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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16]The SID on NR-based Access to Unlicensed Spectrum (NR-U) [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands. Besides, coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements should also be studied. 
In RAN1 #92bis meeting, the following agreements about frame structure for NR-U have been reached. 
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 RAN1 #93 meeting, the following agreements about NR-U frame structure have been reached. 
Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.
Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure
· Identify the changes needed to support FBE operation of NR-U
· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 
· Strive to minimize the change from current NR design
And in RAN1 #94 meeting, the following agreements about NR-U frame structure have been reached. 
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 this contribution, we discuss frame structure aspects for NR-U, such as different Sub-Carrier Spacing (SCS), frame structure configuration, multiple slot durations and so on. 
 Frame structure
SCS for NR-U
In licensed band, multiple SCSs can be selected to support NR transmission. For example, for NR sub-6G licensed band, 15/30/60 KHz SCS are supported. For sub-6G unlicensed bands, e.g., 5GHz, the 15KHz SCS with normal CP length is supported in LAA, and the same SCS should also be supported in NR-U to achieve a similar coverage and performance as LAA. Meanwhile, if a larger SCS is applied, the symbol duration will be shorter and some benefits could be achieved for operation on unlicensed bands. For example, a larger SCS can facilitate the single wideband carrier operation and the shortened symbol duration is beneficial to enhance unlicensed spectrum utilization and reduce transmission latency. Hence, multiple SCSs already supported in licensed band should be supported on unlicensed bands as well. Similarly, for NR on 6-7 GHz unlicensed bands, SCSs as sub-6G can be supported.
However, note that Rel-15 NR does not support 60KHz SCS SSB/RMSI/OSI and PRACH design for sub-6GHz. Therefore, if 60KHz SCS is introduced, many standard work should be done. For example, a new SS/PBCH block design is needed. Consequently, to support an SS/PBCH block with 60 kHz SCS, either an additional bit needs to be added in the MIB or the existing bits need to be reinterpreted. To support 60KHz for PRACH transmission in spectrum below 6GHz, again, current RRC signaling needs extension or some reinterpretation of existing configuration.
Also in the last RAN1 meeting, it has been identified to be beneficial to have block-interlaced design for UL. In such case, a PRB-block interlaced UL for 60 KHz SCS with e.g. a 20 MHz system BW may result in limited scheduling flexibility and/or output power where some other alternative such as a sub-PRB interlace design has been proposed. However, introducing a sub-PRB interlace design would have significant impact not only to NR specifications but also to the implementation as well since the PRB is a fundamental building block for NR specifications and system design/operation.
In conclusion, introducing 60KHz SCS for NR-U would require much specification work while the benefits and applicable scenario for 60KHz SCS has not been fully justified. Therefore, 60kHz SCS should not be supported for NR-U at least for this release.
Proposal 1: considering the influence on NR specification, 60KHz SCS should not be supported for NR-U in sub-7GHz.
For NR, the SCS for each channel or signal is configured through BWP IE configuration, and the sub-carrier spacing in the BWP IE is used for all channels and reference signals unless explicitly configured elsewhere. The reference SCS of the slot structure configuration is included in SIB1. Furthermore, the SCS for SIB1, Msg.2/4 for initial access and broadcast SI-messages is included in the MIB. In general, for NR-U, these SCS configuration schemes can be reused directly.  
Observation 1:  There is no impact on MIB and SIB1 content foreseen for NR-U. And the SCS configuration for each channel and signal can directly reuse the existing mechanics.  
In last RAN1 meeting, 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 many benefits. And 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 also has many benefits. On whether operating the same numerology for DL and UL, considering the switching gap, we believe it is better to use the same numerology for DL and UL in a COT, or else a larger gap may be needed which will negatively affect the resource utilization.
Proposal 2: it is beneficial to use the same numerology for DL and UL.
