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Introduction
In RAN#77 a new SI [1] for NR based access to unlicensed spectrum was approved which was then revised in RAN#80 [2]. The objectives of the SI include the following:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands below 7GHz
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· 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 in e.g., 5GHz, 6GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
In RAN1#92bis and RAN1#93 the following were agreed in regard to the frame structure and SCS.
· 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
· 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.
· 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
· 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 this contribution we provide some high-level views on the frame structure, SCS, and physical layer procedures for NR unlicensed. We consider both LBE and FBE devices.
NR-U numerology
In Figure 1 we show the LBT and slot/mini-slot boundary misalignment overhead as function of the MCOT duration. We can see that for full-slot scheduling SCS of 30KHz has an overhead between 5 to 27% for MCOT durations between 1 to 5ms. The overhead reduces nearly by a factor of 2 with use of SCS of 60KHz. Thus, for full-slot based scheduling, 60Khz SCS does offer significant savings. We should also add that in some cases, when scheduling UEs in UL that see hidden node interference, gNB may have to obtain the medium and send UL grants along with the mis-alignment overhead. UE may not be able to respond as it may be seeing the hidden node interference. In such cases the gNB may keep sending such grants repeatedly causing significant interference in the network. Finer slot granularity helps mitigate such issues as well. 

Similar mis-alignment overhead as slot based scheduling with 60KHz SCS can be obtained by using 30KHz SCS and mini-slot comprising 7 symbols. However, supporting SCS of 60KHz provides some important additional advantages over SCS of 30KHz with mini-slots which are listed below:
· A larger BW can be addressed in a single carrier with SCS of 60KHz vs that with 30KHz 
· Since granularity of allocation is one symbol, SCS of 60KHz provides finer time domain allocation granularity. 
· One benefit of this is that the granularity of the LBT gaps that are created, for example for switching between DL and UL or for switching between one UE to another UE within UL slots, is finer (in units of ~16us vs in units of ~33us). This not only reduces the overhead but also reduces the likelihood of losing the medium within the gNB TxOP.
· Another benefit is the overhead for control channels would be smaller. For example, we may need only one symbol for control signal transmissions (such as ACK/SRS/RACH/UL grant etc) every few ms with both SCS of 30KHz and 60Khz. This would thus be higher overhead for 30KHz SCS over 60Khz SCS.
· For self-contained-slots, we would like to have ACK transmitted on the same slot as the data. This would require creating gaps to switch between DL and UL. When the gap is < 16us no LBT is needed. With SCS of 60Khz the symbol duration without considering CP is around 16.66us whereas for 30Khz SCS the symbol duration is around 33.33us. 60KHz SCS thus would better enable avoiding LBT for self-contained slots. 
[image: ]
[bookmark: _Ref513577777]Figure 1: Amount of unused MCOT due to slot and LBT misalignment
Given the above-mentioned advantages provided by SCS of 60KHz and the lower misalignment overhead we propose that SCS of 60Khz also be supported for NR-U.
[bookmark: p1]Proposal 1: NR-U supports SCS of 15, 30, and 60Khz in sub-7GHz

