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1 Introduction
From RAN1#93 to RAN1#94bis meeting, there was a discussion on frame structure related aspects such as numerology, COT structure, channel access procedures, and wideband operation including CA and BWP(s). The followings were agreed [1]-[3].
	Agreements at RAN1#94:
· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands
· It is identified that being able to operate all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits 
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· Common interlace structure
· No need for gaps for transmission of SRS on a configured serving cell in unlicensed bands
· FFS: PRACH benefits
· FFS: same numerology for DL and UL considering switching gap

Working assumption at RAN1#94bis:
· Extended CP for SS/PBCH block is not supported for NR-U operation.
· Note: This working assumption will be confirmed if there is no issue identified in terms of coverage and delay spread
Agreements at RAN1#94bis:
· It has been identified that support of different numerology candidates at least has the following specification impacts.
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	15/30 kHz SCS
	60 kHz SCS

	UL Interlace Design
	PRB-based interlacing has following spec impacts.
· Number of interlaces
· Number of PRBs per interlace
· Resource allocation
· Channel estimation aspects (e.g., impact on PRG)

	PRB-based interlacing has following spec impacts,
· Number of interlaces
· Number of PRBs per interlace
· Resource allocation
· Channel estimation aspects (e.g., impact on PRG)
In addition to above impacts, sub-PRB-based interlacing has following spec impacts,
· Reference signal design (e.g., DMRS )
· Resource allocation

	NR-U DRS Design
	· SS/PBCH block time domain pattern is already supported in Rel-15

	· SS/PBCH block time domain pattern is not supported in Rel-15
· FFS for scaling Rel-15 design or new design
· SS/PBCH block – CORESET configuration tables (38.213, Section 13) is not supported in Rel-15


Agreements at RAN1#94bis:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.


In this contribution, we further discuss and provide our view on frame structure aspects related to, especially, a general numerology and wideband operation with BWP(s). 

2 Discussion on Frame Structure Aspects 
Numerology aspects for DL and UL
In NR system, [15, 30, 60] / [60, 120, 240] kHz subcarrier spacing are supported below 6GHz and above 6GHz respectively. Considering channel access procedure before UL/DL transmission in NR-Unlicensed, if 60 kHz subcarrier spacing is supported, the opportunity for channel access can be increased and unnecessary reservation signal to occupy the channel can be avoided by using smaller symbol duration with larger subcarrier spacing. Based on the scope of NR-U Rel-16 SI for sub-7GHz only, therefore, it seems beneficial to support 60 kHz subcarrier spacing for NR-U operation.
· Proposal 1: Under the scope of NR-U SI for sub-7GHz only, it seems beneficial to support 60kHz subcarrier spacing for NR-U operation for more channel access opportunities by using smaller symbol duration.
At the RAN1#94 meeting, it was agreed that the same numerology for all DL signals/channel in a carrier and at least for intra-band CA of serving cells on unlicensed bands can provide several benefits such as lower implementation, lower specification impact and no need for measurement gap. It was also agreed on numerology alignment for all UL signals/channels with several benefits such as lower implementation, lower specification impact, common interlaced structure and no need for gaps for SRS transmission. However, it was FFS for PRACH numerology and for the same numerology between DL and UL. For the PRACH numerology, considering UL channels multiplexing in the FDM manner between different UEs, it seems beneficial to have the same numerology for these PUSCH/PUCCH and PRACH. Also, regarding the same numerology between DL and UL, it seems beneficial to operate with the same numerology for DL and UL in order to minimize switching gap between DL and UL transmissions in a carrier on unlicensed band.
· Proposal 2: 
· Considering UL channels multiplexing in the FDM manner between different UEs, it seems beneficial to operate with the same numerology for these PUSCH/PUCCH and PRACH.
· It seems beneficial to operate with the same numerology for DL and UL in order to minimize switching gap between DL and UL transmissions in a carrier on unlicensed band.

Wideband operation
In the previous RAN1#94bis meeting, we discussed wideband operation with CA and BWP(s). For DL operation, it is necessary to further investigate the following options for BWP-based operation in a single carrier with bandwidth larger than 20 MHz. Since, during the previous meeting, it was decided to capture the option(s) in the TR after down-selecting in RAN1#95, in this section, we summarize pros and cons for each option on the perspective of transmission opportunity by eNB and PDCCH monitoring by UE. Our preference and further discussion points are also addressed.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Pros
· Depending on LBT outcome for each BWP, DL transmission on multiple BWPs for both contiguous and non-contiguous BWPs is possible
· More opportunities to transmit DL on each BWP
· Cons
· Additional spec. impact for multiple BWPs activation as compared with that of Rel-15 NR
· UE PDCCH monitoring burden on multiple activated BWPs regardless of DL LBT outcome for each BWP
· To avoid increasing of UE PDCCH monitoring burden, restriction on the total # of configured CORESETs for each activated BWP or all activated BWPs can be further considered.
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Pros
· Depending on LBT outcome for each BWP, more opportunity to transmit DL on each BWP
· Cons
· Additional spec. impact for multiple BWPs activation as compared with that of Rel-15 NR
· UE PDCCH monitoring burden on multiple activated BWPs regardless of DL LBT outcome for each BWP
· No clear advantage compared with option 1a
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP.
· Pros
· No additional burden to monitor PDCCH as compared with that of Rel-15 NR for a given UE
· No need to have intra-BWP guard bands
· Cons
· Less channel access opportunity and reduction of the spectrum utilization efficiency
· Less opportunity to transmit DL with larger BW in a single BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Pros
· No additional burden to monitor PDCCH as compared with that of Rel-15 NR for a given UE
· More opportunity to transmit DL on parts of single BWP within a BWP than Option 2
· No need to have intra-BWP guard bands
· Cons
· In case that CORESET is configured per LBT unit (i.e.20MHz) for transmission on each LBT unit, an additional burden for PDCCH monitoring can be increased for a given UE.
Based on this observation and discussion, we prefer to have at least Option-3 for BWP-based operation in an unlicensed carrier with bandwidth larger than 20 MHz and Option-1a can be further considered if multiple BWPs activation is allowed for NR-unlicensed operation. 
· Proposal 3: We prefer to have at least Option-3 for BWP-based operation in an unlicensed carrier with bandwidth larger than 20 MHz and Option 1a can be further considered if multiple BWPs activation is allowed for NR-unlicensed operation.

Conclusion
In this contribution, we have discussed frame structure aspects such as numerology for DL and UL and wideband operation with BWP(s). Our views are summarized as follows. 
· Proposal 1: Under the scope of NR-U SI for sub-7GHz only, it seems beneficial to support 60 kHz subcarrier spacing for NR-U operation for more channel access opportunities by using smaller symbol duration.
· Proposal 2: 
· Considering UL channels multiplexing in the FDM manner between different UEs, it seems beneficial to operate with the same numerology for these PUSCH/PUCCH and PRACH.
· It seems beneficial to operate with the same numerology for DL and UL in order to minimize switching gap between DL and UL transmissions in a carrier on unlicensed band.
· Proposal 3: We prefer to have at least Option-3 for BWP-based operation in an unlicensed carrier with bandwidth larger than 20 MHz and Option 1a can be further considered if multiple BWPs activation is allowed for NR-unlicensed operation.
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