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[bookmark: _Toc534884027]Introduction
NR-based Access to Unlicensed spectrum was approved to be studied and specified as the WI in RAN#82. The achieved agreements for UL signals and channels in last meeting are listed below.
	[bookmark: _Ref494215420]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




This contribution gives some considerations for PUCCH/PUSCH/SRS in NR-U operation, including:
· Interlaced structure
· PRB based interlace
· Interlace design for a carrier with wide bandwidth
· PUSCH transmission in the partial slot
· PUCCH
· NR PUCCH format 2 and 3
· Interlace based PUCCH formats
· SRS
· SRS in time domain
· SRS in Frequency domain

[bookmark: _Toc534884028]Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this section, we discuss the potential design principles of PUSCH/PUCCH/SRS in NR-U operation.
[bookmark: _Toc534884029]Interlaced structure
[bookmark: _Toc534884030]Sub-PRB interlacing for 60 kHz
It has agreed NR-U support PRB interlacing for 15 kHz and 30 kHz. But for 60 kHz some companies suggested sub-PRB interlacing, since sub-PRB interlacing has larger multiplexing capacity and transmission power efficiency for the small resource allocation case. However, if a UE requires large resource allocations such as more than one interlace, sub-PRB interlacing has no benefit compared with PRB interlacing. On the other hand, Sub-PRB interlacing needs more standard work, e.g. DMRS pattern, and DMRS sequence. So we propose not to support sub-PRB interlacing for 60 kHz.
Proposal 1. Not support sub-PRB interlacing for 60 kHz.
[bookmark: _Toc534884031]Interlace design for a carrier with wide bandwidth for PUCCH
There are two interlace designs for a carrier with wide bandwidth:
· Alt-1: Same interlace spacing for all interlaces regardless of carrier BW.
· This alternative uses Point A as a reference for the interlace definition
· Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band). 
In 3GPP RAN1 AH1901 meeting, same spacing (M) between consecutive PRBs in an interlace for all interlaces was agreed for PUSCH on the carriers with wide bandwidth. But it is still FFS for PUCCH. 
Firstly, if same interlace design is used for PUCCH and PUSCH, it is more convenient for PUCCH and PUSCH multiplexing transmission. Secondly, there are some unnecessary guard band for Alt 2 in any two adjacent subbands, since interlaces are only based on the fixed number of PRBs in 20MHz. For example, it is 106 PRBs in 20MHz carrier BW when SCS is 15 kHz. If we use this PRB number for interlacing definition, there is almost 1MHz guard band between two subbands which can’t be used. 
From this point of view, we prefer Alt 1 for PUCCH interlacing structure 
Proposal 2. [bookmark: _GoBack]Same interlace spacing for all interlaces regardless of carrier BW should be used for both PUCCH and PUSCH.
[bookmark: _Toc534884032]PUSCH transmission in the partial slot
In RAN1#95 meeting, following options have been identified as possible candidates for PUSCH transmission in the partial slot 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. 
In our understanding, flexible starting positions for PUSCH is already supported in Rel-15 NR by means of type-B resource mapping, where type-B is for non-slot based transmission. For type-B, we have flexible starting positions and flexible lengths for PUSCH. This section provides specification impacts aspects of each option as given below:
· Option 1 is baseline and it could be applied with no modification in NR-U. For this option, since the starting position and transmission length is determined by the prior received UL grant, they cannot adapt to the outcome of LBT. Therefore, this option would result in less channel access opportunities compared to option 2. Performance impact may be significant due to lack of channel access opportunities.
· Option 2 would provide more channel access opportunities than option 1. However, some enhancements in RE mapping rules and DMRS locations are needed. Compared to option 1, performance improvement may be obvious.
Proposal 3. Option 2 should be supported for PUSCH transmission in the partial slot
[bookmark: _Toc534884033]PUCCH