LBE vs FBE
In [3], two adaptive channel access mechanisms are defined: Load Based Equipment (LBE) and Frame Based Equipment (FBE). Though the regulations are defined for 5GHz band, the basic principle can be generalized to other bands as well. 
LBE is an equipment where a Listen Before Talk (LBT) based Channel Access Mechanism to detect the presence of other RLAN transmissions on an Operating Channel is implemented. A device that initiates a sequence of one or more transmissions is denoted as the Initiating Device. Otherwise, the device is denoted as a Responding Device. Load Based Equipment may be an Initiating Device, a Responding Device, or both. Each transmission belongs to a single Channel Occupancy Time (COT). A Channel Occupancy Time (COT) consists of one or more transmissions of an Initiating Device and zero or more transmissions of one or more Responding Devices. The Initiating Device shall implement a Channel Access Mechanism with prioritized, truncated exponential back off mechanism. The channel access parameters, including contention window size, and maximum COT, depend on the priority class. The Responding Device can receive a grant from the Initiating Device to transmit on the current Operating Channel. The Responding Device may proceed with such transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated within16μs of the last transmission by the Initiating Device that issued the grant.  The Responding Device that does not proceed with such transmissions within 16μs after the last transmission from the Initiating Device that issued the grant, shall perform a Clear Channel Assessment (CCA) on the Operating Channel during a single observation slot within a 25μs period ending immediately before the granted transmission time. If energy was detected with a level above the Energy Detection (ED) Threshold, the Responding Device shall not transmit. Otherwise, the Responding Device shall follow the grant.
FBE is an equipment where the transmit/receive structure has a periodic timing with periodicity of Fixed Frame Period. The Fixed Frame Period is between 1ms to 10ms. The Fixed Frame Periods supported by the equipment shall be declared by the manufacturer. An equipment may change its Fixed Frame Period but it shall not do so more than once every 200ms. Frame Based Equipment shall implement a Listen Before Talk (LBT) based Channel Access Mechanism, where a single Observation Slot shall have a duration of not less than 9μs. The total time during which Frame Based Equipment can have transmissions on a given channel without re-evaluating the availability of that channel, is defined as the Channel Occupancy Time (COT). The COT shall not be greater than 95% of the Fixed Frame Period and shall be followed by an Idle Period until the start of the next Fixed Frame Period such that the Idle Period is at least 5% of the Channel Occupancy Time, with a minimum of 100μs. Frame Based Equipment may be an Initiating Device, a Responding Device, or both, where a device that initiates a sequence of one or more transmissions is denoted as the Initiating Device. Otherwise, the device is denoted as a Responding Device. 
The LBE mechanism has been extensively studied in LTE-LAA (including eLAA and feLAA) feature. Since the main target band of LTE-LAA is 5GHz and fair coexistence with Wi-Fi 11ac (which is an LBE system) is required, LBE is a natural choice for LTE-LAA as well. For NR-U, the same use cases as LTE-LAA are applicable as well. So LBE channel access mechanism should also be considered for NR-U. On the other hand, for 5G systems, other use cases, such as industrial automation, can also be supported. In these new use cases, the operator (possibly the factory) may have the capability to control the deployment environment such that there are no Wi-Fi based interferers near-by. In these cases, FBE channel access mechanism can be further considered as well to take advantage of the simplicity and higher efficiency of the FBE system. Therefore, we propose to study and support both LBE and FBE channel access mechanisms for NR-U.
[bookmark: p2]Proposal 2: Study both LBE and FBE based channel access mechanisms for NR-U
On top of LBE and FBE operation modes already defined for 5GHz band, for a green-field band, it is possible to introduce other modes of spectrum sharing to achieve higher sharing efficiency. One area worth further consideration is synchronized sharing, where the nodes will follow a common time grid for contention and data transmission. By introduce this time synchronization, it is possible to greatly reduce the hidden node problem and deafness problem (a node is not monitoring the channel for channel reservation signals when transmitting itself).
[bookmark: p3]Proposal 3: Consider synchronized sharing schemes for green field unlicensed/shared band
TxOP Structure for LBE
As described in the previous section, typical channel access procedure in unlicensed spectrum starts with an LBT procedure where the node determines if the channel is busy or idle. If the channel is found to be idle, a contention step follows which typically involves the node monitoring the channel for a period of time based on a random back-off within a contention window, and if the medium is idle the node is allowed to use the medium. Once it gets access to the medium, the node is allowed to transmit for a maximum period of time based on the traffic type (QCI) called maximum channel occupancy time (MCOT). The MCOT is part of the regulatory rules. The node may however choose to reserve/use a portion smaller than the MCOT for its communications. This period of time where the node gains right to access the medium is referred to as the TxOP (transmission opportunity).
[bookmark: _Hlk521333220]In RAN1#93 the following was agreed with respect to the TxOP structure
· 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.
LTE-LAA allowed only one switching point in the TxOP. Having multiple switching points in the TxOP together with the faster processing capabilities that NR offers enables the systems to benefit from a host of techniques. For example, it allows introducing channel usage indicator signals which can help alleviate some of the problems associated with hidden nodes. It allows fast CSI exchange between gNB and UE before the data transmission allowing better rate control. It also allows gNB to change UL MCS etc between different UL PUSCH based on past received PUSCH. Some of these benefits are discussed in the following subsections.
4.1	Channel Usage Indication
Consider a “hidden-node” scenario shown in Figure 2. UE1 sees strong signal from its gNB1 and from a neighbouring user (UE2) but gNB1 can’t hear UE2 and vice versa. Furthermore, in this scenario, gNB1 wishes to send data to UE1 while UE2 wishes to transmit data to gNB2. Since gNB1 doesn’t detect UE2’s transmission, its LBT procedure may succeed. However, the data transmission to UE1 would fail leading to wasted resources and increased interference in the network. Similarly, since UE2 may not detect gNB1’s transmissions, it may start transmission even though UE1 may have already started receiving data causing UE1 reception to fail. 



