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[bookmark: _Toc534884027][bookmark: _Toc16692836]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/channels in last meeting [2] and NR-U work prioritization [3] as endorsed in RAN 84 are listed below.
	[bookmark: _Ref494215420]Agreement:
Support enhancement of Rel-15 PUCCH formats PF0 and PF1 as follows:
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]Mapping to physical resources of one full interlace in 20 MHz.
· FFS: Sequence type and mapping considering the following alternatives:
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace
· FFS: Impact due to guardbands 
· Note: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact
· Note: Interlaced PF2 and 3 are not enhanced to support 1-2 bit payloads

Agreement:
For enhanced Rel-15 PF3 supporting interlaced mapping, do not replace DFT-s-OFDM with CP-OFDM

Prioritization of UL signals/channels for NR-U:
Essential
· PUCCH EPF0/1/2/3 design
· Interlaced PUSCH resource allocation design in DCI
Optimizations
· Multiple starting position within a PUSCH
· 60KHz PUSCH interlaced waveform
· SRS waveform enhancement (interlace or stagger)
· P/SP-SRS multiple opportunities



This contribution gives some considerations for PUCCH/PUSCH/SRS in NR-U operation, including:
· Interlaced structure
· PRB based interlace for 60kHz for 20MHz 
· PUSCH on a 10 MHz SCell in 5 GHz
· PUSCH
· PUSCH transmission in the partial slot
· PUSCH resource allocation in the frequency domain
· PUCCH
· SRS
· SRS waveform enhancement
· P/SP-SRS
[bookmark: _Toc534884028][bookmark: _Toc16692837]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][bookmark: _Toc16692838]Interlaced structure
[bookmark: _Toc16692839][bookmark: _Toc534884031]PRB based interlace for 60 kHz for 20MHz
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]In RAN1 AH 1901 meeting, PRB-based interlace transmission of PUSCH and PUCCH in 20 MHz carrier bandwidth was identified [4]. For 15 kHz SCS, M = 10 interlaces with N = 10 or 11 PRBs / interlace; and for 30 kHz SCS, M = 5 interlaces with N = 10 or 11 PRBs / interlace. 
However the interlaces number M and PRB number per interlace N for 60 kHz SCS are not decided yet, since PRB number in 20MHz with 60 kHz SCS should be decided between 24 PRBs or 26 PRBs by RAN4 first. Three candidates M and N are provided before and listed below in Table 1. OCB calculation uses the following equation:

Table 1: OCB for interlaces within 20MHz bandwidth
	SCS 
	Candidates
	OCB

	60 kHz
24 PRBs
	M = 4
	N = 6 
	75.6%

	
	M = 3
	N = 8
	79.2%

	
	M = 2
	N = 12 
	82.8%

	60 kHz
26 PRBs
	M = 4
	N = 6
	75.6%

	
	
	N = 7
	90.0%

	
	M = 2
	N = 13
	90.0%

	
	M = 3
	N = 8 
	79.2%

	
	
	N = 9
	90.0%



Obviously, in order to meet the requirement of OCB, M = 2 should be adopted for 60 kHz if it is supported in NR-U.
Proposal 1. Within a 20 MHz carrier bandwidth, PRB-based interlace with M =2, N = 12 (24 PRBs) or 13(26 PRBs) should be considered for 60 kHz SCS if it is supported in NR-U.
[bookmark: _Toc16692840]PUSCH on a 10 MHz SCell in 5 GHz
In RAN84, 10MHz operation for 5GHz band was agreed to support in NR-U [1] and the absence of WiFi channels should be guaranteed. One related issue is PUSCH interlaced structure design on a 10 MHz bandwidth.
Maximum transmission bandwidth configuration NRB was defined by RAN4 as shown in Table 2 [5]. The PRB number in 10MHz with 15/30/60 kHz SCS is 52/24/11 separately. 
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 2: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135



For 60 kHz SCS, there are only 11 PRBs in 20MHz, it is not necessary to support interlaced structure. Since if interlaced structure is adopted, there is at most one interlace. It implies that every schedule should be whole 20MHz subband, which is too limited for gNB scheduling and UL transmission. We propose to reuse the legacy UL resource allocation and satisfy OCB requirement such as giving some limits of minimum scheduled PRB number for different SCS.
For 15 kHz and 30 kHz, considering much more PRB number in 20MHz, interlaced structure for PUSCH should be supported. Table3 gives calculated OCB for 15/30 kHz SCS with the assumption of M = 5/2. The OCB calculation follows the above equation too. 
Table 3: OCB for interlaces within 10MHz bandwidth
	SCS 
	Interlace stucture
	OCB

	15 kHz 52 PRB
	M = 5
	N = 10 or 11
	82.8%

	30 kHz 24 PRB
	M = 2
	N = 12 
	82.8%



Proposal 2. For 10 MHz, non-interlaced structure is used for PUSCH when using 60 kHz SCS.
Proposal 3. For 10 MHz, when using 15 kHz SCS, M = 5 interlaces with N = 10 or 11 PRBs / interlace; for 30 kHz SCS, M = 2 interlaces with N = 12 PRBs / interlace.

