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In RAN1 meeting #93, the following agreements were reached [1]:
Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.
Agreement: 
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz

In RAN1 meeting #92bis, the following agreements were reached [2]:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

In this contribution, we discuss the existing LBT for uplink and consider how to enable efficient UL user multiplexing in unlicensed bands. 
[bookmark: _Ref129681832]Efficient UL Operation in Unlicensed Bands
Limitations of UL LBT
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK27]5G new radio (NR) has standardized slot based and non-slot-based scheduling in Rel-15. In slot-based scheduling, the control (PDCCH) comes in the beginning of the slot and schedules the resources for the UE, though the first symbol for the scheduling may be indicated in the control. For non-slot-based operation (or mini-slot-based operation), the control resources can be scheduled with additional flexibility even during the slot, and also with different periodicities. Then these control resources may potentially allocate sub-slot resources with a flexible start symbol. Rel-15 has standardized the smaller transmission durations, the lengths of 2, 4 and 7 OFDM symbols, and potentially new values may be added to the set of lengths in Rel-16 which can be scheduled for mini-slot operation. These flexible scheduling configurations, in terms of start symbol and scheduling duration, allow efficient utilization of transmission resources both in the UL and the DL directions.
Rel-14 eLAA has standardized LBT operation in the UL. There is type 1 LBT with exponential back-off and there is type 2 LBT which is single shot LBT. For the transmission of a Physical Uplink Shared Channel (PUSCH), an eNB indicates to a UE the type of channel access procedure through an uplink grant scheduling the PUSCH transmission. In general, type 1 uplink channel access procedure is utilized to initialize an MCOT containing PUSCH transmission, while type 2 uplink channel access procedure is utilized within the MCOT for resuming a suspended transmission or for changing the transmission direction from downlink to uplink. 
Type 1 and type 2 LBT mechanisms suffice for slot-based operation of LTE where one or multiple UEs will start at a single instant. Unfortunately, these mechanisms do not allow efficient user multiplexing if these users start their transmissions at different symbol positions. 
Figure 1: Normal Operation shows one example scenarios where the gNB schedules a UE, UE1, at OFDM symbol zero (S0) for the slot duration to occupy interlace I0, and UE2 is scheduled to start on a different interlace I2 starting at S6. As UE2 starts its transmission in the middle of the ongoing transmission of UE1, in principle no conventional LBT will help UE2 to establish the channel occupancy. The reason stems from the interlace design of UL transmissions which use interleaved RBs. Thus, no matter long or short LBT is configured for UE2, it is supposed to detect the energy of UE1. 
This gives rise to an issue in identifying the right to transmit for UE2. We explain the problematic situation with reference to Figure 2: Problem Scenario below. The gNB scheduling of UE1 and UE2 has been assumed to be the same as in the previous figure. The additional thing here is that the network has lost the channel occupancy and a neighboring WIFI device is actively using the channel. The loss of channel occupancy can result from different reasons. Some of these reasons could be one of the followings:
· If channel was initially occupied by the gNB, during the switching time from DL to UL, WIFI device got hold of channel before UE1.
· If UE1 was scheduled with type 1 LBT to get the channel but WIFI device got the channel before UE1.
· UE1 might have missed its UL grant, hence didn’t transmit anything and WIFI occupied the channel medium.
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[bookmark: _Ref517427737]Figure 1: Normal Operation
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[bookmark: _Ref517428123]Figure 2: Problem Scenario
From the perspective of UE2, the previous two figures show similar situation. It has been scheduled to transmit on certain resources at a certain point in time. If it does classic energy detection LBT, it will detect energy on the channel but it cannot establish if the ongoing transmission is a result of its gNB allocation to other users (e.g. UE1) or a different device has got hold of the channel. This leads to the following observation.
Observation 1: Under certain situations, multiplexing of users in the uplink direction may lead to violation of unlicensed regulations. 

This confusion highlighted above also appears in slot-based scheduling. If UE1 is scheduled for two slots, slot 0 and slot 1 and UE2 is scheduled to start at slot 1, UE2 will be starting in the middle of the ongoing transmission from UE1. Thus, as per the previous discussion, no LBT will help this user but it needs some mechanism to establish if it has the right to use the medium. 

Facilitating User Multiplexing in the Uplink
We discussed in the last section that when the network needs to multiplex users for UL transmission where the transmission start for some users happen to be located in the middle of the ongoing transmissions of other users, the current mechanisms of LBT cannot be applied. 
This problem could be important to investigate to have efficient multiplexing of users in the uplink direction, which would result in increased spectrum efficiency over the unlicensed spectrum.
One possibility to enable such multiplexing can be to always schedule a gap in the ongoing transmission of the first user and then this user and the new users start their transmission after a short gap, possibly with a single shot transmission. This technique though would reduce the spectrum efficiency due to the creation of artificial gaps in the users’ transmissions. Another disadvantage is the increased control overhead to schedule such gaps to align the transmissions of multiple users so as to circumvent the previously described issue.
[bookmark: _GoBack]Another possibility can be foreseen where the network indicates to newly scheduled user about the resource scheduling of ongoing transmissions over the unlicensed carrier.

Proposal 1: It is proposed to investigate how multiple users can be multiplexed in the uplink direction at different time instants.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This paper has discussed the issue of efficient user multiplexing in the uplink direction for NR-U. The following observation and proposal have been made in this paper.

Observation 1: Under certain situations, multiplexing of users in the uplink direction may lead to violation of unlicensed regulations. 

Proposal: It is proposed to investigate how multiple users can be multiplexed in the uplink direction at different time instants.
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