MCOT frame structure/slot configuration
In licensed band, NR supports dynamic and semi-statically configured slot configuration and the configuration period can be {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms.  The semi-static DL/UL assignment is done via cell-specific and UE-specific RRC configuration. With the cell-specific configuration, the UE is allocated a DL-unknown-UL pattern. The “unknown” resources are flexible resources that can be assigned DL or UL direction using UE-specific configuration or dynamic signaling. The UE-specific RRC signaling or dynamic signaling includes the indication as per slot basis that can override the “unknown” allocation in the cell-specific configuration. Resources in the slot configuration that are without DL/UL indication remain flexible resources. 
For NR-U, dynamic and semi-statically configured UL/DL configuration as in licensed band should also be considered. For example, some semi-static UL/DL assignments can be used to indicate DL slots for UE to receive SSB, and some other slots can be assigned for UE to transmit PRACH or configured grant transmission. If gNB performs LBT successfully on the semi-statically configured DL slot, gNB can override the unknown resource through DCI format 2_0 dynamically.
Besides, the frame structure design in NR-U should be flexible and efficient enough to make use of the MCOT. Multiple DL-to-UL switch points in the MCOT has been agreed to reduce the scheduling and feedback delay.  However, more DL-to-UL switch points means more gap to perform LBT upon every change of transmission direction and the resource may be wasted or the channel may be lost during this time. Therefore the trade-off between fast switching and overhead should be further studied in possible use cases. Furthermore, as the MCOT duration is different for different channel access priority and area regulation, we should define different maximum number of DL-to-UL switch points for different MCOT duration.
Proposal 3: 
· NR-U should support both dynamic and semi-static DL/UL configurations.
· The maximum number of DL-to-UL switch points within the MCOT should be limited and should be different for different MCOT duration.
Multiple slot durations in an MCOT
In Rel-13 LAA, the eNB can only start transmission at slot boundaries (symbol 0/7) with 15 KHz subcarrier spacing. The reservation signal is transmitted before the DL transmission start position, i.e., the slot boundary, to reserve the carrier and prevent other devices from occupying the spectrum, which is the overhead of LAA system. Therefore, the overhead of reservation signal should be minimized.
For NR-U, different slot types including slot and mini-slot (non-slot-based scheduling) can be utilized to minimize the reservation signal length. The NR gNB or UE should be able to send DL/UL TX burst as soon as possible whenever it finishes LBT/CCA, resulting in different slot duration. As illustrated in Figure 1, the gNB can choose the type of first slot i.e. mini-slot based on LBT/CCA success location and slot boundary, and then select the type of following slots with a larger size e.g. slot. The type of last slot(s) is/are chosen according to the remaining time within the MCOT. In Figure 1, the rest of the maximum COT is not enough for a normal slot, but enough for two whole mini-slots.


Figure 1: multiple slot durations in an MCOT
For DL, as CORESET can be configured to start from any symbol, gNB can start downlink transmission from the nearest symbol after a successful LBT so that reservation signal overhead can be minimized. However, it will introduce blind detection complexity to UE. Therefore, NR-U should design an efficient mechanism for a UE to detect the beginning of a downlink transmission. In last meeting, it has been agreed that a signal can be studied for UE power saving, spatial reuse and transmission burst acquisition. In LAA, initial signal had been discussed and reached some agreements/conclusions, such as initial signal(SSS/PSS) transmitted before the first data/control OFDM symbol of the DL transmission burst can be used as detecting DL burst transmission. Besides, other function facilitates UE detection with low complexity can also be achieved by initial signal. Furthermore, for this signal design, PSS/SSS, preamble or CSI-RS can be considered as part of this signal. And the details can be seen in the contribution [2].
For UL, NR support non-slot based PUSCH scheduling and the start symbol is dynamically DCI indicated. Therefore, the UE can transmit PUSCH starting from the indicated symbol. However, this position may not well matched with the nearest symbol where LBT succeeds. So more reservation signals may be needed for UL. 
