hoc meeting 1901, the work item of NR-U is started. Regarding the UL signals and channels, the related agreements are listed below:

Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:

a.
15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace

b.
30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace

Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH

Working assumption:
· For a given SCS, the following interlace design is supported at least for PUSCH:

· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth

· Point A is the reference for the interlace definition

· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths

· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz

· FFS: Whether and how partial interlace allocation is supported

In this contribution, we further discuss the open issues of UL signals/channel on NR-U and present our views. 
2 Discussion
Wireless signal transmission on unlicensed spectrum should meet the requirements of regulation subject to the management of the located country/region. Hence, the design of uplink waveform for NR-U PUSCH/PUCCH should meet the regulation requirements on unlicensed spectrum. 
The requirements mainly include two aspects: 
· Occupied channel bandwidth (OCB): the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of declared Nominal Channel Bandwidth; 
· Maximum PSD (power spectrum density) with a resolution bandwidth of 1MHz, e.g., 10dBm/MHz. 
These two requirements dictate that a signal which occupies a small portion of the channel bandwidth cannot be transmitted at the maximum available power at the UE due to the PSD and OCB constraints. 

In Rel-14 LTE eLAA, interlace-based waveform is adopted as uplink waveform for unlicensed spectrum. For 20MHz bandwidth, all the available 100 PRBs are partitioned into 10 interlaces. Each interlace has 10 PRBs and is equally distributed within the whole bandwidth. In this way, each interlace spans more than 80% system bandwidth so that the regulation requirements of OCB can be met. Moreover, 10 PRBs of one interlace are equally spaced in frequency so that two adjacent PRBs of one interlace are separated by 1.8MHz distance and power boosting can be realized for each PRB of one interlace. 
For NR, interlace-based waveform can also achieve power boosting under PSD limit and meet regulatory requirements defined for occupied channel bandwidth. Different to LTE with 15 kHz subcarrier spacing, there are multiple numerologies defined for NR including 15, 30, 60 kHz for FR1. For 20MHz bandwidth, RAN1 has agreed using 10 interlaces with 10 or 11 PRBs per interlace for 15 kHz subcarrier spacing and 5 interlaces with 10 or 11 PRBs per interlace for 30kHz subcarrier spacing. For 20MHz bandwidth and 60 kHz subcarrier spacing, the detailed structure design is still FFS.

Table 1: Max transmission bandwidth configuration NRB for FR1 (450 – 6000 MHz)
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For 20MHz bandwidth and 60 kHz subcarrier spacing, candidate PRB-based interlace designs are listed in Table 2. Generally, the combination of 4 interlaces and 6 PRBs per interlace can’t meet the regulation requirement of at least 80% occupancy ratio. The combination of 3 interlaces and 8 PRBs per interlace can roughly meet the occupancy ratio requirement. Instead, the combination of 2 interlaces and 12 PRBs per interlace can obviously meet the requirement. Considering the 3-interlace structure has wider frequency separation of consecutive PRBs of one interlace, it leads to higher PSD, compared to 2-interlace structure. So 3-interlace structure is slightly preferred.

Table 2: Candidate interlace structure for 20MHz bandwidth and 60 kHz SCS
	SCS
	Candidate design
	Occupied channel bandwidth per interlace


	Percentage of occupied channel bandwidth per interlace over declared channel bandwidth

