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Introduction
In RAN1#93 meeting [1], the following agreements were reached:
Agreement:
· The following modifications to the configured grant procedures are beneficial
· Removing dependencies of HARQ process information to the timing
· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID
· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission
· Increased flexibility on time domain resource allocation for the configured grant transmissions
· Supporting retransmissions without explicit UL grant

Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 
· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U

Considering above agreement, this contribution addresses some potential enhancements related to configured grants (CG) operation in NR-U.
UCI for Configured Grant
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. Moreover, NR configured grant has a K-repetition feature where a TB may be repeated up to K times on consecutive configured resources. Parameters repK and repK-RV, configured by the higher layer, are used to define the K repetition transmissions and corresponding RV values.
For NR unlicensed operation, when UE transmits a TB without grant, it is most efficient if some of the transmission attributes are carried in a UCI along the TB. Such attributes include HARQ process ID, RV and NDI. In FeLAA AUL, a similar approach has been taken to carry the transmission attributes in AUL-UCI. 
AUL operation defined in LTE LAA is UE specifically RRC configured. The time domain resources for AUL operation are RRC configured. Activation and deactivation of AUL operation is supported using a DCI with its CRC scrambled with a specific RNTI. Frequency domain resources and MCS for AUL transmissions are indicated to the UE by the eNB via the Activation DCI. Asynchronous AUL HARQ feedback and retransmissions are supported for AUL transmissions in LTE LAA. This means the timing relationship between AUL transmission and corresponding UL HARQ feedback is not fixed. Moreover, the timing relationship between UL HARQ feedback and corresponding retransmission is not fixed. A similar scheme should be considered in NR-U operation.  
AUL-UCI transmission is supported in LTE LAA where UCI is transmitted together with data on the PUSCH. The amount of physical resources for UCI transmission in a subframe is calculated based on the LTE subcarrier spacing, which may not be reused for NR numerology. The UCI carries necessary information to help the eNB to decode the following PUSCH. The AUL-UCI carries HARQ ID, NDI, RV, UE ID, PUSCH starting point, PUSCH ending point, COT sharing indication and CRC. In NR, even though UCI-on-PUSCH for configured grant is supported, UCI is mainly used to carry HARQ ACKs, CSIs and SR information. 
Some of the information carried by LTE LAA AUL-UCI are important to decode the uplink data transmissions on unlicensed band, and one example is UE ID. In a dense deployment, it may be possible that more than one UEs may be configured for the same configured grant resources. This may happen often when a gNB overloads the configured grant resources in anticipation that a subset of the UEs would fail LBT. Similar to LTE LAA, the UE ID may be implicitly or explicitly carried in UCI, so that the gNB can decode properly. We believe that NR-U should consider consdier the UCI transmission for configured grant, to carry the relevant attributes such as UE ID and HARQ-related information.
Proposal 1: NR-U should adopt UCI transmission for configured grant, which at least carries the relevant attributes such as UE ID and HARQ-related information. 
The UCI transmissions should be more reliable than data transmissions since UCI carries critical information to decode the subsequent TB. In both FeLAA and NR, UCI transmission in PUSCH is supported. However, the method defined in LTE LAA may not be applicable to NR directly due to numerology changes. The method defined in NR is based on beta offset values, which offer different transmission rates and size of physical resource elements to transmit UCI. However, UCI defined in NR is mainly used to carry HARQ ACK feedbacks and CSI reports etc. The mechanism should be modified and extended to support AUL-UCI information transmissions.
On unlicensed bands, a transmission may fail due to low SNR or collision with other transmissions. Therefore, to better protect the UCI transmissions, increasing the coding rate of UCI is a method to protect the transmission from low SNR. The chance for collision is not small especially in densely deployed environments. Meanwhile, the UCI transmissions should have less chance to collide with transmissions from other UEs or devices. Mechanisms to provide low collision transmission for UCI should be investigated.
Proposal 2: NR-U should investigate ways to transmit UCI for configured grant with high reliability and low collision probability.
DFI for Configured Grant
In FeLAA, AUL downlink feedback information (AUL-DFI) is specified to carry at least AUL HARQ feedback. HARQ feedback could include pending feedback for several uplink transmissions from the same UE, which enables aggregated HARQ ACK feedback for more than one TB to a UE. 
In NR, a gNB may use toggled NDI in DCI to implicitly signal the successful reception of previously transmitted TB or TBs, while the same NDI is used to request a retransmission in NR. During RAN1#93 meeting, it was agreed that it would be beneficial to introduce DFI for configured grant operation in NR-U. 
In unlicensed band operation, once a UE acquires the channel through LBT, aggregated transmissions from the UE is more efficient. In RAN1#93 meeting, scheduling multiple TTIs for PUSCH using either a single UL grant or multiple UL grants was agreed. In this case, PUSCH transmission may have one TB or multiple TBs. To make HARQ retransmission more efficient, it is better to provide HARQ ACK feedback with finer resolution so that the gNB only retransmits the corrupted pieces. However, finer HARQ ACK feedback introduces more feedback signaling overhead. A mechanism to provide HARQ ACK feedback with desired level of resolution for UL PUSCH(s) is needed for more efficient and lower latency acknowledgement. CBG level HARQ ACK feedback introduced in NR is a good solution to balance the feedback overhead and retransmission efficiency.
Proposal 3: NR-U to study whether CBG level HARQ ACK should be supported. 
In the case of UE-shared COT, for downlink transmission, the gNB needs to perform an LBT procedure. LBT failure may introduce delayed HARQ-ACK feedback from the gNB to the UE. A mechanism to provide aggregated HARQ ACK feedback in response to one or more UL PUSCHs is desired for more efficient and lower latency acknowledgement.    
