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Introduction
In RAN1#92b meeting [1], the following agreements were reached:
Agreement:
· 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

Considering above agreement, this contribution addresses some potential enhancements related to NR configured grants.
Procedures for PUSCH
Configured grant for UL transmission has been discussed in NR. With type-1 configured grant, UL transmission is only based on RRC configuration without L1 signaling. With type-2 configured grant, UL transmission is based on RRC configuration and L1 signaling. With both types, a UE can be configured by UE-specific RRC signaling. The RRC configuration includes MCS table. Moreover, TB repetition for UL configured grant is adopted in NR. The higher layer configured parameters repK and repK-RV are used to define the K repetition transmissions and corresponding RV values.
For NR unlicensed transmission, UE may need to transmit without grant when the channel is free. It may be difficult for the gNB to predict the channel condition when UE is able to transmit. Thus it is reasonable for UE to determine some transmission parameters such as HARQ ID, RV and NDI. Moreover, the UL transmission from a UE may collide with other transmissions due the nature of unlicensed transmission. In order to protect the GF UL transmission, K repetition transmission should be considered on NRU.
Proposal 1: Configured grant for uplink defined in NR should be evaluated and considered for NR-U operation.
Consider an NR-U gNB accesses an unlicensed channel after successfully performing an LBT procedure and has established a COT and plans for one or multiple PUSCH resources throughout the COT. 
· The PUSCH may be used for grant-based (GB) access where the PUSCH is assigned to a UE. In this situation, to transmit its pending TB, the UE does not compete with other UEs (i.e. the gNG has activated or configured only one UE to access the resource). However, the UE has to perform an LBT procedure with appropriate category, e.g. CAT-2, CAT-3 or CAT-4. If the channel is not idle at the UE side and consequently the LBT is not completed unsuccessfully, the UE cannot transmit at the PUSCH resource that has been assigned to and the resource is going to be left unused. 
· The PUSCH may be used for grant-free (GF) access where the PUSCH is assigned to possibly multiple UEs (and depending on whether it is type-1 or type-2 uplink transmission without grant, the UEs are either informed via RRC configuration or via a preceding PDCCH). In this case the UE does compete with other UEs that are also activated to configured to access the same resource. Therefore, the UE need to perform LBT in order to coexist with: (1) competitors such as inter-RAT devices and intra-RAT devices that are not connected with the same gNB, and (2) internal competitors such as the UEs that are also allowed to use the GF resources. Therefore, while it is likelier that at least one UE performs LBT successfully and therefore gets the chance to transmit on the PUSCH resource assigned for a GF transmission, there is also a likelihood that more than one UE (after a successful LBT procedure) attempt to transmit on the GF resource and as consequence there would be collision of two or more UEs on the GF resource.

Therefore, we believe that a more efficient use of grant-free uplink transmission is when multiple UEs are configured to access one or several PUSCH resources. This is a direct implication of the requirement for performing LBT in unlicensed bands. The benefits of configuring multiple UEs for grant-free uplink transmission extends to both type-1 and type-2. Considering above discussion, we suggest to consider activation of multiple UEs for configured grant for both type-1 and type 2 for NR-U operation.

Proposal 2: Consider configuration or activation of multiple UEs for configured grant for both type-1 and type 2 for NR-U operation. 

In NR, if a configured grant transmission fails, the subsequent transmission is grant-base. This is by design since the main goal in designing NR configured grant was to reduce the delay associated with scheduling request, as well as reduction in control signaling. However, in NR-U operation the benefits of configured grants goes beyond its original goal and it could help to alleviate the LBT burden. 

While the fallback to grant-based transmission could also be considered in NR-U, since the grant-based transmission is also subject to LBT requirement, the scheduled grant-based resource may be left unused and gets wasted. Therefore, in case of a configured grant transmission failure, there is an advantage to avoid fallback to grant-based transmission and to continue with configured grant transmission. Procedures could be considered to avoid collision if the first configured grant transmission failure is due to collision. Hence in case of a configured grant transmission failure, we suggest to study whether the retransmission should fall back to grant-based transmission or to continue with configured grant transmission.