	60 kHz (total 24 PRBs)
	M = 4, N = 6

	15.12MHz (21 PRBs) 
	75.6%

	
	M = 3, N = 8
	15.84MHz (22 PRBs)
	79.2%

	
	M = 2, N = 12
	16.56MHz (23 PRBs) 
	82.8%


On the other hand, so-called “sub-PRB” based interlace structure is proposed by some companies for 60 kHz subcarrier spacing. For example, assuming 20 MHz bandwidth and 60 kHz subcarrier spacing, for sub-PRB based interlace with 6 contiguous subcarriers aggregated as one basic unit, the 24 PRBs can form 48 basic units and be partitioned into 4 interlaces with each interlace having 12 basic units; with 4 contiguous subcarriers aggregated as one basic unit, the 24 PRBs can form 72 basic units and be partitioned into 6 interlaces with each interlace having 12 basic units. Compared to PRB-based interlace, sub-PRB based interlace can achieve high Tx PSD gain in uplink transmission. However, sub-PRB based interlace structures have problems in DMRS design and associated channel estimation performance. In addition, more signaling overhead in UL grant is required for resource allocation indication in frequency domain. Furthermore, sub-PRB based interlace structures have contradiction with the basic PRB concept in NR and PSD gain is limited to small resource allocation size.
Proposal 1: PRB-based interlace structure is supported for the numerology of 60 kHz for NR-U uplink transmission.
Proposal 2: For 20MHz bandwidth and subcarrier spacing of 60 kHz, the combination of M=3 and N=8 (3 interlaces and 8 PRBs per interlace) is supported for NR-U uplink transmission. 
Proposal 3: Sub-PRB based interlace is not supported in Rel-16 NR-U.
Regarding the UL transmission on unlicensed spectrum, in Rel-15 LTE FeLAA, the candidate starting positions for uplink transmission include symbol 0 and symbol 7 in one subframe. In order to simplify UE implementation, a full subframe PUSCH is prepared by UE no matter when the UE can start its PUSCH transmission in the subframe. The first slot will be punctured if UE fails to grab the channel from symbol 0 and occupies the channel from symbol 7. In this way, only the second slot of the subframe is used for PUSCH transmission. However, from the perspective of channel utilization efficiency, only two candidate starting positions for both DL and UL leads to lower channel utilization efficiency.

Unlike LTE, NR is designed quite flexible. Multiple flexible starting positions and durations for PUSCH transmission are defined in TS38.214 and listed in Table 6.1.2.1-1. Based on the starting positions and durations defined for normal CP, PUSCH type A has only one starting position and up to 11 ending positions; PUSCH type B has up to 14 candidate starting positions and 14 candidate ending positions. The detailed values are listed in Table 1. It is noted that the maximum ending position is symbol 13 so that one PUSCH transmission is guaranteed not across slot boundary. 

Based on the multiple starting positions for NR PUSCH mapping type B, i.e., started from any symbol within the scheduled slot, it provides high flexibility for PUSCH transmissions. This flexibility allows PUSCH transmission in unlicensed spectrum immediately as long as the channel is sensed to be available. Compared to LTE LAA/eLAA, NR-based UL transmission greatly improves the channel utilization efficiency since there are 14 candidate starting positions in the scheduled slot. 

Table 6.1.2.1-1: Valid S and L combinations

	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…,12}
	{1,…,12}
	{1,…,12}


Table 1: Candidate starting positions and ending positions for normal CP

	
	Starting positions
	Ending positions

	PUSCH Type A
	{0}
	{3,4,…,13}

	PUSCH Type B
	{0,1,…,13}
	{0,1,…,13}


Proposal 4: Reuse existing starting positions and ending positions specified for NR Rel-15 PUSCH mapping Type B for NR-U.

Proposal 5: Do not introduce additional starting position and duration for NR-U.

For NR UL transmission, the UL grant indicates the concrete time domain resource allocation pattern, i.e., the scheduled slot, the starting symbol index and the transmission duration within the scheduled slot. Upon reception of the UL grant, UE prepares a single PUSCH just according to the UL grant. Considering multiple starting positions are supported for PUSCH transmission, the UE transmits the PUSCH started from the nearest candidate starting position as soon as the corresponding LBT is successful. As a result, the prepared data before the determined starting position is punctured. Thanks to the CBG-based retransmission specified in NR Rel-15, the data punctured due to LBT failure could be recovered. In detail, those CBGs punctured due to LBT failure or incorrectly decoded by gNB can be scheduled for retransmission by means of indicating the corresponding CBGTI in UL grant. The CBGs correctly decoded at gNB side is not necessary for retransmission so that the retransmission efficiency is improved.  
Proposal 6: Multiple starting positions are allowed for PUSCH transmission and single PUSCH is prepared by UE.

Proposal 7: PUSCH is punctured depending on LBT outcome.

