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At RAN#82, the work item “NR-based access to Unlicensed Spectrum” (NR-U) was approved [1]. Configured grant enhancement is one of the objectives of the NR-U WI.  
In the RAN1#96 meeting the following agreements were made [2]:Agreement:
For PUSCH transmitted using CG, CBG-based retransmission is supported at least by using dedicated scheduled resource allocated by an UL grant.
· FFS: CBG-based retransmission using a configured grant
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements
Agreement:
For initial transmission on configured grant resource, HARQ retransmission on configured grant resource upon configured grant timer expiration (assume NACK if no ACK is received) is supported
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements


In the last RAN1#96bis meeting, the following agreements were made [3]:Agreement:
Select from the following additional options for type 1 and type 2 configured grant time domain resource allocation mechanism in NR by RAN1#97
· Option 1: A bitmap to selectively enable or disable configured UL transmission opportunities as per NR Rel-15 configurations.
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
· Option 2: A mechanism based on multiple NR Rel-15 configurations
· FFS: Whether any further enhancement is needed to Rel-16 beyond what is being considered in the URLLC WI
· Option 3: Configuration in addition to the Rel-15 baseline of one or more of the following aspects:
· Multiple offsets within an active configuration
· Duration of transmission for an offset
· Option 4: A bitmap to configure UL transmission opportunities to replace current time domain resource configuration
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
· Note: This is importing LAA AUL functionality into NR

Resource Configurations

2.1 Time domain resource configuration

In the current NR-U work item, four options with two main solutions have been agreed: a bit map based solution (as specified in FeLAA AUL), and an NR Rel-15 configured grant (CG)-based solution. In FeLAA AUL, a configured bit map of a length of 40 bits is signaled to the UE performing AUL, which also limits the maximum possible flexibility. In contrast, the other solution based on NR Rel-15 configured grants, allows more flexibility to accommodate longer periodicities, different numerologies and subslot-based transmission. Hence, this mechanism (identified in Option 2 and Option 3) should also be considered for NR-U. However, due to a potential LBT failure the existing NR CGs should be further enhanced. 

In RAN1 #96bis, NR enhanced configured grants were identified in both Option 2 and Option 3. Option 2 is based on Rel-16 WI URLLC enhancements, where the multiple active CGs can be reused to achieve multiple transmission opportunities to provide flexibility for NR-U, e.g., to accommodate for LBT. However, Option 2 may come with an increased configuration overhead.
In contrast to this, Option 3 may also be used without introducing multiple active CGs to NR-U. This is achieved by preconfiguring multiple timeDomainOffset(s) to define multiple starting positions which are associated to a CG configuration. This may allow the UE to select a transmission opportunity based on its LBT outcome. 

Furthermore, depending on which option is chosen it has to be decided how to proceed with the K-repetition feature. For example, in the case the first transmission opportunity fails, e.g., due to LBT, and a UE decides to transmit in the second transmission opportunity, the UE might transmit less than K repetitions, e.g., due to limited remaining time. This might have an impact on the configuration of CG, which requires in this case to support a different number of K-repetitions for the different transmission opportunities.

Proposal 1: Support a single solution for NR-U based on Rel-15 CG providing:
· Multiple time offsets with adaptable granularity, e.g., numerology and subslot
· K-repetition adaptable for the different time offsets.
 
2.2 Frequency-domain resource configuration

In addition to the transmission opportunities in time domain, multiple transmission opportunities can also be considered in frequency domain. The UE can finally transmit on one or more of these sub-bands based on the outcome of the LBT, i.e., transmitting on those where CCA was successful. Furthermore, it can be considered whether the UE can also reduce the number of allocated sub-bands based on the TB size. In order for the UE to select transmission on sub-bands, the gNB configuration may involve some combinations of the associated sub-bands. For example, the gNB may indicate combinations of the sub-bands configured to a UE such as: sub-band1+sub-band2, sub-band2+sub-band3, sub-band1+sub-band2+sub-band3 etc.

Proposal 2: Support for NR-U configured grants multiple candidate frequency-domain resources spanning one or more sub-bands.

CBG-based retransmission in CG resources 

In the RAN1#96 meeting, it was discussed and agreed that CBG-based transmissions and retransmissions on configured grant resources should be supported in NR-U, at least by considering dedicated resources for CBG-based HARQ retransmissions [2]. Pursing CBG-based retransmission on CG resources has been considered for further study as it requires more analysis. The main issue identified here is how to signal a feedback to indicate retransmitted CBGs and CBGs associated with a new transmission. Especially, LBT failure for transmitting the HARQ feedback has to be considered here. Hence, such an LBT failure can induce a misalignment when a retransmission takes place on CG resources.

Proposal 3: Support CBG-based (re-)transmission using CG PUSCH resources.
· FFS feedback mechanism
· FFS how to handle HARQ feedback failure

Conclusion

In this contribution, we discussed potential solutions for NR-U CGs.

Proposal 1: Support a single solution for NR-U based on Rel-15 CG providing:
· Multiple time offsets with adaptable granularity, e.g., numerology and subslot
· K-repetition adaptable for the different time offsets.

Proposal 2: Support for NR-U configured grants multiple candidate frequency-domain resources spanning one or more sub-bands.

Proposal 3: Support CBG-based (re-)transmission using CG PUSCH resources.
· FFS feedback mechanism
· FFS how to handle HARQ feedback failure
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