[bookmark: _Ref513643329]Figure 2: Hidden Node Scenario
The interference issues in such scenarios can be mitigated by using channel usage indicator signals such as using the protocol described below (see Figure 3):
1. Each node wishing to transmit (e.g. gNB1) transmits channel usage indicator for transmission (CUI-T) prior to its data transmission
2. The intended receiver (e.g. UE1) transmits a channel usage indicator for reception (CUI-R) prior to scheduled data reception.
3. Any node (e.g. gNB2/UE2) apart from the intended transmitter node (gNB1) that receives the CUI-R may withhold transmission for the duration indicated by the CUI-R if its transmission will lead to unacceptable interference level at the CUI-R transmitter (UE1) 


[bookmark: _Ref521331273]Figure 3: Mitigating Hidden Node Issue with Channel Usage Indication Signals
Further details and performance results describing the benefits of such signalling is discussed in our companion contribution [4]. The multiple switching points enable extracting the benefits of such protocols. 
[bookmark: p4]Observation 4: Multiple switching points in a TxOP enables introduction of receiver based channel reservation schemes
4.2	Fast link adaptation
[bookmark: _Hlk506206519]Another application of the multiple switching points is for enabling fast link adaptation. This is particularly important for unlicensed use case, where a UE does not have channel measurement opportunities between TxOPs. The channel measurement opportunities are sparse due to LBT requirement and the design guideline to not utilize the medium when there is no active traffic. For DL link adaptation, the TxOP may include a CSI-RS transmission followed by CSI report by the UE. It may also include a trigger for SRS transmission in DL followed by an SRS transmission by the UE in UL (for example to determine reciprocity based precoding). For link adaptation in UL, the SRS trigger from gNB followed by SRS transmission by the UE can be used prior to UL grants. Figure 4 shows how the multiple switching points can be used to enable fast link adaptation. Note that if timelines don’t permit exchange of this signals back to back, we could have data transmissions in-between these signals as well.


[bookmark: _Ref521332660]Figure 4: Examples of fast link adaptation enabled by multiple switching point support
In Figure 5 and Figure 6 we show the DL and UL user perceived throughput (UPT) performance for
· Fast CSI feedback under TxOP structure with multiple switching points
· Normal CSI feedback under TxOP structure with single switching point, where CSI is computed at end of previous TxOP.
These results are for the indoor simulation scenario agreed in RAN1#93 [5]. Some additional simulation assumptions are provided in Table 1. As is evident from the plots, support of multiple switching points helps obtain faster and more accurate selection of rank, precoder, and MCS that is matched to the current channel and interference conditions leading to much more efficient operation during the data transmission. 
[image: ]
[bookmark: _Ref521600307]Figure 5: Indoor Scenario DL UPT
[image: ]
[bookmark: _Ref521600309]Figure 6: Indoor Scenario UL UPT

[bookmark: _Ref521594428]Table 1: Simulation Assumptions for CSI with multiple switching points
	Parameter
	Value

