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Introduction
[bookmark: _Ref494215420]In 3GPP RAN1#92bis, the following agreements were agreed [1]:
Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

In 3GPP RAN1#93bis, the following agreements were agreed [2]:
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios

In 3GPP RAN1#94, the following agreements were agreed [3]:
Agreement:
· 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

In 3GPP RAN1#94b, the following agreements were agreed [4]:
Agreement:
It has been identified that support of different numerology candidates at least has the following specification impacts.
	[bookmark: _Hlk525830964]Item
	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



[bookmark: OLE_LINK49]In this contribution, we provide our views on the frame structure design for unlicensed spectrum in NR, including subcarrier spacing, multiple switching points within a shared Channel Occupancy Time (COT), the initial signal and wideband transmission.
Discussion
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Support of 60 KHz SCS
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]For licensed bands, different subcarrier spacing (SCS) can be selected for NR data transmission, e.g. 15KHz、30KHz and 60KHz for FR1, 60KHz and 120KHz for FR2.Compared with only 15KHz SCS in LTE-based LAA, allowing to configure a larger SCS can achieve the shorter symbol duration, which is beneficial to increase the channel access opportunities and reduce latency.
It is agreed that occupied channel bandwidth (OCB) requirement should be a factor of designing Synchronize Signal Block (SSB) in initial active DL BWP [2].Since the initial active DL/UL BWP is approximately 20MHz for 5GHz band, one way to satisfy the OCB requirement is adopting 60 KHz SCS for SSB. It is agreed that operating all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands is beneficial [3]. Hence, 60 KHz should be supported for RMSI data and RMSI CORESET which is contained in the initial BWP.
In the last meeting, it is agreed that support of different numerology candidates have the specification impacts on the UL interlace design [4]. For sub-PRB based interlace design with 60KHz SCS, issues like reference signal design and resource allocation scheme is not clear yet now. Hence more standardization effort is needed for sub-PRB based interlace design compare to PRB based interlace design.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK9][bookmark: OLE_LINK12]Proposal 1: NR-U should support 60 kHz SCS for the initial BWP.

 Multiple switching points
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]When the gap is greater than 25 us, the problem of multiple switching points occurring in the downlink-to-uplink transmission is an FFS issue. ETSI BRAN mentions that the maximum Channel Occupancy Time (MCOT) can be increased from 6ms to 8ms by inserting one or more pauses.  The pause duration is at least 100us and not included in the COT [5]. That is, in the ETSI BRAN standard, the number of pauses is not limited when the Channel Occupancy Time (COT) does not exceed 20ms. From our point of view, the ETSI BRAN method can be reused in the NR-U study case. We propose that when the gap is greater than 25 us, multiple switching points within a COT should be supported.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK41][bookmark: OLE_LINK42]Proposal 2: NR-U should support multiple switching points within a COT when the gap between DL and UL transmissions exceeding 25us.

The agreement reached at the RAN1 #93 meeting mentioned that a low-complexity initial signal can be set to reduce the power waste caused by multiple PDCCH detections within an initial partial slot. The initial partial slot is the successive slot after the LBT succeeds. This initial signal can also be applied to scenarios such as improved coexistence, spatial reuse at least within the same operator network, and serving cell transmission burst acquisition. According to our research, this signal can also be applied to indicate the CORESET monitoring occasions within the initial partial slot.
As shown in the Fig.1, after the Listen Before Talk (LBT) successfully performed by the gNB, an initial signal is transmitted. The CORESET monitoring within the initial partial slot is triggered by the initial signal. And the corresponding CORESET monitoring occasion within the initial partial slot is pre-configured or indicated by RRC signaling. The CORESET monitoring period and the location can also be indicated by the initial signal directly. After receiving the initial signal, the UE performs CORESET monitoring at the corresponding location. The advantage of this signal is that the CORESET monitoring occasion with partial slot is more flexible.


Fig.1 An example of NR-U frame structure with the initial signal.

[bookmark: OLE_LINK46][bookmark: OLE_LINK50][bookmark: OLE_LINK10][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK35][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Observation: An initial signal is beneficial to the CORESET monitoring within the initial partial slot.

Wideband transmission
RAN1 #94b meeting has achieved following agreements about wideband transmission:
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Agreement:
· 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.

For a single carrier operating on a wide bandwidth, the transmission bandwidth should be dynamically adapted depending on the outcome of LBT procedure. To address such issue, four options have been proposed in last meeting. In this section, we would investigate the four options by considering the benefits and drawbacks.
For option 1a and option 1b, multiple BWPs can be configured and activated for one UE, and the gNB would transmit PDSCH(s) on which BWP(s) depending on the outcome of LBT procedure. However, only one BWP can be activated at a given time for a Rel-15 NR UE, which means extra standardization effort and L1 signaling is needed if option 1a and option 1b is adopted in NR-U wideband transmission. In addition option 1a and option 1b is similar as carrier aggregation which is already supported in NR-U, except it adds more complication.
For option 2, when several sub-band LBT fails, the gNB has to wait for all sub-bands LBT success before it starts transmission, so the channel access opportunity and the spectrum utilization efficiency would be negatively impacted.
[bookmark: OLE_LINK11][bookmark: OLE_LINK17]For option 3, the gNB could transmit PDSCH in whole or parts of the BWP depending on the outcome of LBT procedure. Comparing to option 2, more channel access opportunities and higher spectrum utilization efficiency could be achieved by option 3 with the drawback of interference from adjacent sub-band(s) within BWP.
Proposal 3: Option 3 should be supported for wideband transmission in NR-U.

Conclusion
In this contribution, we have discussed the frame structure design for unlicensed spectrum in NR, including subcarrier spacing, multiple switching points within a shared Channel Occupancy Time (COT) and the initial signal.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]Observation: An initial signal is beneficial to the CORESET monitoring within the initial partial slot.
Proposal 1: NR-U should support 60 kHz SCS for the initial BWP.
Proposal 2: NR-U should support multiple switching points within a COT when the gap between DL and UL transmissions exceeding 25us.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]Proposal 3: Option 3 should be supported for wideband transmission in NR-U.
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