As NR already supports multiple start positions and durations, it can provide enough transmission flexibility for NR-U as well. Therefore, we think additional start points and durations are not necessary. Further enhancements can be considered to better adapt to the characteristics of NR-U. 
Proposal 4: Multiple slot durations within a MCOT can be considered to minimize the overhead of reservation signal and improve spectrum efficiency.
Observation 2: Existing start positions and durations for NR can provide enough transmission flexibility for NR-U. 
FBE based frame structure
An FBE based frame structure in a fixed frame period is shown in Figure 2(a). Based on the regulations, the RAT occupied the channel should idle 5% COT and all the FBE nodes will sense the channel at a fixed location. Compared with LBE, the FBE channel access mechanism has the benefits of more efficient channel access. And in RAN1 #93 meeting, it has been agreed to study this FBE based frame structure for NR-U.
For NR frame structure configuration as discussed in section 2.2, gNB can dynamic and semi-statically configure slot configuration in a configuration period. The typical NR frame structure can be seen in Figure 2(b) and this structure does not conform to the FBE based frame structure since it is not considered to set aside an interval for performing LBT at the end of slot. However, as DL/unknown/UL duration can be assigned arbitrary, if both values of nrofUplinkSlots and nrofUplinkSymbols are configured to be zero and the last symbol of the period is configured as flexible all the time, then this time resource can be treated as blank and FBE based frame structure can be achieved. Furthermore, through SFI, one or two blank symbol at the end of slot or FBE fixed frame period can be configured for other RAT perform LBT. Then FBE can be also be achieved.  Note that the time interval for LBT can also be placed in the beginning of COT.


Figure 2: FBE-based/NR frame structure
Observation 3:  Existing NR frame structure configuration can achieve FBE based frame structure. And the last symbol(s) of a slot can be blanked for other RAT perform LBT.
Flexible BWP transmission
In licensed band, NR support transmissions with wide bandwidth, such as 100 MHz or 200 MHz. As we know, BWP aspect was introduced in NR and resource allocation is based on BWP. And in the RAN1 #92bis meeting, it has been agreed that NR-U operating bandwidth is an integer multiple of 20MHz and LBT can be performed in units of 20 MHz. For DL, gNB can perform LBT on multiple of 20MHz in a carrier and determine the activated BWP index based on its LBT outcomes. For UL, it is also beneficial for NR-U to support UL transmissions with flexible BWP. For example, gNB can configure or allocate multiple candidate BWPs for UL transmission, and the UEs can decide their transmission BWP based on LBT outcomes.

Proposal 5: 
· for DL, the activated BWP index can be selected based on LBT results.
· For UL, multiple candidate BWPs can be configured or allocated and UEs can decide their transmission BWP based on LBT outcomes.
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In this contribution, we discuss the frame structure aspects for NR operation in unlicensed spectrum, and have the following proposals and observations:
Proposal 1: considering the influence on NR specification, 60KHz SCS should not be supported for NR-U in sub-7GHz.
Proposal 2: it is beneficial to use the same numerology for DL and UL.
Proposal 3: 
· NR-U should support both dynamic and semi-static DL/UL configurations.
· The number of DL-to-UL switch points within the MCOT could be limited and can be different from MCOT duration.
Proposal 4: Multiple slot durations within a MCOT can be considered to minimize overhead of reservation signal and improve spectrum efficiency.
Proposal 5: 
· for DL, the activated BWP index can be selected based on LBT results.
· For UL, multiple candidate BWPs can be configured or allocated and UEs can decide their transmission BWP based on LBT outcomes.

Observation 1:  There is no impact on MIB and SIB1 foreseen for NR-U. And the SCS configuration for each channel and signal can directly reuse the existing mechanics.  
Observation 2: Existing start positions and durations for NR can provide enough transmission flexibility for NR-U. 
Observation 3:  Existing NR frame structure configuration can achieve FBE based frame structure. And the last symbol(s) of a slot can be blanked for other RAT perform LBT.
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