	DL and UL Traffic ratio
	50%, 50%

	Channel bandwidth
	80MHz

	Antenna configuration
	4x4

	Traffic pattern burst size
	2MB

	ED Threshold 
	-72dBm



We also note that the CQI reports from multiple UEs can also help gNB determine UEs that may not be seeing interference and thus it can select users to schedule in rest of the TxOP to achieve better system efficiency. Similar benefits also apply for UL scheduling. For example, if multiple UEs are scheduled in UL but one of them doesn’t transmit in UL as it did not pass LBT, gNB can allocate those resources to other UEs in subsequent grants in the same TxOP. Thus, support for multiple switching points in a TxOP also enables better user selection for scheduling. Note that the simulation results above do not consider performance improvements from this aspect.
[bookmark: p5]Observation 5: Multiple switching points in a TxOP enables faster link adaptation and better user selection leading to significantly improved system efficiency

Based on the observations above we should strive to support the NR HARQ timelines and fast CSI feedback in NR-U despite it requiring multiple switches between DL and UL. Depending on the time between the DL and UL switches, the feedback and following DL transmissions may not need any LBT gaps. Similar considerations apply for UL HARQ operation. Allowing grants between UL slots in TxOP provides gNB more scheduling flexibility such as for adapting the rate to changing interference conditions. We hence make the following proposal:

[bookmark: p6]Proposal 6: Switches between DL and UL for exchange of control information during data transmission should be supported. The switching should not require any LBT when the gap is within the regulatory requirements. This includes
· UCI transmission such as for HARQ ACK between DL slots carrying PDCCH/PDSCH
· DCI transmission such as for UL grants between UL slots carrying PUCCH/PUSCH


4.3 TxOP Starting/Ending Positions
Since the LBT measurement slots may not be aligned with the NR slot boundaries, on many occasions the LBT process may succeed between NR slot boundaries. If the TxOP starting positions are limited to slot boundaries this could result in significant wastage of the TxOP resources as shown in Figure 7 below. 


[bookmark: _Ref513643387]Figure 7: Resource wastage if only full slot transmissions are allowed
Similar issues were identified in LTE during design of LAA and eLAA. To reduce the TxOP resource wastage the first allocation in the TxOP was allowed to be half-subframe long i.e. first slot was allowed to start at symbol 7 as well instead of symbol 0 always. Similarly, the last slot was allowed to take multiple sizes as the end of the TxOP as MCOT after LBT pass may not align with a slot boundary. NR unlicensed should continue to support such a design with multiple starting locations for the first slot and multiple ending locations for the last slot to allow reducing such LBT, MCOT, and NR slot alignment overhead. 
NR inherently already supports variable time domain allocation sizes (e.g. mini slots, variable SCS, time domain symbol allocation support etc.) hence it should be able to better utilize the TxOP. For the last slot in the TxOP particularly, the existing NR design itself should likely be sufficient. There has already been an agreement in RAN1#92bis to support both slot and mini-slot based scheduling. However, support of smaller slots and/or using larger SCS comes with some power penalty as well which needs to be considered. 
Allowing multiple starting positions in the first slot requires the UE to monitor PDCCH more often as shown in Figure 8 which comes with a power penalty. Some mechanisms can be studied that allow multiple starting locations for the slot but reduce the power impact of UE monitoring the PDCCH more often.  For example, UE may be asked to monitor PDCCH for every mini slot prior to start of TxOP but only at slot boundary after the start of TxOP. Alternately, a wake-up signal that can be detected with very low power can be transmitted at the beginning of the TxOP so UE only monitors the wake-up signal outside the TxOP.


[bookmark: _Ref513643424]Figure 8: PDCCH monitoring with multiple starting positions for TxOP
[bookmark: p7]Proposal 7: Consider techniques such as use of wake-up signal to reduce power consumption impact of allowing multiple start locations for a TxOP
Another challenge with the multiple starting location is that the gNB or UE (in case of UL allocation with multiple starting position options) doesn’t know beforehand if it has a full slot available or a partial slot / mini-slot as that depends on when the LBT passes. One option is for gNB/UE to pre-prepare multiple packets corresponding to the different possibilities of LBT passing. However, this involves high complexity at UE/gNB. An alternate option is to allow the UE/gNB to prepare packets for a larger number of symbols (e.g. the full slot) and puncture some symbols to fit into the available portion of the slot. With CBG based HARQ operation the impact of the puncturing can be contained. 
[bookmark: p8]Proposal 8: For the first data transmission after an LBT opportunity, NR-U supports rate matching of PDSCH/PUSCH for a larger number of symbols than those used for data transmission in combination with symbol level puncturing

TxOP Structure for FBE
Based on the regulations in [3], the fixed frame period of an FBE is as shown in Figure 9. An initiating device (gNB) will occupy the channel at the beginning of the fixed frame period after an one-shot LBT, but within the CoT, multiple transmissions can happen provided they pass an one-shot LBT. 


