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Introduction
The following agreements were made in the RAN1 #94 meeting [1] to enhance configured grant operation for NR-U:
· Allowing consecutive configured grant resources in time without any gaps in between the resources and non-consecutive configured grant resources (not necessarily periodic) with gaps in between the resources is beneficial and should be considered for NR in unlicensed spectrum
· UE selects the HARQ process ID from an RRC configured set of HARQ IDs for NR-unlicensed configured grant transmission.
· It is identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE. 
· FFS: DFI to include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission
· UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· FFS: No reception of feedback from gNB upon the timer expiration.
· To introduce a new timer or reuse configuredGrantTimer.
· It is identified to be beneficial to consider UE multiplexing and collision avoidance mechanisms between configured grant transmissions and between configured grant and scheduled grant transmissions. 
· FFS: detailed mechanism.
Based on these agreements, we discuss issues relating to HARQ retransmission, UCI, and DFI.

Discussion
In LTE feLAA Rel. 15, autonomous UL (AUL) transmission was standardized with support for asynchronous HARQ transmission and retransmission on the UL. The feLAA UE transmits its ID, HARQ related parameters, and COT-sharing information through the AUL-UCI multiplexed on PUSCH to the eNB. The eNB transmits downlink-feedback-indication (DFI) to the UE to provide explicit ACK/NACK information on its autonomous transmissions.
Configured Grants (CG) introduced in NR Rel.15 provide periodic UL grant to the UE with the ability to repeat transmissions in a bundle. The time resource of the grant implicitly indicates the HARQ process ID and RV, i.e., HARQ process is synchronous. Retransmissions occur through scheduled grants and gNB does not provide explicit ACK/NACK. Type-1 CGs are fully RRC configured grants whereas Type-2 CGs provide the MCS, time and frequency resources through an activation DCI.
Many features of LTE feLAA such as asynchronous HARQ transmission, retransmission on AUL resources and COT-sharing with gNB are useful to incorporate into NR for AUL operation. Figure 1 shows the concept of UE-COT sharing with the gNB, AUL-UCI transmission on PUSCH and DFI reception on a DL CORESET. 
In the following subsections, we discuss how the CG operation for NR may be evolved for NR-U to support the features discussed above. 



[bookmark: _Ref521584054]Figure 1 UE COT sharing, AUL-UCI on PUSCH and DFI in shared COT 
Bitmap for resource allocation
LTE feLAA introduced a bitmap based AUL resource-configuration for the UE where 1 bit per slot indicates if the slot is an AUL resource. NR-U may follow a similar approach as it provides more flexibility in assigning resources compared to the periodic resource configuration in CG; however, we could consider a bitmap where each bit denotes a slot or denotes a mini-slot such as 7 OFDM symbols. The later provides more flexibility in assigning autonomous resources especially in slots which may contain some DL symbols. 
Bitmap based resource allocation may be supported for AUL in NR-U. Bitmap may provide AUL resources in increments of mini-slots or slot.

Type-1 and Type-2 CG
Both Type-1 and Type-2 CG in NR may form the basis for autonomous grants in NR-U. Type-1 CG based autonomous transmission may work well for mMTC applications whereas Type-2 CG based autonomous transmission is better suited for eMBB applications. We may consider supporting both modes for autonomous transmission in NR-U.

AUL in NR-U may support AUL grants similar to Type-1 and Type-2 CG.

CBG based retransmission 
To support asynchronous HARQ, feLAA introduced transmission of HARQ parameters of autonomous PUSCH through AUL-UCI. NR-U may adopt this feature to provide more flexibility and reduced transmission latency. Furthermore, since code block group (CBG) based transmissions are supported in NR, we may consider CBG based NACK feedback to the UE as well. One way to support CBG based retransmissions is to indicate the CBG-Transmission indication (CBGTI) bits in the AUL-UCI; so that the gNB can decode the PUSCH without ambiguity about the retransmitted CBs. NR-U AUL may support CBG based ACK/NACK and CBG based retransmissions.

CORESET and search space for DFI reception
In feLAA, when a UE shares it COT with eNB, the UL-DL switching occurs prior to the start of a slot; the eNB transmits the DFI in the control region of the slot. 