Proposal 4: NR-U to study whether DFI may include pending feedback for prior configured grant transmissions from the same UE. 
Multiple CG Configurations 
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. 
· In grant-based (GB) transmission, the PUSCH resources are uniquely assigned to UEs. To transmit its pending TB, a UE does not compete with other UEs. However, the UE has to perform an LBT procedure with the appropriate category, e.g. CAT-3 or -4. If the channel is not idle at the UE side and consequently the LBT is not completed successfully, the UE cannot transmit at the scheduled PUSCH and the resources are left unused. 
· In configured grant (or grant-free) transmission, the PUSCH resources are assigned to possibly multiple UEs. In this case, the UE competes with other UEs that are also activated to access the same resource. Therefore, the UE needs to perform LBT in order to coexist with: (1) inter- and intra-RAT devices, and (2) the UEs that are also allowed to use the configured grant resources. 
Therefore, we believe that a more efficient use of configured grant uplink transmission is when multiple UEs are configured to access several PUSCH resources. This is a direct implication of the randomness that LBT brings. Considering above discussion, we suggest to consider multiple configurations per UEs for configured grant for both type-1 and type 2 for NR-U operation.
Proposal 5: NR-U to consider multiple configured grant configurations for each UE to increase the time domain resource allocation flexibility and increase the utilization of the resources. 
In situations where multiple UEs are configured to use one or multiple sets of configured grant resources, 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. However, there is also a likelihood that more than one UE (after a successful LBT procedure) attempts to transmit on the configured grant resource and as consequence there would be collision of two or more UEs on the resource. This highlights the need for methods to enhance the reliability of configured grant transmission by means of contention resolution.
A method for contention resolution among multiple UEs attempting to access the same configured grant resource may be based on a random backoff procedure. A UE attempting to minimize channel access would naturally attempt to immediately access the next resource. However, this would lead to collision if multiple UEs do so (considering a successful LBT completion). A random backoff procedure among the UEs would distribute access to the multiple upcoming GF PUSCH resources instead of the immediate 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. 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 the above trade-offs 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 6: NR-U to consider a mechanism for resolving the contention among multiple UEs attempting to access the same configured grant resource.
Retransmission in Configured Grant
In NR Release-15, if a configured grant transmission fails, the subsequent transmission is grant-based. This is by design, since the main goal in designing NR configured grant was to reduce the delay associated with a scheduling request, as well as reduce the required  control signaling. However, in NR-U operation, the benefits of configured grants go beyond its defined goal in NR Release-15 and  could help to alleviate the LBT burden. 
The fallback of configured grant transmission to grant-based transmission could bring complications in NR-U. This is due to the fact that failed configured grant transmission may even go unnoticed by the gNB if the reason of failure is collision at the gNB side. This means that not only the configured grant transmission of a UE cannot be decoded correctly, the gNB may not even be able to identify the UE, hence the gNB will not schedule a grant-based transmission for the UE. Therefore, in case of configured grant transmission failure, there is an advantage to avoid falling back to grant-based transmission and to continue with configured grant transmission. Hence, in the case of a configured grant transmission failure, we believe it is beneficial if further retransmission on configured grant resources is allowed.
Proposal 7: In case of a configured grant transmission failure, it is beneficial if further retransmission on configured grant resources is allowed.
K-Repetition in Configured Grant 
[bookmark: _GoBack]Another aspect of configured grant in NR is the K-repetition feature, where a TB is transmitted in several consecutive configured grant 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 remainder 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-U operation should be further studied and its associated attributes, such as K, 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 occur within the same COT. Second, the small-cell use case of NR-U may not require a large K or even K=1 may suffice compared to large-cell use case of NR.
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 perform an associated LBT procedure before transmission in a PUSCH resource. For type-2 GF uplink transmission, the gNB needs 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 the gNB deactivates it for the UE). While performing an LBT procedure is necessary, whether the same LBT category should be involved for every of the K repetitions in the case of K-repetition configured grant should be further evaluated.
Considering the discussion 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 8: NR-U to study the K-repetition procedure of configured grant transmission and possibly update the relevant attributes for NR-U use cases.
If the K-repetition feature is adopted for the NR-U configured grant procedure, there are considerations that need to be exercised at the UE side. For instance, due to COT and its maximum time duration, MCOT, if a UE initiates a K-repetition configured grant transmission, it is possible that one or several of the last repetitions may fall outside of the COT. Since the COT has expired, any transmission outside of the COT should be subject to a robust LBT procedure for better coexistence. In one situation, a UE may skip transmission of the few last repetitions that are outside of the COT.
Proposal 9: NR-U to study the best practice for K-repetition procedure when a few last repetitions may be outside of a COT.    
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: NR-U should adopt UCI transmission for configured grant, which carries the relevant attributes such as UE ID and HARQ related information. 
Proposal 2: NR-U should investigate ways to transmit UCI for configured grant with high reliability and low collision probability.
Proposal 3: NR-U to investigate whether CBG level HARQ ACK should be supported.
Proposal 4: NR-U to study whether DFI may include pending feedback for prior configured grant transmissions from the same UE.
Proposal 5: NR-U to consider multiple configured grant configurations for each UE to increase the time domain resource allocation flexibility and increase the utilization of the resources. 
Proposal 6: NR-U to consider a mechanism for resolving the contention among multiple UEs attempting to access the same configured grant resource.
Proposal 7: In case of a configured grant transmission failure, it is beneficial if further retransmission on configured grant resources is allowed.
Proposal 8: NR-U to study the K-repetition procedure of configured grant transmission and possibly update the relevant attributes for NR-U use cases.
Proposal 9: NR-U to study the best practice for K-repetition procedure when a few last repetitions may be outside of a COT. 
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