[bookmark: _Ref510436103]Figure 9. Fixed Frame Period Structure for FBE by Regulation
Because of the aligned timeline, FBE channel access mechanism is friendly for coordinated deployment where all nodes are synchronized with the same fixed frame period boundary, so all nodes (gNBs) contend for the medium at around the same time. When there are neighboring Wi-Fi nodes or other LBE nodes, this approach may penalize the FBE nodes as the FBE nodes will sense the channel at a fixed location, and if that fixed location is blocked, the FBE nodes cannot access the medium. This was one of the main reasons why FBE channel access mechanism was not considered for LTE-LAA feature. However, for a fully coordinated deployment (such as industrial automation), where there is one operator or a few coordinated operators, and the operators ensure there are no LBE nodes around, the FBE channel access mechanism has the benefits of more efficient channel access, potential synchronized channel access to support more efficient receiver design, etc.
In most Industrial IoT applications, the factory owner is the single operator in the system. The factor can enforce rules to avoid any other deployment on the same frequency on the factory floor. Therefore single operator FBE operation is of particular importance to be investigated.
As overviewed in Section 2, the regulation requirement for FBE device is relatively simple. The gNB only need to perform single LBT at a fixed time to claim the fixed length COT. After the gNB claims the COT, the operation will be very close to licensed NR operation, other than one shot LBT is needed again if the gap between the transmission is above 16 us. Therefore, we expect single operator FBE NR-U can be supported with Rel.15 NR design and additionally with one shot LBT defined for NR-U. 
[bookmark: p9]Observation 9. Single operator FBE based system can be supported with Rel.15 NR design with one shot LBT mechanism developed for NR-U
For an NR system to follow FBE regulation, the gNB needs to align the FBE fixed frame period staring location with the slot boundary of every N slots, where N slots matches the fixed frame period in length. Then before the starting location of the fixed frame period, the gNB will perform an one shot LBT to determine the availability of the COT. At the end of the fixed frame period, the gNB is responsible to leave an idle period of length no shorter than 100 us or 5% of the fixed frame period. This can be simply enforced by gNB scheduler.
For the one shot LBT at the beginning of the fixed frame period, since there is only one operator in the neighbourhood, the operator can configure all gNBs to align their fixed frame periods, so all the gNBs will perform the one shot LBT at the same time. Unless there is unexpected interferer, all gNBs will pass the one shot LBT, as no nodes from the operator are transmitting by scheduler coordination. As a result, a reuse factor of 1 can be achieved.
Within each COT, the regulation allows multiple transmissions in different directions, subject to a one-shot LBT. There is no requirement of gap between transmission bursts. The transmission does not need to fill the entire allowed COT as well. UEs served on the gNB that wins the contention can transmit within the COT, where the winning gNB is the initiating device and the served UEs are responding devices in FBE. 


Figure 10. Multiple transmission bursts within COT
Within a COT, when a gap between transmissions is longer than 16us, the regulation requires a one shot LBT for the transmission. If there is only one gNB, there is no problem as the LBT will pass when there are no unexpected interferers. However, for a multiple gNB system, a transmission may be blocked due to one shot LBT failure from interference from neighbour cell. To maintain reuse 1 operation, it is preferred to synchronize the LBT gaps across gNBs in the same operator as well.
[bookmark: p10]Proposal 10. To achieve reuse 1 operation for single operator FBE system, synchronization across gNBs is needed, with synchronized fixed frame period starting time, and synchronized LBT gap within a COT.
[Add a list of things we expect to change to achieve this, such as detection of gNB occupys the COT for UL transmission, point out its similarity to TxOP start detection already discussed].


