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1	Introduction
In RAN1 92bis, the following was agreed related to the potential physical layer procedures in NR-U [1]:
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
In this contribution, we emphasize the motivation of supporting UL transmission with configured grants in NR-U. Furthermore, we discuss limitations of NR configured grants when operated in NR-U and potential changes.
2	Motivation for configured grants in NR-U
In NR, transmission with configured grants (grant-free transmission) is specified to meet the stringent latency and reliability requirement of URLLC (i.e., 32 bytes of URLLC traffic should have transmission success probability of 1-10-5 within the duration of 1ms.). By reducing the latency given by the scheduling request and UL grant to PUSCH transmission, UL transmission with configured grants can satisfy the latency requirement of URLLC traffic. Furthermore, for the purpose of improving the transmission reliability, transmission repetition is supported for UL transmission with configured grants in Rel-15 NR.
In Rel-15 LTE WI “Enhancements to LTE operation in unlicensed spectrum”, aka feLAA, autonomous UL transmissions are also introduced, but not targeting at the support of URLLC. Per regulatory requirements in some regions, LBT operation is mandatory before a transmission in unlicensed spectrum. For a scheduled UL transmission, multiple LBT operations are required during the handshake between the gNB and the UE associated with SR and UL grant. Hence, when a scheduling-based UL system coexists with a non-scheduling based UL system (e.g., WiFi), the former will have a disadvantage in contending for channel access, especially for high load case.
In feLAA, it is concluded that the benefits of supporting autonomous uplink access in unlicensed spectrum include:
1. UL latency can be lowered due to reduced scheduling control signalling compared to a fully scheduled UL transmission;
2. UL throughput performance can be significantly better than scheduled UL at least for low cell loads, where only a few nodes contend for the channel.
With the similar purpose, UL transmission with configured grants should be supported in NR unlicensed operation.
Observation: Study on limitations of NR configured grants is needed and enhancements may be necessary for NR-U due to different motivation for configured grants in an unlicensed scenario. As a starting point, functionality specified in Rel-15 LTE WI “Enhancements to LTE operation in unlicensed spectrum” (aka feLAA) can be considered.
3	Limitations and potential changes for configured grants in NR-U
In this section, we will discuss the limitations of NR Rel-15 configured grants when operated in NR-U, as well as potential enhancements to overcome the limitations.
3.1	Resource allocation
Two types of transmissions with configured grants are supported in NR:
· In Type 1, all resource allocation related information is provided by RRC signaling. 
· In Type 2, some of the information (e.g., Offset associated with the periodicity, frequency domain resource allocation, an MCS/TBS value, UE-specific DMRS configuration, feedback timer, etc.) can be provided by activation DCI. 

This means that Type 2 configured grant has more flexibility than Type 1 with respect to resource allocation.
Both Type 1 and Type 2 configure the time domain resource for the configured grant via a periodicity with a timing offset. Although the offset can be adjusted by activation DCI in Type 2, providing some flexibility, pre-defined resource allocation cannot be guaranteed in unlicensed spectrum due to unpredictable LBT outcome. Furthermore, strictly periodic time domain resource configuration seems to be too restrictive in unlicensed carriers. As an example, the network may want to prevent UL transmissions with configured grants from happening during times when DRS are transmitted (i.e. during a window), but ensuring that may not be easy with purely periodic configuration of time domain resources. Also, it may be preferable to allocate a set of contiguous slots for the UL transmission with configured grants, allowing for a UE to transmit larger amounts of data in a burst. Therefore, we see that more flexibility is needed. For example, in feLAA, the eNB will indicate which subframes autonomous UL transmission is allowed using a bitmap of 40 bits via RRC signalling. Similar signalling seems beneficial in NR-U scenario too.
Proposal 1: More flexible time domain resource allocation for UL transmission with configured grants in NR-U should be studied.

3.2	Activation/Release
In NR Type 1 configured grant, UL transmission with configured grant is activated/released only based on RRC (re)configuration without any L1 signalling. Therefore, in case the eNB would just temporarily suspend the configured grant operation, it will need to send a RRC reconfiguration to release and send another RRC re-configuration when again activating the operation for the UE. In case of a needed temporary change this will lead to large RRC overhead and additional delays. 
On the other hand, in NR Type 2 configured grant, the UL transmission is based on both RRC configuration and L1 signalling activation and release. 
With Type 2 configured grants, the gNB needs to provide some of configurations via RRC signalling. The gNB will send a DCI to activate the transmission with configured grants and the UE acknowledges the reception of the activation DCI with a MAC control element. The activation DCI shall carry some configuration information (e.g., MCS, frequency domain resource allocation, etc.) to achieve more flexibility. Such procedure is rather similar to LTE SPS, as well the one used in feLAA for autonomous UL access.
Proposal 2: Use NR Type 2 configured grant as the basic way to support UL transmission with configured grants in NR-U.