It is advantageous to have more flexibility in allowing the UE to select the UL-DL switching time. However, in NR, the UE’s DCI monitoring occasion and periodicity is configured by RRC; so, it is necessary to ensure that a CORESET and search space are available to monitor the DFI in the DL duration of the shared COT. One way to achieve this is to limit the UL-DL switching points to align the DL duration with a configured monitoring occasion. While this has minimal impact on the specs, it may not provide enough flexibility in COT sharing.  Another way to enable this is to provide a flexible CORESET and search space resource that occurs following the UL-DL switch. While this provides considerable flexibility, it requires standardization effort.

NR-U may consider providing flexibility in UL-DL switching point during UE-COT sharing while ensuring that a DCI monitoring occasion is available to receive DFI from the gNB.

Repetition in AUL resources
CG supports the repetition of a HARQ process in a bundle. This feature may be supported for autonomous transmission as well; the repetition can provide robustness, especially if the UE has autonomy in selecting the MCS. While the UE may use channel reciprocity to estimate the MCS, the choice may not be optimal from the gNB’s perspective.  

When transmitting a bundle, every PUSCH transmission may carry AUL-UCI (as in feLAA). Alternatively, as it is desirable to minimize the overhead due to AUL-UCI signaling, the AUL-UCI may be transmitted once per bundle, on the first transmission in the bundle as shown in Figure 2. 




[bookmark: _Ref521591847][bookmark: _Ref521591841]Figure 2 AUL-UCI is transmitted only on the first transmission in a bundle

NR-U may consider ways to limit the overhead due to AUL-UCI, especially when transmission occurs in repetitions within a bundle.


PUSCH multiplexing
In NR-U we may multiplex UEs using a self-deferral procedure similar to that in feLAA. In feLAA, the UE’s self-deferral value is within 1 OFDM symbol so that the PUSCH transmission starts by symbol #1 of the slot. It may begin in symbol #0 and use CP extension in the partial symbol as shown in Figure 3A. Multiple UEs may have the same AUL resources; they generate their self-deferral values randomly during a channel access attempt. A UE that with a smaller self-deferral value gets channel access and blocks other UEs from channel access during that transmission.

A similar approach may be considered for NR-U UEs. In NR-U, we may consider providing more flexibility, i.e., we may allow PUSCH transmission to start at different symbols in the slot; this provides more opportunities for getting channel access, especially if the AUL transmissions are in the form of mini-slots. An example is shown in Figure 3B where the AUL PUSCH begins on symbol #4.

For FDM users, multiple UEs need to access the channel at the same time. In this case, they may be configured to use the same self-deferral value for a channel access so that they do not block each other. However, if the number of UEs is large, there may be collisions between multiple UEs. If we support repetition of AUL transmissions for FDM UEs, we may provide different interlaces to a UE in each repetition. Even if the interlaces of two UEs collide in one transmission, they may not collide in another repetition as shown in Figure 4.






[bookmark: _Ref521590467]Figure 3 PUSCH multiplexing (A) PUSCH transmission begins on OS#0 (B) PUSCH transmission begins on OS#4


[bookmark: _Ref525911600]Figure 4 Providing different interlaces in different repetitions to reduce the impact of collision

BWP operation
It was agreed that the initial active BWP is about 20MHz for NR-U for 5GHz and potentially for 6GHz. This enables smooth coexistence with WiFi. 

If we give the NR-U UE the autonomy to select the BWP (in addition to the autonomy to select the time resource), we can improve system capacity and reduce latency; this is because the UE may get channel access to a different BWP if its current BWP is occupied by another node on the unlicensed spectrum. 

NR-U may consider autonomous BWP selection.

For autonomous BWP selection, UE may be required to monitor multiple BWPs. However, NR currently supports only one active BWP. We should study the impact of supporting multiple active BWPs for NR-U on the specs. 

NR-U may study ways to enable multiple active BWPs for the UE.

3. Conclusion
[bookmark: _GoBack]In this contribution, we discussed various aspects related to AUL transmission for NR-U. We made the following proposals.
1. Bitmap based resource allocation may be supported for AUL in NR-U. Bitmap may provide AUL resources in increments of mini-slots or slot.
AUL in NR-U may support AUL grants similar to Type-1 and Type-2 CG.
NR-U may consider providing flexibility in UL-DL switching point during UE-COT sharing while ensuring that a DCI monitoring occasion is available to receive DFI from the gNB.
NR-U may consider ways to limit the overhead due to AUL-UCI, especially when transmission occurs in repetitions within a bundle.
NR-U may consider autonomous BWP selection.
NR-U may study ways to enable multiple active BWPs for the UE.
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