· Based on LBT outcome, prepared data before the determined starting position is punctured. 

Proposal 8: CBG-based retransmission is supported to recover the data punctured due to LBT failure. 
In Rel-15 NR, five PUCCH formats are specified with major differences in terms of payload size, duration, waveform, frequency bandwidth and multiplexing capacity. In detail, PUCCH format 0 and 2 have duration of one or two symbols while PUCCH formats 1, 3 and 4 have duration of 4-14 symbols. PUCCH format 0 and 1 support one or two HARQ-ACK bits while PUCCH format 2, 3 and 4 can support large range of payload size. PUCCH format 0, 1 and 4 occupy single PRB in frequency domain while PUCCH format 2 and 3 can be configured to occupy up to 16 contiguous PRBs in frequency domain. Those five PUCCH formats provide the flexibility in resource allocation. 
However, from the perspective of regulation requirements, PUCCH format 0, 1 and 4 occupy single PRB in frequency domain, which cannot meet the OCB requirement. Furthermore, both PUCCH format 0 and PUCCH format 1 can support up to two HARQ-ACK/SR bits. Considering RAN1 strive for a design of transmitting HARQ-ACK feedback bits corresponding to all the PDSCHs in the same COT, the HARQ-ACK feedback overhead is far more than 2 bits. Especially when CBG-based retransmission is configured, the HARQ-ACK feedback overhead is much high. Therefore, PUCCH format 0, 1 and 4 are not suitable for NR-U in terms of payload and OCB requirement.

Although PUCCH format 2 and 3 can occupy up to 16 PRBs, those PRBs are mapped contiguously in frequency domain. From the perspective of regulation requirements in OCB and PSD, both formats may not meet the regulation requirements. For example, in case of 20MHz bandwidth (i.e., 106 PRBs in NR) and 15 kHz subcarrier spacing, the maximum 16 contiguous PRBs span about 15% bandwidth. This frequency span cannot meet the OCB requirement. Additionally, both PUCCH format 2 and 3 cannot be transmitted with high Tx PSD under PSD limit of 10 dBm/MHz, even though both formats can satisfy OCB requirement. 

Since interlace-based waveform is quite suitable for uplink transmission on unlicensed spectrum, it can be used for both PUSCH transmission and PUCCH transmission. In this way, it can not only satisfy the regulation requirements for both channels but also easily make PUSCH and PUCCH multiplexed in same slot by allocating orthogonal interlaces. To have a common interlace structure for both PUCCH and PUSCH, interlace-based structure is used for PUCCH transmission for NR-U. So both PUCCH format 2 and 3 should be enhanced to have an interlace-based structure in order to satisfy regulation requirements.
Proposal 9: NR PUCCH format 2 and 3 are enhanced to support interlace-based structure for NR-U.
Proposal 10: NR PUCCH format 0, 1 and 4 are not supported for NR-U.

3 Conclusion

In this contribution, we focus on the open issues of UL signals/channel on NR-U and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: PRB-based interlace structure is supported for the numerology of 60 kHz for NR-U uplink transmission.

Proposal 2: For 20MHz bandwidth and subcarrier spacing of 60 kHz, the combination of M=3 and N=8 (3 interlaces and 8 PRBs per interlace) is supported for NR-U uplink transmission. 
Proposal 3: Sub-PRB based interlace is not supported in Rel-16 NR-U.
Proposal 4: Reuse existing starting positions and ending positions specified for NR Rel-15 PUSCH mapping Type B for NR-U.

Proposal 5: Do not introduce additional starting position and duration for NR-U.

Proposal 6: Multiple starting positions are allowed for PUSCH transmission and single PUSCH version is prepared by UE.

Proposal 7: PUSCH is punctured depending on LBT outcome.

· Based on LBT outcome, prepared data before the determined starting position is punctured. 

Proposal 8: CBG-based retransmission is supported to recover the data punctured due to LBT failure. 

Proposal 9: NR PUCCH format 2 and 3 are enhanced to support interlace-based structure for NR-U.

Proposal 10: NR PUCCH format 0, 1 and 4 are not supported for NR-U.
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