3.3	HARQ retransmissions
In NR configured grant operation, retransmissions are always scheduled through UL grants. A DCI is introduced to indicate ACK or NACK corresponding to the received PUSCH with configured grants. Such DCI can be reused to serve the same purpose for UL transmission with configured grants in NR-U. Some enhancement for this feedback DCI could be also considered. For example, AUL downlink feedback information ("AUL-DFI") was specified in feLAA to carry pending HARQ feedback for several uplink transmissions / HARQ processes for a UE through a bitmap. TPC and PMI are also carried in AUL-DFI to increase the transmission adaptation. Similar signalling seems useful in NR-U scenario as well.
Proposal 3: Reuse feedback DCI for NR configured grant in NR-U with additional enhancements, such as the functionality defined in feLAA.
In addition, a HARQ timer T is introduced to reserve a HARQ process for potential retransmission for a given period. If UE does not get HARQ feedback or scheduling grant within T, the associated TB in the UE buffer is obsolete. Such design is more suitable for URLLC with stringent latency requirement, as the retransmission of the data may become meaningless after timer T.
The major difference in feLAA AUL with respect to retransmission operation is that autonomous AUL retransmission is also supported. Autonomous AUL retransmission can be triggered by absence of HARQ-feedback before a timer expires. Without stringent latency requirement and lower operational BLER for eMBB, autonomous retransmission may increase the efficiency of UL transmission with configured grants in NR-U.
Proposal 4: Support autonomous retransmission as a fallback solution.

3.4	HARQ operation
In NR with configured grants, the HARQ process ID is implicitly determined based on the resources that are configured for UL transmission with configured grants. Furthermore, the HARQ RV sequence is pre-configured when the repetition of the same TB is introduced. Fixed HARQ ID determination (i.e., linking the HARQ ID with the allocated resource for configured grant) has low HARQ ID utilization efficiency in unlicensed carriers due to the uncertainty on channel access. 
Such issue was discussed in Rel-15 feLAA WI. Autonomous UL access in feLAA utilizes asynchronous HARQ operation, as due to DL transmissions being subject to LBT, it would be hard to enforce a fixed timeline for any transmissions. As UL grants are not used for scheduling AUL transmissions and the UE is in charge of choosing the HARQ process ID, new type of uplink control information (AUL-UCI) was introduced to indicate the selected HARQ process ID, NDI, and RV. Some channel access related parameters are also included in AUL-UCI. Similar approach should be considered for UL transmission with configured grants in NR-U.
Proposal 5: UE selects the HARQ process ID, NDI and RV (if required) for UL transmission with configured grants. New type of UCI can be introduced to indicate the selected HARQ parameters.

3.5	Support of repetition for URLLC
To improve the reliability, K repetitions including the initial transmission are supported for UL transmission with configured grants in NR. Here, K can be configured from {1, 2, 4, 8} and according to the the reliability requirement and/or the prevailing user quality.
However, as the URLLC is not the primary target for NR-U, the motivation of support of TB repetitions with configured grants in NR-U is not clear. Moreover, in case of licensed band operation the repetition is performed in consecutive slots. Considering the NR-U specifics in terms of e.g. MCOT and COT sharing the repetition would lead to long UL COTs, which is not advisable.
Proposal 6: The support of TB repetitions with configured grants in NR-U should be low priority.

4. Conclusions
In this contribution, we have discussed the support of UL transmission with configured grants for NR unlicensed. Based on the discussion, we make the following observations and proposals:
Observation: Study on limitations of NR configured grants is needed and enhancements may be necessary due to different motivation for configured grants in an unlicensed scenario. As a starting point, functionality specified in Rel-15 LTE WI “Enhancements to LTE operation in unlicensed spectrum” can be considered.
Proposal 1: More flexible time domain resource allocation for UL transmission with configured grants in NR-U should be studied.
Proposal 2: Use NR Type 2 configured grant as the basic way to support UL transmission with configured grants in NR-U.
Proposal 3: Reuse feedback DCI for NR configured grant in NR-U with additional enhancements, such as the functionality defined in feLAA.
Proposal 4: Support autonomous retransmission as a fallback solution.
Proposal 5: UE selects the HARQ process ID, NDI and RV (if required) for UL transmission with configured grants. New type of UCI can be introduced to indicate the selected HARQ parameters.
Proposal 6: The support of TB repetitions with configured grants in NR-U should be low priority.
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