Proposal 3: In case of a configured grant transmission failure, we suggest to study whether the retransmission should fall back to grant-based transmission or to continue with configured grant transmission.
 
Another aspect of configured grant in NR is K-repetition feature, where a TB is transmitted in several consecutive GF PUSCH resources, with redundancy versions taken from a pre-configured redundancy version sequence. The K-repetition transmission helps to enhance reliability, and if the gNB decodes the TB in the middle of the K transmissions it can inform the UE to stop transmitting the remaining of the K-repetition sequence. While the K-repetition feature of the NR configured grant enhances reliability in larger cells and in licensed bands, its applicability to NR operation in unlicensed band should be further studied and its relevant attributes should be updated. This is due to the following differences in operation in licensed vs unlicensed bands. First, a UE needs to perform an LBT procedure for each of the K repetitions and care should be taken such that preferably all the K repetitions occurs within the same COT. Second, the channel condition may change from transmission of one transport block using K-repetition configured grant to the next transport block using configured grant with the same K-repetition attributes. 

We believe for a fair coexistence, appropriate LBT categories should be invoked during operation of configured grant. For type-1 GF uplink transmission, UE should to perform an associated LBT procedure before transmission in a PUSCH resource. For type-2 GF uplink transmission, the gNB need to first activate the GF transmission and to do so the gNB has to successfully perform an LBT procedure and then send the appropriate PDCCH to the UE, after which the UE is also subject to performing an appropriate LBT category before uplink transmission (note that the activation of a type-2 configured grant remains in effect until when the gNB disactivates it for the UE). While performing an LBT procedure is necessary, whether in the case of K-repetition configured grant the same LBT category should be involved for every of the K repetitions should be further evaluated.
[bookmark: _GoBack]
Considering above, we believe there are important differences in NR operation in licensed vs unlicensed bands that calls for a re-evaluation of K-repetition configured grant and its attributes. Therefore, we suggest to further study the K-repetition configured grant transmission and possibly update the relevant attributes for NR-U operation.

Proposal 4: We suggest to further study the K-repetition configured grant transmission and possibly update the relevant attributes for NR-U operation.
 
A method for contention resolution among multiple UEs attempting to access the same GF PUSCH resource may be based on a random backoff procedure. A UE attempting to minimize channel access would naturally better to access the immediately next GF PUSCH resource, however this would lead to collision if multiple UEs do so (after a successful completion of an LBT procedure). A random backoff procedure among the UEs would distribute access to the multiple upcoming GF PUSCH resources instead of the immediately next resource. While this may not minimize channel access for a given UE, it does so on an average sense for a set of UEs, if the number of UEs is large or if the unlicensed channel is frequently accessed due to inter- or intra-RAT activities. Each UE may be RRC-configured with the range of random backoff for a single or K-repetition configured grant. 
 
Another method for contention resolution among multiple UEs attempting to access the same GF PUSCH resource could be a contention resolution period at the beginning of a PUSCH resource. In such solution, a UE is expected to perform channel sensing at least across the bandwidth of the PUSCH resource and determine if another UE has already accessed the resource or not. By gaining such information, the UE then decides whether to access the resource or wait for another resource. 

Given above trade-off and possibilities, we believe that a mechanism should be considered for resolving the contention among multiple UEs attempting to access the same GF PUSCH resource.  

Proposal 5: A mechanism should be considered for resolving the contention among multiple UEs attempting to access the same PUSCH resource.
Summary
In this contribution, we discussed some details about the operation on configured grant transmission in NR-U. In the following, above-discussed proposals are listed:
Proposal 1: Configured grant for uplink defined in NR should be evaluated and considered for NR-U operation.
Proposal 2: Consider configuration or activation of multiple UEs for configured grant for both type-1 and type 2 for NR-U operation. 
Proposal 3: In case of a configured grant transmission failure, we suggest to study whether the retransmission should fall back to grant-based transmission or to continue with configured grant transmission.

Proposal 4: We suggest to further study the K-repetition configured grant transmission and possibly update the relevant attributes for NR-U operation.

Proposal 5: A mechanism should be considered for resolving the contention among multiple UEs attempting to access the same PUSCH resource.
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