5 PUCCH formats are introduced in Rel-15 NR. PUCCH formats 0 and 2 are short PUCCH durations, supporting 1 or 2 symbols. PUCCH formats 1, 3 and 4 are long durations with equal or more than 4 symbols. Considering PUCCH time domain duration, both short and long PUCCH as PUCCH format 2 and 3 were agreed to be supported, one can be used in the end of DL transmission and the other can be used in UL centered slot.  In addition, some extension for PUCCH format(s) to support PRB-based frequency block-interlaced transmission is needed.
[bookmark: _Toc534884034]NR PUCCH format 2 and 3
PUCCH format 2/3 can report more than 2 bits UCI, but one is short PUCCH and the other is long PUCCH. We think both of PUCCH format 2/3 are needed for NR unlicensed: the short PUCCH format 2 is suitable for short UCI transmissions at the end of DL burst, while the long PUCCH format 3 is needed to carry larger UCI payloads and/or to provide reasonable coverage for NR unlicensed with considerable UCI payload.
In NR, gNB can choose a PUCCH resource for UE, contains PUCCH start symbol, duration and max PRB number in frequency domain. UE will determine the actually PRBs for transmission based on code rate and UCI bits. If there aren’t enough UCI to map contiguous allocations to meets the minimum temporal allowance of 2 MHz, such as less than 12/6/3 PRBs for 15/30/60 kHz SCS, the method in NR should be enhanced. So there are two alternatives for this problems.
Alternative 1: this case is not allowed.
Alternative 2: PUCCH number of OFDM symbols may be selected by UE according to the payload size and the total configured PUCCH frequency resources
Proposal 4. Consider the case where contiguous allocation is less than minimum temporal allowance of 2MHz.
[bookmark: _Toc534884035]Interlace based PUCCH formats
In order to meet the regulatory restrictions on PSD and EIRP as well as on transmission occupied channel BW, PUCCH has better to use similarly interlaced waveform as PUSCH. 
In our option, enhancing legacy PUCCH formats 0/1/4 (single PRB) can be extended to multiple PRBs by repetition of the coded bit. PUCCH format 0 and 1 can be used for less than 2 bits UCI, including Msg 4 HARQ-ACK. And for PUCCH format 4, it can used to moderate UCI payload size, which is more useable for the case not satisfy with minimum temporal allowance of 2MHz.
Proposal 5. Format 0/1/4 should be start point for interlaced PUCCH structure.
[bookmark: _Toc534884036]SRS
[bookmark: _Toc534884037]SRS in time domain
NR supports periodic/semi-persistent/aperiodic SRS transmission. It can be used as the baseline for SRS in NR-U. 
In NR-U, SRS transmission in the configured time resource would be subject to the results of the LBT. Since then periodic and semi-persistent SRS would greatly increase uplink transmission opportunity, which results in large amount of channel access occasions from different UEs that can lead to more complex channel occupations. So it need more studies on whether or not to support periodic and semi-persistent SRS in NR-U. If only aperiodic SRS supported, how to support all functions related with SRS, such as uplink beam management, codebook based/non codebook based uplink transmission, etc. So we propose at lease aperiodic SRS should be supported in NR-U, and periodic and semi-persistent SRS need further discussion.
Proposal 6. Aperiodic SRS should be supported in NR-U, and periodic and semi-persistent SRS need further discussion

[bookmark: _Toc534884038]SRS in Frequency domain
SRS can be transmitted wideband or frequency-selective subband in NR. Compared with LTE SRS and SRS in LAA, considering OCB regulatory requirements, only wide-band BWP or 20MHz subband SRS could be supported in NR-U. So we propose:
Proposal 7. Wide-band BWP or 20MHz subband SRS could be supported in NR-U.
[bookmark: _Toc534884039]Conclusion
In the contribution, we discuss the PUSCH/PUCCH/SRS in NR-U operation, and raise the proposals as follows.
Proposal 1.	Not support sub-PRB interlacing for 60 kHz.
Proposal 2.	Same interlace spacing for all interlaces regardless of carrier BW should be used for both PUCCH and PUSCH.
Proposal 3.	Option 2 should be supported for PUSCH transmission in the partial slot
Proposal 4.	Consider the case of contiguous allocation is less than minimums temporal allowance of 2MHz.
Proposal 5.	Format 0/1/4 should be start point for interlaced PUCCH structure.
Proposal 6.	Aperiodic SRS should be supported in NR-U, and periodic and semi-persistent SRS need further discussion
Proposal 7.	Wide-band BWP or 20MHz subband SRS could be supported in NR-U.
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