Figure 11. Contention Slots for FBE
Though most industrial IoT use cases are single operator, there can be use cases where multiple operators are deployed. To support FBE with multiple operators, fixed frame period level synchronization is needed across operators and contention slots can be introduced before COT. Each operator/gNB will contend at a pre-assigned contention slot and monitor earlier contention slots. If no signal or energy detected in earlier contention slots, the node can step in to transmit in its own contention slots and block other nodes from starting transmission. The contention slots allocation can be randomized to provide fairness and/or coordinated across operators. 
[bookmark: p11]Proposal 11: To support multiple operator FBE system, synchronization across gNBs of different operators is needed.
[bookmark: p12]Proposal 12: Contention slots are introduced for FBE channel access mechanism with cross operator contention coordination specified.
Wideband operation

In NR-U, the LBT may be performed in each subband with channel bandwidth of 20Mhz to have better coexistence with other nodes which may operation only at 20Mhz. Based on the LBT outcome, gNB may transmit on one channel or multiple channels. While CA is an effective approach to deal with mulit-channel transmission with multi-channel LBT, the wideband transmission with multi-channel LBT has been shown to reduce the system overhead and yield better system performance [2]. 
BWP concept has been introduced in NR wideband operation where UE can be configured with multiple BWPs:
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell
· A BWP consists of a group of contiguous PRBs
The NR BWP concept is motivated by at least three main scenarios:  Reduced UE BW capability, Load balancing within CC and UE power saving.
A few options have been proposed to extend BWP to the multi-channel transmission in NR-U:
· Option 1: each subband is a BWP and it is proposed to have multiple active BWPs simultaneously 
· Option 2: A BWP may consist of multiple non-contiguous active subbands
· Option 3: A wideband BWP consists of multiple subbands where gNB may be able to transmit on a subset of the subbands
According to RAN4, the BWP switching delay can be in a range of [400us, 600us, 950us, 2000us] depending on the switching scenario (whether there is center frequency change and/or numerology change) and UE capability (type 1 or type 2).  As we can see, even the fast BWP switching involves 400us delay. On the other hand, a wideband UE may need to monitor the entire wideband anyway to detect whether on which channel(s) gNB is active. Therefore, we have slightly preference on Option 3 without incurring BWP switching overhead. Note Option 3 does not preclude efficient DL signalling within the active subbands.

[bookmark: p13]Proposal 13: NR-U supports configuration of wide BWP consists of multiple subbands where gNB may transmit on a subset of the subbands.
Summary
The proposals and observations made in this contribution are summarized below.
Proposal 1: NR-U supports SCS of 15, 30, and 60Khz in sub-7GHz
Proposal 2: Study both LBE and FBE based channel access mechanisms for NR-U
Proposal 3: Consider synchronized sharing schemes for green field unlicensed/shared band
Observation 4: Multiple switching points in a TxOP enables introduction of receiver based channel reservation schemes
Observation 5: Multiple switching points in a TxOP enables faster link adaptation and better user selection leading to significantly improved system efficiency
Proposal 6: Switches between DL and UL for exchange of control information during data transmission should be supported. The switching should not require any LBT when the gap is within the regulatory requirements. This includes
· UCI transmission such as for HARQ ACK between DL slots carrying PDCCH/PDSCH
· DCI transmission such as for UL grants between UL slots carrying PUCCH/PUSCH
Proposal 7: Consider techniques such as use of wake-up signal to reduce power consumption impact of allowing multiple start locations for a TxOP
Proposal 8: For the first data transmission after an LBT opportunity, NR-U supports rate matching of PDSCH/PUSCH for a larger number of symbols than those used for data transmission in combination with symbol level puncturing
Observation 9. Single operator FBE based system can be supported with Rel.15 NR design with one shot LBT mechanism developed for NR-U
Proposal 10. To achieve reuse 1 operation for single operator FBE system, synchronization across gNBs is needed, with synchronized fixed frame period starting time, and synchronized LBT gap within a COT.
Proposal 11: To support multiple operator FBE system, synchronization across gNBs of different operators is needed.
Proposal 12: Contention slots are introduced for FBE channel access mechanism with cross operator contention coordination specified.
Proposal 13: NR-U supports configuration of wide BWP consists of multiple subbands where gNB may transmit on a subset of the subbands.
[bookmark: _GoBack]
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