[bookmark: _Toc16692841][bookmark: _Toc534884032]PUSCH
[bookmark: _Toc16692842]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 4. Option 2 should be supported for PUSCH transmission in the partial slot

[bookmark: _Toc16692843]PUSCH resource allocation in the frequency domain
For PUSCH resource allocation in the frequency domain, LAA interlaces indication should be used as a starting point. Rel-15 NR support type 0 and type 1 resource allocation. Type 1 resource allocation can be easily used for interlace resources, which start position and duration can be re-interpretation with start interlace and interlace duration. Meanwhile Type 0 resource allocation is the method of bitmap, which can provide more schedule flexible but with larger bit width. So at least type 1 resource allocation should be supported for frequency domain resource allocation.
Proposal 5. At least type 1 resource allocation should be used for frequency domain resource allocation.

[bookmark: _Toc534884033][bookmark: _Toc16692844]PUCCH
Five PUCCH formats are supported 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. 
It was agreed to support four enhanced PUCCH formats in NR-U, including enhancement of PUCCH formats PF0 and PF1 using PRB-based frequency block-interlaced transmission. And a PUCCH resource has to be mapped to physical resources of one full interlace in 10/20MHz. Three enhancement alternatives are given during the last meeting.
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace

We prefer Alt-1. A legacy sequence is mapping to all PRBs of one interlace with control PRPR/CM mechanisms. Such as cycling of cyclic shifts across PRBs, or phase rotation across PRBs of one interlace.
For Alt-1a or 1b, it may introduce a PRB index within one interlace in this equation or legacy sequence covered by an OCC sequence. These methods are easier to implement and less impact on specification compared with Alt-2 and Alt-3.


Secondly, Alt-2 can only be supported when pucch-GroupHopping equals 'enable', since when pucch-GroupHopping equals 'neither' or 'disable', the group number u always use the same value. From this sight, Alt-2 is not a unified method for NR-U.
Thirdly, a single long sequence in Alt-3 needs too much standardization work, due to the limited WI schedule, we do not have enough time to evaluate the performance of this new sequence. So Alt-3 is lowest priority. 
Proposal 6. [bookmark: _Toc534884034]Support Alt-1.
· A PUCCH EPF0/1 uses the repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of one interlace with CS cycling or phase rotation across PRBs of one interlace.

[bookmark: _Toc16692845]SRS
[bookmark: _Toc16692846]SRS waveform enhancement
Rel-15 NR support comb structure based SRS with 2 and 4 comb-levels. The minimum sounding bandwidth for SRS transmission can be 4 PRBs, and for other sounding bandwidth configurations it would always be a multiple of 4 PRBs. 
For NR-U, the minimum sounding bandwidth needs to meet the OCB requirement. Reusing the legacy comb-based wideband SRS over 10MHz/20MHz sub-band can be configured to meet OCB requirement. This wideband SRS can provide good SRS detection performance and sufficient SRS multiplexing capacity. There is no need to introduce another new SRS waveform.
Proposal 7. Only legacy SRS waveform is used for Rel-15 NR-U. NR-U does not support interlaced SRS transmission.

[bookmark: _Toc16692847]P/SP-SRS 
Rel-15 NR supports both periodic and aperiodic SRS transmissions. However, due to the possibility of LBT contention, periodic transmission is not preferred in NR-U. Similar to eLAA, we propose to support only aperiodic SRS transmission, triggered by DCI to increase the opportunity of SRS transmission.
Proposal 8. NR-U does not support P/SP-SRS transmission

[bookmark: _Toc534884039][bookmark: _Toc16692848]Conclusion
In the contribution, we discuss the PUSCH/PUCCH/SRS in NR-U operation, and raise the following proposals.
Proposal 1.	Within a 20 MHz carrier bandwidth, PRB-based interlace with M =2, N = 12 (24 PRBs) or 13(26 PRBs) should be considered for 60 kHz SCS if it is supported in NR-U.
Proposal 2.	For 10 MHz, non-interlaced structure is used for PUSCH when using 60 kHz SCS.
Proposal 3.	For 10 MHz, when using 15 kHz SCS, M = 5 interlaces with N = 10 or 11 PRBs / interlace; for 30 kHz SCS, M = 2 interlaces with N = 12 PRBs / interlace.
Proposal 4.	Option 2 should be supported for PUSCH transmission in the partial slot
Proposal 5.	At least type 1 resource allocation should be used for frequency domain resource allocation.
Proposal 6.	Support Alt-1.
•	A PUCCH EPF0/1 uses the repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of one interlace with CS cycling or phase rotation across PRBs of one interlace.
Proposal 7.	Only legacy SRS waveform is used for Rel-15 NR-U. NR-U does not support interlaced SRS transmission.
Proposal 8.	NR-U does not support P/SP-SRS transmission
[bookmark: _Toc534884040][bookmark: _Toc16692849]Reference
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